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       Foreword   

 While simulation in general is probably prehistoric and a recent review traces crude elements 
of simulation for healthcare purposes back thousands of years, in many respects the modern 
era of simulation in healthcare is only about 25–30 years old. Much has happened in those 
years. There are no de fi nitive metrics for growth of this endeavor. In fact, experts still debate 
aspects of terminology, and even what quali fi es as a “simulation” differs greatly among those 
in the  fi eld. Looking just at the last decade’s growth of the Society for Simulation in Healthcare 
(SSH) is instructive of what has happened in this period. Whereas in 2004 the SSH had just 
under 200 members, in 2012 it has over 3,000 members. Similar growth has occurred in the 
attendance at the International Meeting on Simulation in Healthcare (IMSH) and other simula-
tion meetings (nearly 3,000 attendees at the 2012 IMSH conference). There has been rapid 
expansion of industries connected to healthcare simulation: the primary industries of those 
who manufacture simulators or part-task/procedural trainers and the secondary and tertiary 
industries of those providing services to the primary manufacturers or to the educators and 
clinicians who utilize simulators to do their work. Similarly, simulation has spawned a variety 
of new jobs and job types from new gigs for working actors (as standardized “patients,” “fam-
ily members,” or other) to “simulationists” or “simulation technicians” to “simulation 
educators.” 

 Just, say, 15 years ago (let alone 25 years ago), there was only a smattering of publications 
about simulation in healthcare as we now think of it. Knowledge and experience about the 
topic were largely in the heads of a few pioneers, and both the published and unpublished 
knowledge dealt only with a handful of clinical domains. Things are very different today. 
Information about simulation is exploding. There are thousands of papers, thousands of simu-
lation groups and facilities, and thousands of experts. Besides the  fl agship peer-reviewed, 
indexed, multidisciplinary journal  Simulation in Healthcare  (of which I am the founding and 
current Editor-in-Chief), papers on simulation in healthcare are published in other peer-
reviewed journals in speci fi c disciplines or about speci fi c clinical domains. No one can keep 
track of all the literature any more. It is thus of great importance to have textbooks on the topic. 
Some textbooks are aimed at the novice. Other textbooks aim to be what I would call a “refer-
ence textbook”; they are intended to serve as a benchmark for the  fi eld, providing a compre-
hensive and in-depth view for all, rather than a cursory look for the beginner. Using a reference 
textbook, a serious individual new to the  fi eld can get up to speed, while those already experi-
enced can  fi nd material about sub fi elds not their own as well as new or different views and 
opinions about things they thought they knew. Drs. Levine, DeMaria Jr., Schwartz, and Sim 
should be commended;  The Comprehensive Textbook of Healthcare Simulation  is a reference 
textbook. The book aims to be comprehensive, and clearly it addresses just about every arena 
of simulation and every adjunctive technique and issue. It is indeed a place where anyone can 
 fi nd detailed information on any aspect of the full spectrum of the  fi eld. The authors represent 
many of the best-known simulation groups in the world. I am proud to say that many authors 
are on the editorial board of  Simulation in Healthcare ; some are Associate Editors. A number 
of authors are current or former members of the SSH Board of Directors. I should disclose that 
I myself am an author or coauthor of two contributions to this textbook. 



viii Foreword

 The  fi eld of simulation in healthcare is very broad, and while it has matured somewhat in 
the last quarter century, it is still a very young  fi eld. As with every textbook—especially a 
multiauthored one—anyone with experience in the  fi eld will  fi nd much herein to agree with 
and some things about which they disagree. Agreement may lead to wider adoption of good 
ideas. The disagreements should lead to further innovation and research exploring the nuances 
and the limits of this powerful set of techniques. Whenever any of those outcomes transpires, 
it will be a testament to the power of the book to inspire others. 

 Stanford, CA, USA David M. Gaba, MD   
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   Introduction 

 Throughout history healthcare educators have used patient 
surrogates to teach, assess, and even conduct research in a 
safe and predictable environment. Therefore, the use of 
healthcare simulation is historically rooted and as old as the 
concept of healthcare itself. In the last two decades, there has 
been an exponential rise in the development, application, and 
general awareness of simulation use in the healthcare indus-
try. What was once essentially a novelty has given rise to 
entire new  fi elds, industries, and dedicated professional soci-
eties. Within a very short time, healthcare simulation has 
gone from “best secret” to “best practice.”  

   Ambiguity, Resistance, and the Role 
of Simulation: Organization of this Book    

 So why do we need a comprehensive textbook of healthcare 
simulation? Although growth has been relatively rapid, in 
reality, the ambiguity of the  fi eld’s vision, resistance of adop-
tion by practitioners, and an ill-de fi ned role for simulation in 
many healthcare arenas have characterized the recent history 
of simulation. Despite this fact, we are now at a place where 
clarity, acceptance, and more focused roles for simulation 
have begun to predominate. This transformation has spawned 
a rapidly evolving list of new terminologies, technologies, 
and teaching and assessment modalities. Therefore, many 
educators, researchers, and administrators are seeking a 
de fi nitive, up-to-date resource that addresses solutions to 

their needs in terms of training, assessment, and patient 
safety applications. 
 Hence, we present this book  The Comprehensive Textbook of 
Healthcare Simulation . 

 Most medical disciplines now have a collective vision for 
how and why simulation  fi ts into trainee education, and some 
have extended this role to advanced practitioner training, 
maintenance of competency, and even as a vehicle for thera-
peutic intervention and procedural rehearsal. Regardless of 
the reader’s background and discipline, this book will serve 
those developing their own simulation centers or programs 
and those considering incorporation of this technology into 
their credentialing processes. It will also serve as a state-of-
the-art reference for those already knowledgeable or involved 
with simulation, but looking to expand their knowledge base 
or their simulation program’s capability and target audience. 
We are proud to present to the reader an international author 
list that brings together experts in healthcare simulation in its 
various forms. Here you will  fi nd many of the  fi eld’s most 
notable experts offering opinion and best evidence with 
regard to their own discipline’s best practices in simulation. 

   Organization 

 The book is divided into     fi ve parts: Part   1    :  Introduction to 
Simulation, Part   2    : Simulation Modalities and Technologies, 
Part   3    : The Healthcare Disciplines, and Parts   4     and   5    : on the 
practical considerations of Healthcare Simulation for Profes-
sional and Program Development. 

 In Part   1     the reader is provided with a historic perspective 
and up-to-date look at the general concepts of healthcare 
simulation applications. The book opens with a comprehen-
sive review of the history of healthcare simulation (Chap.   2    ). 
The embedded memoir section (“Pioneers and Pro fi les”) 
offers the reader a unique insight into the history of simula-
tion through the eyes and words of those responsible for mak-
ing it. These fascinating personal memoirs are written by 
people who were present from the beginning and who were 
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responsible for simulation’s widespread adoption, design, and 
application. Here we are honored to present, for the  fi rst 
time, “the stories” of David Gaba, Mike Good, Howard 
Schwid, and several others. Drs. Gaba and Good des cribe 
their early work creating the Stanford and Gainesville man-
nequin-based simulators, respectively, while Dr. Schwid 
describes his early days creating the  fi rst computer-based 
simulators. Industry pioneer Lou Obendorf shares his experi-
ence with simulation commercialization including starting, 
expanding, and establishing one of the largest healthcare 
simulation companies in the world. Other authors’ stories 
frame the early days of this exciting  fi eld as it was coming 
together including our own involvement (The Mount Sinai 
Story) with simulation having acquired the  fi rst simulator 
built on the Gainesville simulator platform, which would 
ultimately become the CAE METI HPS simulator. 

 The rest of this section will prove invaluable to healthcare 
providers and is devoted to the application of simulation at 
the broadest levels: for education (Chaps.   3    ,   4    , and   5    ), assess-
ment (Chaps.   11     and   12    ), and patient safety (Chap.   9    ). The 
speci fi c cornerstones of simulation-based activities are also 
elucidated through dedicated chapters emphasizing the 
incorporation of human factors’ training (Chap.   8    ), systems 
factors (Chap.   10    ), feedback, and debrie fi ng (Chaps.   6     and   7    ). 
Special sections are included to assist educators interested in 
enriching their simulation-based activities with the introduc-
tion of humor, stress, and other novel concepts. 

 The earlier opposition to the use of simulation by many 
healthcare providers has to a large degree softened due to the 
extensive work done to demonstrate and make simulation a rig-
orous tool for training and assessment. As the science of simula-
tion, based in adult learning theory (Chap.   3    ), has improved, it 
has become more and more dif fi cult for healthcare workers to 
deny its role in healthcare education, assessment, and mainte-
nance of competence. Further, this scienti fi c basis has helped 
clarify ambiguity and better de fi ne the role of simulation never 
before conceived or appreciated. Crisis resource management 
(Chap.   8    ), presented by the team who pioneered the concept, is 
a perfect example of evidence driving best practice for simula-
tion. Two decades ago, one might have thought that simulation 
was best used for teaching  fi nite psychomotor skills. We know 
now that teamwork, communication, and nontechnical human 
factors necessary to best manage a crisis are critical to assure 
error reduction and patient safety and can be a major attribute of 
simulation-based training. This scienti fi c rigor has helped 
rede fi ne and guide the role for simulation in healthcare. 

 In Part   2    , we present the four major areas of modalities 
and technologies used for simulation-based activities. These 
can be found in dedicated chapters (Chap.   13     on standard-
ized patient, Chap.   14     on computer- and internet-based simu-
lators, Chap.   15     on mannequin-based simulators, and Chap.   16     
on virtual reality and haptic simulators). Again, this group of 
fundamental chapters provides the reader with targeted and 
timely resources on the available technology including 

 general technical issues, applications, strengths, and limita-
tions. The authors of these chapters help to demonstrate how 
the technological revolution has further expanded and de fi ned 
the role of simulation in healthcare. Each chapter in this sec-
tion is written by experts and in many cases is presented by 
the pioneers in that particular technological genre. 

 Throughout this textbook, the reader will  fi nd examples to 
determine which way the “wind is blowing” in various medi-
cal disciplines (Part   3    ). Here we include a comprehensive list-
ing of healthcare disciplines that have embraced simulation 
and have expanded the role in their own  fi eld. We have chosen 
each of these disciplines deliberately because they were ones 
with well-established adoption, use, and best practice for 
simulation (e.g., anesthesiology and emergency medicine) or 
because they are experiencing rapid growth in simulation 
implementation and innovation (e.g., psychiatry and the sur-
gical disciplines). While many readers will of course choose 
to read the chapter(s) speci fi c to their own medical discipline, 
we hope they will be encouraged to venture beyond their own 
practice and read some of the other discipline-speci fi c chap-
ters that may seem to have little to do with their own specialty. 
What the reader will  fi nd in doing so will most certainly inter-
est them, since learning what others do, in seemingly unre-
lated domains, will intrigue, inspire, and motivate readers to 
approach simulation in different ways. 

 The book closes with Parts   4     and   5    , wherein the authors 
present several facets of professional and program develop-
ment in simulation (i.e., how to become better at simulation 
at the individual, institutional, and societal levels). We have 
organized the available programs in simulation training “up 
the chain” from medical students, resident and fellow, to 
practicing physicians and nurses as well as for administrators 
looking to start centers, get funding, and obtain endorsement 
or accreditation by the available bodies in simulation.   

   Welcome 

 This textbook has been a labor of love for us (the editors), but 
also for each one of the authors involved in this comprehensive, 
multinational, multi-institutional, and multidisciplinary project. 
We are honored to have assembled the world’s authorities on 
these subjects, many of whom were responsible for developing 
the technology, the innovative applications, and the supportive 
research upon which this book is based. We hope the reader will 
 fi nd what he or she is looking for at the logistical and informa-
tional level; however, we have greater hope that what they  fi nd 
is a  fi eld still young but with a clear vision for the future and 
great things on the horizon. We as healthcare workers, educa-
tors, or administrators, in the end, have patients relying upon us 
for safe and intelligent care. This young but bustling technique 
for training and assessment, which we call simulation, has 
moved beyond “best secret” to “best practice” and is now poised 
for a great future.       
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          Introduction 

 Simulation is not an accident but the result of major advance-
ments in both technology and educational theory. Medical 
simulation in primitive forms has been practiced for centu-
ries. Physical models of anatomy and disease were con-
structed long before plastic or computers were even 
conceived. While modern simulation was truly borne out in 
the twentieth century and is a direct descendent of aviation 
simulation, current healthcare simulation is possible because 
of the evolution of interrelated  fi elds of knowledge and the 
global application of systems-based practice and practice-
based learning to healthcare. 

 Technology and the technological revolutions are funda-
mental to these advancements (Fig.  2.1 ). Technology can 
take two forms: enhanced technology and replacement 
technology. As the names imply, enhanced technology 
serves to improve existing technologies, while replacement 
technology is potentially more disruptive since the new 
technology serves to displace that which is preexisting. 
However, according to Professor Maury Klein, an expert on 
technology: 

  Technology is value neutral. It is neither good nor evil. It does 
whatever somebody wants it to do. The value that is attached to 
any given piece of technology depends on who is using it and 
evaluating it, and what they do with it. The same technology can 
do vast good or vast harm  [  1  ] .   

 The  fi rst technological revolution (i.e., the industrial revo-
lution) had three sequential phases, each having two compo-
nents. The power revolution provided the foundation for later 

revolutions in communications and transportation. It was 
these revolutions that resulted in the global organizational 
revolution and forever changed the way people relate to each 
other and to the world. The communications revolution was 
in the middle of this technology sandwich, and today simula-
tion educators recognize their technology is powerless with-
out effective communication (see Fig.  2.1 ). 

   Overview 

 This overview of the history of healthcare simulation will 
begin with a review of the history of computers and  fl ight 
simulation. These two innovations provide a context for and 
demonstrate many parallels to medical simulation develop-
ment. The current technology revolution (information age) 
began in the 1970s as computer technology, networking, 
and information systems burst upon us. Computing power 
moved from large expensive government applications to 
affordable personal models. Instantaneous communication 
with or without visual images has replaced slower commu-
nication streams. During this same time period, aviation 
safety principles were identi fi ed as relevant to healthcare 
systems. 

 Previous “history of simulation narratives” exerted 
signi fi cant effort toward the historic justi fi cation of simula-
tion modalities for healthcare education. The history and 
success of simulation in education and training for a variety 
of other disciplines was evidence for the pursuit of health-
care simulation. However, no other  fi eld questioned the abil-
ity of deliberate practice to improve performance. At long 
last, most healthcare professionals cannot imagine a world 
without simulation. It is time to thank simulation education 
innovators for their perseverance. An editorial in Scienti fi c 
American in the 1870s declared erroneously that the tele-
phone was destined to fail  [  1  ] . Similarly, simulation educa-
tors didn’t stop when they were dismissed by skeptics, asked 
to prove the ef fi cacy of simulation, or ridiculed for “playing 
with dolls.”   
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   The History of Computers 

 Man developed counting devices even in very primitive cul-
tures. The earliest analog computers were designed to assist 
with calculations of astronomy (astrolabe, equatorium, 
 planisphere), geometry (sector), and mathematics (tally stick, 
abacus, slide rule, Napier’s bones). The Computer History 
Museum has many Internet-based exhibits including a 
detailed timeline of the history of computation  [  2–  5  ] . One of 
the oldest surviving computing relics is the 2000-year-old 
Antikythera mechanism. It was discovered in a shipwreck in 
1901. This device not only predicted astronomy but also 
catalogued the timing for the Olympic games  [  6  ] . 

 During the nineteenth century, there was an accelerated 
growth of computing capabilities. During the 10-year period 
between 1885 and 1895, there were many signi fi cant comput-
ing inventions. The precursor of the keyboard, the comptome-
ter, was designed and built from a macaroni box by Dorr E. Felt 
in 1886 and patented a year later  [  7  ] . Punch cards were intro-
duced  fi rst by Joseph-Marie Jacquard in 1801 for use in a loom 
 [  8  ] . This technology was then applied to calculator design by 
Charles Babbage in his plans for the “Analytical Machine”  [  9  ] . 

 Herman Hollerith’s Electric Tabulating Machine was the 
 fi rst successful implementation of punch card technology on a 
grand scale and was used to tabulate the results of the 1890 
census  [  10  ] . His innovative and successful counting solution 
earned him a cover story for Scienti fi c American. He formed the 

Tabulating Machine Company in 1895. In 1885, Julius Pitrap 
invented the computing scale  [  11  ] . His patents were bought by 
the Computing Scale Company in 1891  [  12  ] . In 1887, Alexander 
Dey invented the dial recorder and formed Dey Patents Company, 
also known as the Dey Time Register, in 1893  [  13,   14  ] . Harlow 
Bundy invented the  fi rst time clock for workers in Binghamton, 
NY, in 1889  [  15  ] . Binghamton turned out to be an important site 
in the history of  fl ight and medical simulation during the next 
century. Ownership of all of these businesses would change 
over the next 25 years before they were consolidated as the 
Computing Tabulating Recording Corporation (CTR) in 1911 
(see Fig.  2.2 ). CTR would change its name to the more familiar 
International Business Machines (IBM) in 1924  [  16  ] .  

 Interestingly, the word  computer  originally referred only 
to people who solved dif fi cult mathematical problems. The 
term was  fi rst applied to the machines that could rapidly and 
accurately calculate and solve problems during World War II 
 [  17  ] . The military needs during the war spurred development 
of computation devices, and computers rapidly progressed 
from the mechanical-analog phase into the electronic digital 
era. Many of the advances can be traced to innovations by 
Konrad Zuse, a German code breaker, who is credited by 
many as the inventor of the  fi rst programmable computer 
 [  18  ] . His innovations included the introduction of binary pro-
cessing with the Z1 (1936–1938). Ultimately, he would sepa-
rate memory and processing and replace relays with vacuum 
tubes. He also developed the  fi rst programming language. 

First technologic revolution: power, communication, transportation
1800s

Evolution: flight simulation, computers, and 
healthcare technology

1900s

Educational
revolution: 

simulation and
competency 

based assessments
2000s

  Fig. 2.1    Overview of the revolutions in technology, simulation, and medical education       
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 During the same time period (1938–1944) in the USA, the 
Harvard Mark 1, also known as the Automatic Sequence 
Controlled Calculator, was designed and built by Howard 
Aiken with support from IBM. It was the  fi rst commercial, 
electrical-mechanical computer. Years later, Aiken, as a 
member of the National Bureau of Standards Research 
Council, would recommend against J. Presper Eckert and 
John Mauchly and their vision for mass production of their 
computers  [  17  ] . 

 In the 1950s, Remington Rand purchased the    Eckert-
Mauchly Computer Company and began production of the 
UNIVAC computer. This universal computer could serve 
both business and scienti fi c needs with its unique alphanu-
meric processing capability  [  19  ] . Computers were no longer 
just for computing but became managers of information as 
well as numbers. The UNIVAC’s vacuum tube and metallic 
tape design was the  fi rst to challenge traditional punch card 
models in the USA. Many of its basic design features remain 
in present-day computers. IBM responded to this challenge 
with the launch of a technologically similar unit, simply 
labeled 701. It introduced plastic tape and faster data retrieval. 
The key inventions of the latter part of the decade were solid-
state transistor technology, computer disc storage systems, 
and magnetic core memory. 

 The foundation for modern computers was completed in 
the 1960s when they became entirely digital. Further devel-
opments and re fi nements were aimed at increasing computer 
speed and capacity while decreasing size and cost. The 
1980s heralded the personal computer and software revolu-
tion, and the 1990s saw progressive increases in magnetic 
data storage, networking, portability, and speed. The com-
puter revolution of the twenty- fi rst century has focused on 

the client/server revolution and the proliferation of small 
multipurpose mobile-computing devices.  

   History of Flight Simulation 

 Early  fl ight training used real aircraft,  fi rst on the ground and 
then progressing to in- fl ight dual-control training aircraft. 
The  fi rst simple mechanical trainers debuted in 1910  [  20  ] . 
The Sanders trainer required wind to simulate motion. 
Instructors physically rocked the Antoinette Learning Barrel 
to simulate  fl ight motions  [  21  ] . By 1912, pilot error was rec-
ognized as the source of 90% of all crashes  [  22  ] . Although 
World War I stimulated and funded signi fi cant developments 
in aviation training devices to reduce the number of noncom-
bat casualties and improve aerial combat, new inventions 
stalled during peacetime until the innovations of Edwin A. 
Link. 

 Edwin Link was born July 26, 1904, less than a year after 
the  fi rst powered  fl ight by the Wright brothers. His father 
started the Link Piano and Organ Company in 1910 in 
Binghamton, NY. He took his  fi rst  fl ying lesson at the age of 
16 and bought his  fi rst airplane in 1928. Determined to  fi nd a 
quicker and less expensive way to learn to  fl y, Link began 
working on his Blue Box trainer and formed the Link 
Aeronautical Corporation in 1929. He received patent # 
1,825,462 for the Combination Training Device for Student 
Aviators and Entertainment on September 29, 1931  [  23  ] . At 
 fi rst he was unable to convince people of its true value, and it 
became a popular amusement park attraction. National 
Inventor’s Hall of Fame posthumously recognized Edwin Link 
for this invention in 2003  [  24  ] . In the 1930s, the US Army Air 
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scale patents
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Ozias.
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International
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Computing

Tabulating Recording
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  Fig. 2.2    Development of IBM        
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Corps became responsible for mail delivery. After experienc-
ing several weather-related tragedies, the army requested a 
demonstration of the Link trainer. In 1934 Link successfully 
sold the concept by demonstrating a safe landing in a thick 
fog. World War II provided additional military funding for 
development, and 10,000 trainers were ordered by the USA 
and its allies. 

 Edwin Link was president of Link Aviation until 1953. 
He stayed involved through its 1954 merger with General 
Precision Equipment Corporation and  fi nally retired in 1959. 
Link simulators progressed for decades in parallel with the 
evolution of aircraft and computers. Link began space fl ight 
simulation in 1962. The Singer Company acquired Link 
Aviation in 1968. Twenty years later, the  fl ight simulation 
division was purchased by CAE Inc.  [  25  ] . This company 
would become involved with the commercial manufacture of 
high- fi delity mannequin simulators in the 1990s. By 2012, 
CAE expanded their healthcare simulation product line by 
acquiring Immersion Medical, a division of Immersion Inc. 
devoted to the development of virtual reality haptic-enabled 
simulators, and Medical Education Technologies Inc. 
(METI), a leading model-driven high- fi delity mannequin-
based simulation company.  

   Pioneers of Modern Healthcare Education 
and Simulation 

 “The driving force of technology evolution is not mechani-
cal, electrical, optical, or chemical. It’s human: each new 
generation of simulationists standing on the shoulders - and 
the breakthroughs - of every previous generation”  [  26  ] . The 
current major paradigm shift in healthcare education to com-
petency-based systems, mastery learning, and simulation 
took almost 50 years. This history of simulation will pay 
tribute to those pioneers in technical simulation, nontechni-
cal simulation, and patient safety who dared to “boldly go 
where no man had gone before”  [  27,   28  ]  and laid the founda-
tion for medical simulation innovations of the 1980s and 
beyond. 

   The Legacy of Stephen J. Abrahamson, PhD 

 Stephen Abrahamson wrote a summary of the events in his 
professional life titled “Essays on Medical Education.” It 
chronicles his 30-year path as an educator. Although chance 
meetings (“Abrahamson’s formula for success: Dumb Luck”) 
and coincidences play a role in his story, the accomplish-
ments would not have occurred without his knowledge, per-
sistence, and innovative spirit  [  29  ] . He was  fi rst a high school 
teacher and then an instructor for high school teachers before 
entering Temple University where he received his Master of 

Science degree in 1948 and his PhD in Education from New 
York University in 1951. His postdoctoral work at Yale 
focused on evaluation  [  30  ] . 

 Abrahamson began his  fi rst faculty appointment at the 
University of Buffalo in 1952. His expertise was quickly rec-
ognized and he was appointed as head of the Education 
Research Center. His career in medical education began when 
he met George Miller from the School of Medicine who 
sought help to improve medical education with assistance 
from the education experts. This was indeed a novel concept 
for 1954. Dr. Abrahamson knew education, but not medical 
education, and adopted an ethnographic approach to gain 
understanding of the culture and process. After a period of 
observation, he received a grant for the “Project in Medical 
Education” to test his hypothesis that medical education 
would bene fi t from faculty development in educational prin-
ciples. Two of his early students at Buffalo who assisted in 
this project achieved later signi fi cant acclaim in the  fi eld of 
medical education. Edwin F. Rosinski, MD, eventually 
became the Deputy Assistant Secretary for the Department of 
Health Education and Welfare and drafted legislation favor-
ing research in medical education. Hillard Jason was a medi-
cal student who was also awarded a doctorate in education 
and would help to advance standardized patient evaluation. 

 This project held several seminars that were attended by 
medical school administrators. Three of the attendees 
from California would eventually  fi gure prominently in 
Abrahamson’s future. Dr. Abrahamson describes 1959 as the 
year his career in medical education began  [  30  ] . He accepted 
an invitation to serve as a visiting professor at Stanford in the 
capacity of medical consultant (1959–1960). His primary 
function was to provide expertise on student evaluation for 
their new curriculum. 

 The University of Southern California (USC) success-
fully recruited Dr. Abrahamson to become the founding 
leader of their Department of Medical Education in 1963. 
Howard Barrows, MD, attended a project seminar before he 
and Abrahamson would become colleagues at USC. In a 
2003 interview, Abrahamson stated, “Howard is one of the 
most innovative persons I have ever met”  [  31  ] . He collabo-
rated with Dr. Barrows on the development of “programmed 
patients” (see Barrows’ tribute below) for medical educa-
tion by writing a successful grant application to support the 
program and coauthored the  fi rst paper describing this tech-
nique  [  32  ] . 

 The  fi rst computerized patient simulator, known as Sim 
One, was conceived during a “3-martini lunch” with medical 
colleagues in 1964  [  33  ] . Dr. J. Samuel Denson, Chief of the 
Department of Anesthesiology, was a clinical collaborator. 
Denson and Dr. Abrahamson attempted to obtain funding 
from the National Institutes of Health (NIH) but received 
many rejections. Dr. Abrahamson’s submitted a proposal to 
the United States Of fi ce of Education’s Cooperative Research 
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Project and was awarded a $272,000 grant over 2 years to 
cover the cost of development. The group partnered with 
Aerojet General and unveiled Sim One on March 17, 1967. 
A pictorial overview of Sim One is available  [  34–  36  ] . 

 The team of researchers from USC (Stephen Abrahamson, 
Judson Denson, Alfred Paul Clark, Leonard Taback, Tullio 
Ronzoni) applied for a patent on January 29, 1968. The full 
name of the simulator on the patent was Anesthesiological 
Training Simulator. Patent # 3,520,071 was issued 2 years 
later on July 14, 1970  [  37  ] . The patent is referenced in 26 
future patents by the American Heart Association; the 
Universities of Florida, Miami, and Texas; and many compa-
nies including CAE-Link,    MedSim-Eagle, Gaumard, 
Simbionix, Laerdal, Bausch & Lomb, Critikon, and 
Dragerwerk Aktiengesellschaft. 

 The opening argument for the patent may be the  fi rst doc-
umented discussion of using simulation to improve medical 
education and promote patient safety: “It has been consid-
ered possible to improve the ef fi cacy of medical training and 
to reduce the potential hazards involved in the use of live 
patients during the teaching process by means of simulation 
techniques to teach medical skills.” 

 The mannequin used for Sim One was an original con-
struction and not a repurposed low- fi delity model. The man-
nequin was open at the back and bolted to the operating table 
to accommodate electric and pneumatic hardware. 
Interestingly the patent asserted that “mannequin portability 
is neither necessary nor desirable,” a concept that was ulti-
mately contradicted in the evolution of mannequin-based 
simulation. 

 There were a number of features in Sim One that are 
found in current high- fi delity mannequins. The mannequin 
could breathe “normally.” The virtual left lung had a single 
lobe while the right had two. The lower right lobe contained 
two-thirds of the right lung volume. Temporal and carotid 
arteries pulses were palpable. Heart sounds were present. 
Blood pressure could be taken in the right arm, and drugs 
injected in the left via a coded needle that would extrapolate 
drug concentration. Ten drugs were programmed in the sim-
ulator including thiopental, succinylcholine, ephedrine, 
medical gases, and anesthetic vapors. Not only did the eye-
lids open and close but the closing tension was variable. 
Pupils were also reactive to light in a continuous fashion. 
The aryepiglottic folds could open and close to simulate lar-
yngospasm. Similar to the early versions of Harvey®, The 
Cardiopulmonary Patient Simulator, Resusci Annie®, and 
PatSim, the mannequin did not extend below the hips. 

 Some of its capabilities have not yet been reproduced by 
modern mannequins. This mannequin could simulate vomit-
ing, bucking, and fasciculations. In addition to eye opening, 
the eyebrows wrinkled. They moved downward with eye 
closing but upward with forehead wrinkling. Sophisticated 
sensors gauged endotracheal tube placement, proper mask  fi t 

(through magnets), and lip pinching. The jaw would open 
and close with slight extension of the tongue upon jaw open-
ing. The jaw was spring loaded with a baseline force of 
2–3 lb and capable of exerting a maximum biting force of 
10–15 lb. A piano wire changed the position of the epiglottis 
when a laryngoscope was inserted. Sensors in the airway 
could also detect endobronchial intubation and proper endo-
tracheal tube cuff in fl ation. Cyanosis was visible diffusely 
both on the face and torso and in the mouth. The color change 
was continuous from pink to blue to gray. Cyanosis was most 
rapidly visible on the earlobes and mucus membranes. 

 The project received a great deal of publicity. It was 
prominently featured by Time, Newsweek, and Life maga-
zines. CBS news with Walter Cronkite interviewed Dr. 
Abrahamson. In 1969, the USC collaborators published two 
papers featuring Sim One. The  fi rst was a simple description 
of the technology  [  38  ] . The second paper described a pro-
spective trial comparing acquisition of skill in endotracheal 
intubation by new anesthesia residents with and without 
simulation training. Mastery of this routine anesthesia pro-
cedure was achieved more rapidly by simulation trainees 
than controls  [  39  ] . Large interindividual variability and 
small sample size prevented portions of the results from 
achieving statistical signi fi cance. This article was rereleased 
in 2004 as a classic paper  [  40  ] . 

 Considering the computing power of the day, it is impres-
sive what this mannequin could do from a commercial com-
puter model circa 1968. Sim One was lauded by some but 
was discounted by many despite this success, a theme com-
mon to most disruptive technology. Sim One was used to 
train more than 1,000 healthcare professionals before its 
“death” in 1975, as parts wore out and couldn’t be replaced 
 [  31  ] . Abrahamson’s forecast of mastery education and 
endorsement of standardized patients were equally vision-
ary. His essays detail some of the obstacles, biases, and frus-
trations that the truly farsighted encounter. In the end, Sim 
One was likely too far ahead of its time.  

   The Legacy of Howard S. Barrows, MD 

 Howards Barrows is credited with two major innovations in 
medical education: standardized patients and the problem-
based learning discussion (PBLD)  [  41,   42  ] . Both are now 
commonplace types of simulation. He completed his resi-
dency in neurology at Columbia and was in fl uenced by 
Professor David Seegal, who observed each medical student 
on his service perform a complete patient examination  [  43  ] . 
This was considered rare in 1960. In that year, he joined the 
faculty at USC. Early in his career, he developed a passion 
for medical education that was in fl uenced by attending one 
of the Project Medical Education Seminars hosted by Stephen 
Abrahamson. 



10 K. Rosen

 Several unrelated events stimulated the birth of the  fi rst 
“programmed patient.”    Sam, a patient with syringomyelia for 
the National Board of Neurology and Psychiatry exam, related 
to Barrows that he was treated roughly by an examiner, so he 
falsi fi ed his Babinski re fl ex and sensory  fi ndings as repayment 
 [  44  ] . Stephen Abrahamson joined USC in 1962 and gave 
Barrows 8-mm single-concept  fi lm cartridges to document 
and teach the neurologic exam. Barrows hired Rose 
McWilliams, an artist’s model, for the  fi lm lessons. He wanted 
an objective way to assess medical students’ performance at 
the end of their neurology clerkship. As a result in 1963, he 
developed the  fi rst standardized patient case dubbed Patty 
Dugger. He taught Rose to portray a  fi ctionalized version of a 
real patient with multiple sclerosis and paraplegia. He even 
constructed a checklist for Rose to complete. While Barrows 
was passionate about the technique, his critics far outnum-
bered the supporters, especially at USC. Standardized patients 
were discounted as “too Hollywood” and “detrimental to med-
ical education by maligning its dignity with actors”  [  32,   44  ] . 

 In spite of widespread criticism, Barrows persisted in 
using standardized patients (SPs) because he thought that it 
was valuable to grade students on actual performance with 
“patients” instead of the grooming or manners displayed to 
preceptors. He and coauthor Abrahamson published their 
experience in a landmark article  [  45  ] . Initially, they called 
the patient actors “programmed patients.” Other terms used 
to describe early SPs are patient instructor, patient educator, 
professional patient, surrogate patient, and teaching associ-
ate. Barrows left to a more supportive environment, the brand 
new McMaster University, in 1971. He began working with 
nurse Robyn Tamblyn at McMaster. She transitioned from 
SP to writing her doctoral thesis about the SP education 
method and would later play a role in the development of the 
SP portion of the Canadian licensing exam. 

 In the 1970s Barrow’s major project was to serve as 
founding faculty of McMaster University Medical School, 
the  fi rst school to employ an entirely PBLD based curricu-
lum. During this time period, Barrows received support from 
the American Medical Association (AMA) to use SPs for 
continuing education seminars titled “Bedside Clinics in 
Neurology.” The SPs not only portrayed neurology patients 
but also conference attendees to help challenge and prepare 
the faculty  [  46  ] . Another early supporter of the SP programs 
for medical schools was Dr. Hilliard Jason. He established 
the standardized patient program at Michigan State University 
after seeing a Patty Dugger demonstration at a conference. 
He developed four cases of dif fi cult patients who presented 
social challenges in addition to medical problems. Jason 
advanced the concept with the addition of video recording of 
the interaction. 

 Barrows relocated once again to Southern Illinois 
University in 1981. There, his SP programs progressed from 
education and evaluation tools to motivations for curricular 

reform. The Josiah Macy Foundation provided critical support 
over the next two decades to complete the transition of SP 
methodology from Barrow’s soapbox to the national standard 
for medical education and evaluation. Stephen Abrahamson 
was the recipient of a 1987 grant to develop education sessions 
for medical school deans and administrators and in the 1990s 
the Macy foundation supported the development of consortia 
exploring the use of SPs for high-stakes assessment. 

 Despite the early struggles, the goal to design and use 
national Clinical Performance Exams (CPX) was ultimately 
achieved. By 1993, 111 of 138 US medical schools were 
using standardized patients and 39 of them had incorporated 
a high-stakes exam  [  43  ] . The Medical Council of Canada 
launched the  fi rst national CPX in 1993. The Educational 
Commission for Foreign Medical Graduates (ECFMG) 
adopted their CPX in 1994 followed by the United Kingdom’s 
   Professional Linguistics Assessment Board in 1998. Finally 
in 2004, USMLE Step II Clinical Skills Exam became an 
of fi cial part of the US National Board of Medical Examiners 
licensing exam  [  47  ] .  

   The Legacy of Ellison C. (Jeep) Pierce, MD 

 The Anesthesia Patient Safety Foundation (APSF) was the 
 fi rst organization to study and strive for safety in healthcare. 
The APSF recognizes Dr. Ellison (Jeep) Pierce as its found-
ing leader and a true visionary whose work would profoundly 
affect the future of all healthcare disciplines. “Patients as 
well as providers perpetually owe Dr. Pierce a great debt of 
gratitude, for Jeep Pierce was the pioneering patient safety 
leader”  [  48  ] . Pierce’s mission to eliminate anesthesia-related 
mortality was successful in large part because of his skills, 
vision, character, and passion, but a small part was related to 
Abrahamson’s formula for success which John Eichhorn 
described in the APSF Newsletter as an original serendipi-
tous coincidence  [  49  ] . His training in anesthesia began in 
1954, the same year that the  fi rst and highly controversial 
paper describing anesthesia-related mortality was published 
 [  50  ] . This no doubt prompted much of his later actions. 
Would the same outcome have occurred if he remained in 
surgical training and not gone to the University of 
Pennsylvania to pursue anesthesia training? What if he didn’t 
land in Boston working for Dr. Leroy Vandam at Peter Bent 
Brigham Hospital? Would another faculty member assigned 
the resident lecture topic of “Anesthesia Accidents” in 1962 
have had the same global impact  [  50  ] ? 

 Two Bostonian contemporary colleagues from the 
Massachusetts General Hospital, Arthur Keats and Jeffrey 
Cooper, challenged the 1954 conclusions of Beecher and 
Todd in the 1970s. Dr. Keats questioned the assignment of 
blame for anesthesia mortality to one individual of a group 
when three complex and interrelated variables (anesthesia, 
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surgery, and patient condition) coexist  [  51  ] . Dr. Cooper 
stoked the anesthesia mortality controversy by suggesting 
that the process of errors needed to be studied, not mortality 
rates. His landmark paper applied critical incident analysis 
from military aviation to anesthesia  [  52  ] . Most of the critical 
events discovered were labeled “near misses.” Cooper’s 
group followed up with a multi-institutional prospective 
study of error, based on data learned from the retrospective 
analysis at their hospital  [  53,   54  ] . Pierce’s department was 
one of the four initial collaborators. Many safety features of 
modern anesthesia machines can be traced to incidents 
described in these reports. Collection of this type of informa-
tion would  fi nally become a national initiative almost 
30 years later with the formation of the Anesthesia Quality 
Institute (AQI). The AQI was chartered by the ASA House of 
Delegates in Oct 2008  [  55  ] . Its central purpose is to collect 
and distribute data about clinical outcomes in anesthesiology 
through the National Anesthesia Clinical Outcomes Registry 
(NACOR). 

 By 1982, Pierce had advanced to the position of  fi rst vice 
president of the American Society of Anesthesiologists 
(ASA). Public interest in anesthesia safety exploded with the 
April 22 airing of the 20/20 television segment titled “Deep 
Sleep, 6,000 Will Die or Suffer Brain Damage.” His immedi-
ate response was to establish the ASA Committee on Patient 
Safety and Risk Management. One accomplishment of this 
committee was the production of educational patient safety 
videotapes. 

 Dr. Pierce continued his efforts in the  fi eld of patient 
safety after becoming ASA president. He recognized that an 
independent entity was necessary because a global and mul-
tidisciplinary composition essential to a comprehensive 
safety enterprise was not compatible with ASA structure and 
regulations. In 1984, Pierce hosted the International 
Symposium on Anesthesia Morbidity and Mortality with 
Jeffrey Cooper and Richard Kitz. The major product of this 
meeting was the foundation of the APSF in 1985 with Pierce 
as its  fi rst leader. The APSF provided signi fi cant help to the 
simulation pioneers of the 1980s. One of the four inaugural 

APSF research grants was awarded to David Gaba, MD, and 
titled “Evaluation of Anesthesiologist Problem Solving 
Using Realistic Simulations”  [  50  ] . The APSF also organized 
and held the  fi rst simulation meeting in 1988 and a simula-
tion curriculum meeting in 1989. The second signi fi cant 
product of this inaugural meeting was the start of the 
Anesthesia Closed Claims Project the following year  [  56  ] . 
Pierce was instrumental in persuading malpractice carriers to 
open their  fi les for study. Early reports from this project 
spurred the adoption of respiratory monitoring as part of 
national standard  [  57  ] . 

 Dr. Pierce was asked to present the 34th annual Rovenstine 
lecture at the annual ASA meeting in 1995. He titled that 
speech “40 Years Behind the Mask: Safety Revisited.” He 
concluded the talk with this admonition: “Patient Safety is 
not a fad. It is not a preoccupation of the past. It is not an 
objective that has been ful fi lled or a problem that has been 
solved. Patient safety is an ongoing necessity. It must be sus-
tained by research, training, and daily application in the 
workplace”  [  50  ] . He acknowledged that economic pressures 
would bring a new era of threats to safety through production 
pressure and cost containment. His vision of the APSF as an 
agency that focuses on education and advocacy for patient 
safety endures, pursuing the goal that “no patient shall be 
harmed by anesthesia.”   

   A Partial History of Partial Task Trainers 
and Partial Mannequins 

 The development and proliferation of medical task trainers is 
not as well chronicled in the medical literature as it is for 
high- fi delity simulators. The number of words devoted to 
each device re fl ects the amount of public information avail-
able about the products not their successes and value in med-
ical education. The current vendors are summarized in 
Table  2.1 . In part the military and World War II can be cred-
ited for an accelerated use and development of plastic and 
synthetic materials that are fundamental to the development 

 Company  Country of origin  Classic products  Founding date 

 Partial task trainer manufacturers 

 3B Scienti fi c  Germany  Various  1948 
 Adam Rouilly  UK  Various  1918 
 Cardionics  USA  Auscultation simulator 
 Gaumard Scienti fi c  USA  Birthing simulators  1949 
 Laerdal  Norway  Resusci Annie and family  1940s 
 Limbs and Things  UK  Various  1990 
 Schallware  Germany  Ultrasound 
 Simulab  USA  Various  1994 
 SOMSO Modelle  Germany  Various  1876 

 Table 2.1    Partial task trainer 
vendors  
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of the current industry. Some of the vendors eventually 
 transitioned to the manufacture of full-scale mannequins or 
haptic surgical trainers.  

   Adam Rouilly 

 Adam Rouilly was founded in London in 1918 by Mr. Adam 
and Monsieur Guy Rouilly  [  58  ] . The initial purpose of the 
business was to provide real human skeletons for medical edu-
cation. M. Rouilly stated a preference for the quality of SOMSO 
(an anatomic model company founded 1876 in Sonneberg) 
products as early as 1927. These models are still commercially 
available today from Holt Medical. Their models were the only 
ones distributed by Adam Rouilly. The Bedford nursing doll 
was the result of collaboration between M. Rouilly and Miss 
Bedford, a London nursing instructor. This 1931 doll was life 
size with jointed limbs, a paper-mache head, real hair, and real-
istic glass eyes. This fabric model would be replaced by more 
realistic and durable plastic ones in the 1950s. In 1980, they 
launched the Infusion Arm Trainer for military training.  

   Gaumard Scienti fi c 

 The British surgeon who founded Gaumard Scienti fi c had 
experience with new plastic materials from the battle fi eld 
 [  59,   60  ] . In 1946, he discovered a peacetime use for them in 
the construction of task trainers, beginning with a skeleton. 
Gaumard released their  fi rst birthing simulator, the trans-
parent obstetric phantom, in 1949. The product line was 
expanded in 1955 to include other human and animal 3D 
anatomic models. Their rescue breathing and cardiac mas-
sage mannequin debuted in 1960. It featured an IV arm, GU 
catheterization, and colonic irrigation. Their 1970 female 
nursing simulator added dilating pupils. Additional GYN 
simulators were added in 1975–1990 for basic physical 
exam, endoscopy, and laparoscopic surgery. In 2000, 
Gaumard entered the arena of full-scale electronic manne-
quin simulators with the birth of Noelle®. Although 
Gaumard offers a varied product line, their origin and 
unique niche centers on the female reproductive system 
(see Table  2.2 ).    

   Table 2.2    Evolution of mannequin simulation   

 CAE-Link  Gaumard  Laerdal  METI  Other 

 1960     Resusci Annie® 
 1967  Sim One 
 1968  Harvey® 
 1986  CASE 0.5 
 1988  CASE 1.2  GAS 
 1990  PatSim 
 1992  CAE-Link  Leiden 
 1993  Sophus 
 1994  Loral-GAS  ACCESS 
 1995  CASE 2.0  Code Blue III ® 
 1996  METI HPS® 
 1997  MedSim-Eagle 
 1999  UltraSim®  PediaSim® 
 2000  Noelle®  SimMan® 

 Noelle® S560 
 2001  ECS®  TraumaMan® 
 2002  PEDI® 
 2003  Premie  ExanSim® 
 2004  HAL® S3000  BabySim® 
 2005 
 2006  Noelle® S555 and S565  SimBaby® 
 2007  Noelle® S575  iStan 
 2008  PediatricHAL®  SimMan 3G® 

 PremieHAL® 
 2009  SimNewB®  METIMan® 

 ALS 
 PROMPT® 

 2010  Susie® S2000 
 2011  Acquires METI  HAL® S3201, S1030, and S1020  MamaNatalie®  iStan 2® 

 BabyNatalie® 
 SimJunior® 
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   Harvey®: The Cardiopulmonary Patient 
Simulator 

 Harvey® debuted at the University of Miami in 1968. 
Dr. Michael Gordon’s group received two early patents for 
the Cardiac Training Mannequin. Gordon named the man-
nequin after his mentor at Georgetown, Dr. W. Proctor 
Harvey.    Harvey was recognized as a master-teacher-clinician 
and received the James B. Herrick Award from the American 
Heart Association  [  61  ] .    The  fi rst Harvey was patent # 
3,662,076 which was entered on April 22, 1970 and granted 
on May 9, 1972  [  62  ] . The arguments for the device included 
the haphazard and incomplete training afforded by reliance 
on patient encounters. The inventors desired to provide supe-
rior and predictable training with a realistic mannequin that 
could display cardiac diseases on command. Students could 
assess heart beat, pulses, and respirations. Multiple pulse 
locations were incorporated at clinically important locations 
including right ventricle, left ventricle, aorta, pulmonary 
artery, carotids, and jugular vein. Audible heart sounds were 
synchronized with the pulses. Michael Poylo received a sep-
arate patent 3,665,087 for the interactive audio system on 
May 23, 1972  [  63  ] . A description of the development of the 
“Cardiology Patient Simulator” appeared in  The American 
Journal of Cardiology  a few months after the patent was 
issued  [  64  ] . Normal and abnormal respiratory patterns were 
later integrated. 

 The second Harvey was patent # 3,947,974 which was sub-
mitted on May 23, 1974 and granted on April 6, 1976  [  65  ] . 
This patent improved the auscultation system and added a 
blood pressure measurement system. A special stethoscope 
with a magnetic head activated reed switches to initiate tape 
loops of heart sounds related to the stethoscope location. A rep-
resentation of 50 disease states, natural aging, and papillary 
reaction was proposed. Six academic centers in addition to the 
University of Miami participated in the early testing of this 
simulator. Their experience with the renamed Harvey® simula-
tor was reported in 1980  [  66  ] . An early study documented the 
ef fi cacy of Harvey® as a training tool. Harvey® would be pro-
gressively re fi ned and improved over the next three decades. 
The impact of a supplemental comprehensive computer-based 
instructional curriculum, UMedic, was  fi rst described in 1990 
 [  67  ] . Harvey’s most recent patent was granted on Jan 8, 2008 
 [  68  ] . The Michael S. Gordon Center for Research in Medical 
Education asserts that “Harvey® is the oldest continuous uni-
versity-based simulation project in medical education”  [  69  ] . 
The current Harvey® Cardiopulmonary Patient Simulator is 
available from Laerdal. 

   The Laerdal Company 

 The Laerdal company was founded in the 1940s by Asmund 
S. Laerdal  [  70  ] . Initially their products included greeting 

cards, children’s books, wooden and later plastic toys and 
dolls. In 1958, Laerdal became interested in the process of 
resuscitation after being approached by two anesthesiolo-
gists, Dr. Bjorn Lind and Dr. Peter Safar, to build a tool for 
the practice of airway and resuscitation skills  [  71  ] . Laerdal 
developed the  fi rst doll designed to practice mouth-to-mouth 
resuscitation that would become known worldwide as 
Resusci Annie. The inspiration for Resusci Annie’s face 
came from a famous European death mask of a young girl 
who drowned in the Seine in the 1890s. When Resusci Annie 
was launched commercially in 1960, Laerdal also changed 
the company logo to the current recognizable image of the 
Good Samaritan to re fl ect the transition of Laerdal’s focus 
and mission. The Laerdal company expanded their repertoire 
of resuscitation devices and trainers for the next 40 years. 
More sophisticated Resusci Annies were sequentially added 
to the line including Recording Resusci Annie, Skillmeter 
Resusci Annie, and the smaller personal-sized Mini Annie. 
The Laerdal Foundation for Acute Medicine was founded in 
1980 to provide funds for research related to resuscitation. In 
2000, Laerdal purchased Medical Plastics Laboratories and 
entered the arena of full-scale computerized simulation with 
the launch of SimMan®.  

   Limbs and Things 

 Margot Cooper, a medical illustrator from the UK, founded 
Limbs and Things in 1990  [  72  ] . The company’s  fi rst prod-
ucts were dynamic models of the spine and foot. Their  fi rst 
soft tissue models were launched the following year. Their 
 fi rst joint injection model (the shoulder) and their  fi rst hyst-
eroscopy simulator debuted in 1992. The following year, 
Limbs and Things was granted its  fi rst patent for simulated 
skin and its method of casting the synthetic into shapes. In 
1994, Dr. Roger Kneebone  fi rst demonstrated Limbs and 
Things products at a meeting of the Royal College of 
General Practitioners (RCGP) in London. That same year, 
the Bodyform laparoscopic trainer debuted and the com-
pany received its  fi rst Frank H. Netter Award for contribu-
tions to medical education. In 1997 Limbs and Things 
entered the realm of surgical simulation and progressively 
expanded their product line to include a complete basic sur-
gical skills course package. A 1999 award-winning surgical 
trainer featured a pulsatile heart. The PROMPT® birthing 
simulator and training course  fi rst appeared in 2006 and was 
recognized with the company’s second Netter Award in 
2009. The Huddleston ankle/foot nerve block trainer was 
introduced in 2010. 

 There are four additional companies that design and man-
ufacture medical trainers for which minimal historical data is 
publically available. Simulab Corporation was founded in 
1994. It offers a large variety of trainers and simulators. Its 
best-known product, TraumaMan®,  fi rst appeared in 2001. It 
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was quickly adopted as the standard for training in the 
national Advanced Trauma Life Support course replacing 
live animals. Cardionics markets itself as the “leader in aus-
cultation.” They offer digital heart and breath sound trainers 
and the Student Auscultation Mannequin (SAM II). SAM II 
is an integrated torso for auscultation using the student’s own 
stethoscope. 

 Two smaller German companies are gaining notoriety for 
their trainer development. The modern 3B corporation was 
founded in 1948 in Hamburg by three members of the 
Binhold family. In 1993, 3B Scienti fi c Europe acquired one 
of its predecessors known for manufacturing medical train-
ers for almost 200 years ago in Budapest, Hungary. The com-
pany transitioned into the world of simulation in 1997, and 
globalization is well underway. The newer Schallware com-
pany produces ultrasound training simulators. They offer 
three partial mannequins for imaging the abdomen, the preg-
nant uterus, and the heart.   

   The History of Mannequin Simulators or a Tale 
of Two Universities and Three Families 
of Mannequins 

 In the same time period that Dr. Barrows was revolutionizing 
medical education and evaluation and Dr. Cooper was inject-
ing principles of critical incidents and human factors into the 
discussions of anesthesia safety, Dr. N. Ty Smith and Dr. 
Yasuhiro Fukui began to develop computer models of human 
physiology and pharmacodynamics. The  fi rst drug they mod-
eled was the uptake and distribution of halothane. This early 

model used 18 compartments and 88 equations  [  73  ] . The 
effect of ventilation mode and CO 

2
  was studied in a second 

paper  [  74  ] . Addition of a clinical content and interface 
accompanied the modeling of nitroprusside  [  75  ] . These mod-
els were the basis for three future commercial simulation 
projects. Drs. Smith and Sebald described Sleeper in 1989 
 [  76  ] . This product would evolve into body simulation prod-
uct (BODY™) of the 1990s and beyond. 

 Dr. Schwid, one of Dr. Smith’s fellows    from UCSD, 
would simplify the models so that they could run on a small 
personal computer. An abstract from their 1986 collabora-
tion describes the  fi rst software-based complete anesthesia 
simulator  [  77  ] . A crude graphic display of the anesthesia 
environment facilitated virtual anesthesia care. A more 
detailed report of this achievement appeared the next year in 
a computing journal not necessarily accessed by physicians 
 [  78  ] . Dr. Schwid introduced the precursor of the Anesoft line 
of software products, the Anesthesia Simulator Consultant 
(ASC), also in 1989. Early experience with ASC documented 
the ef fi cacy of this tool for practicing critical incident man-
agement  [  79–  81  ] . A detailed product review recommended 
the costly software but stated there were some dif fi culties 
with navigation and there was room for improvement of real-
ism  [  82  ] . A review of Schwid’s second product, the Critical 
Care Simulator, was not so  fl attering. The reviewer described 
many de fi ciencies and concluded that only the very inexperi-
enced would  fi nd any bene fi t. He recommended that experi-
enced doctors would get more value from the study of 
traditional textbooks  [  83  ] . Today the Anesthesia Simulator 
and the Critical Care Simulator are two of ten products 
offered by Anesoft, and over 400,000 units have been sold. 

  Pioneers and Pro fi les: 
A Personal Memoir by Howard A. Schwid 

 When I was 12 years old, an episode of the TV series 
Mission Impossible had a profound effect on me. In this 
episode the IMF team made a leader of a foreign coun-
try believe he was on a moving train by putting him in a 
train car-sized box that rocked back and forth, had mov-
ies of scenery playing through glass panels on the sides 
of the box, and had the appropriate sound effects. It was 
amazing to me that it was possible to create an arti fi cial 
environment so real that someone would believe that 
they were in a moving train when in fact they were in a 
box in a warehouse. I was hooked on simulation. 

 A year later, one of the presents I received for my Bar 
Mitzvah was a radio kit. The kit contained three transis-
tors, an inductor, and dozens of resistors and capacitors. 

I was fascinated by the concept that a bunch of inert com-
ponents could be assembled into something that produced 
music and voices. I hoped to someday learn more about 
how it worked.  

 I was lucky to attend a high school in Glendale, 
Wisconsin, that offered computer programming. In 1972 
I took my  fi rst programming course via modem time-
share access to an early computer, the    PDP 11. I quickly 
became lost in the possibilities. A friend and I spent an 
entire year teaching a computer to become unbeatable at 
Qubic, a four-in-a-row three-dimensional tic-tac-toe 
game. We didn’t know the jargon but we were working on 
the fundamentals of arti fi cial intelligence. Qubic wasn’t 
quite as glamorous as chess but we learned a lot about 
representing and manipulating data to mimic logical 
thought processes. One teacher encouraged our efforts, 
providing us with access to the locked computer room on 
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weekends. I had to hide the Qubic program from my par-
ents because they thought game programming was a waste 
of time. 

 In 1974, I entered college at the University of 
Wisconsin–Madison; I was interested in biomedical 
engineering. At that time biomedical engineers had to 
choose electrical, mechanical, or chemical engineering 
for undergraduate studies. I chose electrical engineering 
because of my initial fascination with that radio kit and 
my interest in computers. I also took the required pre-
med courses along with the engineering courses in case 
I decided to go to medical school. While my engineering 
friends took electives like geography, I took organic 
chemistry. And while my premed friends took the easi-
est electives they could  fi nd, I took electromagnetic 
 fi elds and systems control theory. This is de fi nitely not 
the easiest way to earn a GPA high enough to get into 
medical school. 

 Two college courses really stand out as having a for-
mative effect on my career. The  fi rst was Nerve and 
Muscle Models taught by C. Daniel Geisler. I was fasci-
nated with using the same electrical components I studied 
in electrical engineering to represent conduction of action 
potentials in axons. Since Professor Geisler was an audi-
tory physiologist, we also covered mathematical descrip-
tions of the motion of the cochlear membrane. The second 
course was Mathematical Models of Cardiovascular 
Physiology taught by Vincent Rideout. In this course we 
programmed a hybrid analog-digital computer to repre-
sent pressures and  fl ows in the cardiovascular system. 
Much of the course was based on the multiple modeling 
method of Yasuhiro Fukui. 

 As a senior in college, I worked under Professor Geisler 
re fi ning a model of transmission from inner ear hair cell 
motion to  fi ring of action potentials in cochlear nerve 
 fi bers. In theory better understanding of the nonlinear 
properties of transduction could lead to improved design 
of cochlear implants. This project involved  fi ne-tuning of 
model parameters to match observed physiological data, a 
skill I would later put to use. 

 I worked a couple summers as a junior electrical engi-
neer designing  fi lters for electronic music keyboards. The 
work was interesting, but I couldn’t see myself working as 
an engineer for the rest of my career, so I applied to medical 
school. During the application process, one  interview stands 
out. The interviewer explained to me that an electrical and 
computer engineer had no business going to medical school 
because computers had nothing to offer in medicine. I wish 
I had been better prepared to defend myself. 

 Fortunately other interviewers were more open-
minded, and ultimately I was accepted to several medical 

schools. I decided to stay in Madison in order to continue 
work on the auditory physiology project. The  fi rst semes-
ter of medical school was especially dif fi cult for me. 
Although I had taken all the prerequisite courses, electri-
cal engineering had not prepared me well for medical 
school which required a completely different set of skills. 
To do well on tests, engineering required memorization of 
only a few key equations but a thorough understanding of 
the fundamental principles underlying the equations. The 
preclinical years of medical school, in contrast, empha-
sized memorization of large amounts of information, a 
skill I needed to quickly develop. Also, I felt I had learned 
the principles of cardiovascular physiology better in my 
engineering classes than in medical school physiology 
class. In the hybrid computer lab, we could actively 
manipulate heart rate, preload, afterload, and contractility 
and observe the results on blood pressures and  fl ow. In 
medical school those same principles were addressed in 
lectures and a 2-hour dog lab where the professor demon-
strated some of these principles which was unsatisfying 
by comparison. I thought it would be more useful and 
engaging for medical students to run their own experi-
ments on a computer using a mathematical model of the 
cardiovascular system rather than passively observing a 
dog lab in a lecture hall. 

 Third year of medical school was the beginning of the 
clinical years. My  fi rst clinical rotation was cardiac sur-
gery where I observed my  fi rst patient with an indwelling 
pulmonary artery catheter. I thought this is what medicine 
is all about: measure the complete status of the patient, 
manipulate the physiology, and  fi x the problem. I was still 
that naïve engineering student. Over the next few rota-
tions, it became clear that things were more complicated. 
Physicians are seldom able to measure everything and are 
often unable to  fi x the problem. 

 Like all third-year students, I was trying to decide in 
a very short period of time and with very little informa-
tion what area of medicine to pursue in residency. 
Otolaryngology may have allowed me to continue work 
on the auditory system, but I didn’t have steady enough 
hands for delicate surgery. I found internal medicine 
unsatisfying because patients were often sent home with 
a medication for a problem and may not have follow-up 
for months. I wanted immediate feedback since my con-
trol theory class proved that delays make control 
dif fi cult. 

 Fortunately for me, anesthesiology was a required rota-
tion for all medical students at the University of Wisconsin 
which was not the case at other medical schools. Monitors, 
dials, infusions, multiple physiologic systems, pharmacol-
ogy, and immediate feedback, I immediately recognized 
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that I had found my place. I also discovered Eger’s uptake 
and distribution, an area of medicine that could be 
described by a set of mathematical equations. 

 As an added bonus, I learned that Professor Rideout 
had built a uniquely close relationship between the 
University of Wisconsin Department of Electrical 
and Computer Engineering and the Department of 
Anesthesiology through Ben Rusy. In 1982, as a senior in 
medical school, I was able to start an independent study 
month developing a digital computer model, written in 
Fortran, of uptake and distribution of inhalation agents 
based on previous hybrid computer models of Yasuhiro 
Fukui and N. Ty Smith. Soon after, I became an anesthe-
siology resident at the University of Wisconsin, enabling 
me to continue to work on the model with Rideout and 
Rusy. By the end of residency, the model contained many 
of the important factors and interactions essential to deliv-
ering anesthesia: cardiovascular system with beating 
heart,  fl owing blood and control, respiratory system with 
gas exchange and control, and pharmacokinetics and 
dynamics of inhalation and intravenous agents. The model 
was the simulation engine capable of reasonably predict-
ing simulated patient response to administration of anes-
thetic agents in a variety of pathophysiological conditions. 
Like the old Mission Impossible episode, the next step 
was to build the train car. 

 Professor Rideout introduced me to N. Ty Smith, the 
visionary anesthesiologist that added inhalation anesthet-
ics to the Fukui cardiovascular model. In 1985, after com-
pleting my anesthesiology residency, I became Ty Smith’s 
fellow at UCSD. We immediately started working with 
Rediffusion Simulation Incorporated, a  fl ight simulator 
company that wanted to test the market for medical simu-
lators. In the  fi rst months of my fellowship, I worked 
closely with Charles Wakeland of Rediffusion. We rewrote 
the physiologic-pharmacologic model in C++ and built a 
graphical user interface on a Sun workstation with an ani-
mated patient and physiological monitor. We created four 
case scenarios to demonstrate the simulator’s capabilities. 
The simulator was awarded Best Instructional Exhibit at 
the 1985 New York State Society of Anesthesiologists 
Postgraduate Assembly. 

 To my knowledge, Rediffusion did not pursue medical 
simulation despite the warm reception to our prototype. 
During my fellowship year, I interviewed for full-time 
faculty positions which would allow me to continue the 
development of medical simulation. I met with the chairs 
of several highly respected academic anesthesiology 
departments. Most believed there was no future in medi-
cal simulation, and some even went so far as to counsel 
me to do something else with my career. Tom Hornbein, 

chair of the University of Washington Department of 
Anesthesiology and the  fi rst climber along with his part-
ner to conquer the West Ridge of Mount Everest, explained 
that my chosen academic career path was riskier than 
many of the faculty he hired, but he agreed to give me a 
chance. I didn’t see much risk because building the simu-
lator was the main goal of my academic career. If I failed 
in this career path, I could have switched to private prac-
tice anesthesiology. Earlier that year, Charles Wakeland 
observed that I had the “fatal fascination”: that I could not 
stop working on this project, no matter what the conse-
quences. He was right. Luckily I had a supportive wife 
who also understood that I needed to complete the proj-
ect. The difference in salary between academics and pri-
vate practice was acceptable since academic practice 
would provide nonclinical time to get this idea out of my 
head. 

 In 1986 I became a full-time faculty member of the 
University of Washington. My research time was devoted 
to continuing development of the simulation program. 
I viewed long-term funding as the biggest hurdle. At that 
time I was unable to  fi nd any grants for medical simulation 
so I decided to generate money the old-fashioned way—
earn it. Since I wanted to build a useful product, I would 
have the marketplace validate the signi fi cance of the proj-
ect through sales of the  fi nal product. I decided to form a 
company which would market and sell my simulation pro-
grams. The funds generated would be used for further 
development. Discussions with my chair and the University 
of Washington Of fi ce of Technology Transfer were suc-
cessful, and Anesoft Corporation was formed in 1987. 

 As it turned out, the prototype anesthesia simulator 
built with Rediffusion was not being used due to the large 
expense of Sun workstations. My next goal was to make 
the anesthesia simulator program work on existing per-
sonal computers with no added hardware, making it more 
affordable and opening it up to a wider audience. Anesoft 
initially started selling three educational programs for 
cardiovascular physiology and hemodynamic monitoring 
and operated under DOS. By 1988, with sales of Anesoft 
programs and the assistance of a grant from the Anesthesia 
Patient Safety Foundation, I was fortunate to be able to 
hire a programmer, Dan O’Donnell. Dan had just com-
pleted his master’s work in computer graphics and had a 
previous doctorate in mathematics. Dan was exactly what 
was needed for the project at that time. In the next few 
years, we were able to add many new features to the anes-
thesia simulator program including  fi nite-state machine 
programming to handle model discontinuities for critical 
incident simulation, automated case recording (Anesthesia 
Simulator-Recorder), and on-line help with automated 
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 Mannequins were under development in independent 
projects at two US universities in the late 1980s. Did the 
visionary developers from Stanford and the University of 
Florida at Gainesville realize that they were on the brink of 
launching disruptive technology and systems at that time? 
Now that healthcare simulation is past the tipping point, 
arguments for the noble cause of simulation are unnecessary. 
The developers of modern healthcare simulation recognized 
the power and potential of this new methodology decades 
before the general public. Dr. David Gaba reviewed the status 

of simulation in a 2004 article and delivers two possible ver-
sions of the future based on whether simulation actually 
reaches its tipping point  [  84  ] . See Table  2.2  for a timeline of 
the development of mannequin simulators. 

 In Northern California, the Comprehensive Anesthesia 
Simulation Environment (CASE) mannequin system proto-
type appeared in 1986 titled CASE 0.5. An updated version 
CASE 1.2 was used for training and research in 1987. This 1.2 
prototype used a stock mannequin torso “Eddie Endo” from 
Armstrong Industries. The CASE 1.2 added physiologic mon-

debrie fi ng and scoring (Anesthesia Simulator Consultant). 
Soon we dropped the word consultant and simply called 
the program Anesthesia Simulator. 

 In the early 1990s, sales of the Anesoft Anesthesia 
Simulator grew rapidly. The customer base was exactly 
the opposite of what we had expected. We thought medi-
cal schools would purchase the programs  fi rst, followed 
by residency training programs, followed by hospitals 
and individual anesthesiologists and nurse anesthetists. 
Interestingly, anesthesiologists and nurse anesthetists in 
private practice purchased the most copies. A number of 
hospitals purchased the software for their medical library 
for use by their clinicians, but few residency programs 
and even fewer medical schools made purchases. 

 Also in the early 1990s, another  fl ight simulator com-
pany, CAE-Link, became interested in testing the medical 
simulation market. They combined their engineering 
expertise with David Gaba’s CASE simulator from 
Stanford, some of our mathematical models, and Jeff 
Cooper’s insight into human factors and anesthesia criti-
cal incidents. The result was a prototype mannequin with 
breathing, pulses, and appropriate cardiorespiratory 
responses to administrated drugs and  fl uids. Our main 
concern was to distinguish our computerized mannequin 
from Sim One, the  fi rst computer-controlled, full-scale 
patient simulator, developed by Abrahamson and Denson 
in 1969. Sim One was technically quite sophisticated, but 
its purpose was stated to be improvement of anesthesiol-
ogy resident training concerning induction of anesthesia. 
We believed the reason that use of Sim One did not spread 
beyond its institution of development was that its stated 
scope of application was too narrow. We thought the 
broader purpose of training for the management of criti-
cal incidents would allow our simulator to succeed. We 
built the simulator with this purpose in mind. Ultimately 
the CAE-Link Patient Simulator lost out to the METI 
Human Patient Simulator originally developed by the 
team in Gainesville, Florida. 

 Meanwhile, Anesoft continues to grow with sales now 
totaling about 500,000 registered installations. The cur-
rent product line includes ten screen-based simulation 
programs covering a wide variety of medical specialties 
containing almost 200 cases in the library of prewritten 
case scenarios contributed by dozens of medical experts. 
The programs have been translated into multiple lan-
guages and are in use in almost every country in the world. 
Anesoft now develops and sells medical simulation pro-
grams for multiple platforms including Windows comput-
ers, Macintosh computers, iPhone, iPad, Android phones 
and tablets, and Windows phones. Many of the programs 
operate on the web and are compatible with institutional 
learning management systems. 

 There are several factors that have contributed to 
Anesoft’s success. First is the explosion of computer tech-
nology that has occurred since the company was formed in 
1987. Remember that IBM did not introduce the PC until 
1981. In 1987 it was still a fantasy to think that almost 
everyone would have a computer sitting on his desktop. In 
the 1990s came the internet with phenomenal growth of 
access to digital content. Now we are experiencing a tidal 
wave of mobile-computing capability with smartphones 
and tablets. The devices people now carry in their pockets 
are much more powerful than the desktop computers that 
ran our  fi rst version of the anesthesia simulator. 

 The second factor that contributed to Anesoft’s growth 
is the overall expansion of the interest in simulation in the 
healthcare community. The Institute of Medicine report 
“To Err is Human” showed that errors are common, 
emphasizing improved training for teamwork and patient 
safety. The report supported the idea that medical simula-
tion may reduce errors through improved training. 
Furthermore there are now new societies, journals, books, 
conferences, and even a few grants devoted to simulation 
in healthcare. It is a much better time to be in the health-
care simulation  fi eld than 1982 when I started working on 
the digital model of cardiovascular physiology. 
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  Pioneers and Pro fi les: 
A Personal Memoir by David Gaba 

 Over 26 years ago, I began my work on simulation in 
healthcare. The genesis of this work and its path may be of 
interest to some. I got into simulation from the standpoint of 
patient safety, not—initially—from the standpoint of edu-
cation. First, I had a background in biomedical engineering, 
but my interests in engineering school trended toward what 
I labeled (for my custom-created area of specialization) 
“high-level information processing.” This included studies 
in what then passed for “arti fi cial intelligence” (including 
learning 2 arcane programming languages LISP and 
SNOBOL) as well as a course in human factors engineer-
ing. I also realized that my interests in biomedical engineer-
ing focused more on the clinical aspects than on the 
engineering aspects. Hence, I con fi rmed my desire to go to 
medical school rather than pursue an engineering PhD. 
Anesthesia was a natural home for engineers in medicine. 
Nonetheless, my MD thesis research was on the adverse 
effects of electric countershock (e.g., de fi brillation) on the 

heart, and upon joining the faculty at Stanford, I quickly 
took up this same research thread in the animal lab. At the 
same time, I was interested in—like most anesthesiolo-
gists—how we could best safeguard our patients. The 
Anesthesia Patient Safety Foundation (APSF) was just 
being formed. In 1984 I read the book Normal Accidents 
[1] by Charles Perrow, who was the only social scientist (a 
Yale sociologist) on the Kemeny Commission that investi-
gated the Three Mile Island nuclear power plant accident. 
Out of this experience, Perrow developed a theory of how 
accidents emerged from the banal conditions of everyday 
operations, especially in industries that combined tight cou-
pling with complexity. As I read the book, with every turn 
of the page I said “this is just like anesthesia.” I had my 
research fellow Mary Maxwell, MD, and my lab medical 
student, Abe DeAnda, read the book, and we talked about 
it. From that came a seminal paper applying some of 
Perrow’s ideas and many of our own, to a discussion of 
Breaking the Chain of Accident Evolution in Anesthesia, 
published in 1987 in  Anesthesiology  [2]. Perrow had 
detailed many case studies of famous accidents, delineating 

itoring which had not been available on Sim One partly because 
monitoring was not yet standard in that era. The physiologic 
simulators of ECG, invasive blood pressure, temperature, and 
oximetry displayed patient data on a Marquette monitor. Eddie 
had been modi fi ed to demonstrate metabolic production of 
CO 

2.
  A mass spectrometer was used to measure output of CO 

2
  

from the lungs. The simulator had breath sounds and produced 
clinically relevant pressures when ventilated with the Ohmeda 
Modulus II® anesthesia machine. Noninvasive blood pressure 
was emulated on a Macintosh computer to resemble the output 
of a Datascope Accutorr. Urine output and  fl uid infusion were 
also shown with inexpensive catheter systems  [  85  ] . An essen-
tial characteristic of this project was the staging of exercises in 
a real operating room to mimic all facets of critical incidents 
 [  86  ] . A variety of conditions and challenges were scripted 
from non-life-threatening minor equipment failures or changes 
in physiology to major physiologic aberrations or even critical 
incidents. This prototype was considered to be inexpensive in 
comparison to  fl ight simulators, only $15,000. Many of the 
future applications of simulation in healthcare are accurately 
forecast by both Gaba and Gravenstein’s accompanying edito-
rials  [  86,   87  ] . They both acknowledge the power of the tech-
nology and the high cost of training. They predicted that 
personnel effort will cost much more over time than the initial 
investment in hardware and software. 

 Twenty-two residents and/or medical students partici-
pated in CASE 1.2 training exercises in this initial study 

 [  88  ] . Seventeen of 72 returned feedback about the experi-
ence. They rated the experience on a scale of 1–10 for real-
ism. Items scored included case presentation, anesthesia 
equipment, instrument readings, response to drug adminis-
tration, physiologic responses, simulated critical incidents, 
and mannequin. Most items received scores between 8 and 
9 except for the mannequin. They downgraded the manne-
quin to 4.4 overall for being cold, monotone in color, lack-
ing heart sounds, having no spontaneous ventilation/
dif fi cult mask ventilation, missing limbs, and therefore 
peripheral pulses. 

 The next generation of the Stanford’s    simulator CASE 2.0 
would incorporate physiologic models from the ASC and a 
full-body mannequin. Dr. Gaba’s interests in simulation, 
patient safety, human factors, and critical incident training 
converged when he took a sabbatical and brought CASE 2.0 
and his innovative Anesthesia Crisis Resource Management 
(ACRM) curriculum to Boston for a series of seminars with 
Harvard faculty. ACRM extracted principles of Aviation 
Crew (Cockpit) Resource Management to the management 
of critical medical incidents. The ACRM concept was pro-
gressively re fi ned and explained in detail in the 1994 text-
book titled  Crisis Management in Anesthesiology   [  89  ] . This 
collaboration led to the establishment of the  fi rst simulation 
center outside of a developing university in Boston in 1993. 
That early center in Boston has become the present-day 
Center for Medical Simulation (CMS)  [  90  ] . 
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the decisions made by the operators at various stages in the 
timeline. We were similarly interested in how anesthesiolo-
gists made decisions in the dynamic setting of the operating 
room. Working in the animal lab, we said, “hmm… maybe 
we can bring people here, make bad things happen [to the 
dog] and see how the anesthesiologists respond.” But we 
thought that this would be hard to control; animals weren’t 
cheap and it would take time to get them prepared for the 
experiments, and the animal rights people wouldn’t like it 
(although the animals would already be anesthetized and 
wouldn’t know a thing about it). So, we said “you know…. 
We need a simulator.” I was familiar with simulators in con-
cept from my love of aviation and space (I had audiotaped 
the TV coverage of all the Apollo missions). We looked 
around and there really were no simulators for anesthesia 
(not counting “Resusci Annie”). Without the Internet (in 
about 1985), it was dif fi cult for us to search older literature. 
Thus, we were completely unaware about the developments 
in the late 1960s of a mannequin-based simulator at USC—
Sim One—by Abrahamson and Denson [3, 4]. Since both 
Abe and I were engineers, instead of giving up we said, 
“well… maybe we can MAKE our own simulator.” So, in 
1985 that’s what we set out to do. 

 We knew that biomedical engineers had waveform 
generators they used to test monitors, so we borrowed 
one. And, because the modern pulse oximeter had been 
developed nearby by former and current Stanford anes-
thesia faculty, we were able to cadge an oximetry test 
“stimulator” from Nellcor. For the noninvasive blood 

pressure, we had no idea of how to stimulate such a 
device, so we opted to create a virtual device (programmed 
in APL on a Macintosh 512K computer) that appeared to 
perform the NIBP function (complete with clicks as the 
cuff pressure descended to a new plateau on the stepped 
de fl ation). This was fed data in string form (e.g., “S101/
D77/H75”) typed into a Compaq (“sewing machine” 
style) portable computer. We borrowed an Ambu intuba-
tion trainer (the one with a cutaway neck so students could 
see the angles of the airway) and lengthened the trachea 
with an endotracheal tube and made a “lung” from a res-
ervoir bag from an anesthesia breathing circuit kit. These 
parts were cobbled together to allow us to perform the 
 fi rst “pre-prototype” simulation scenario (Fig. 1).  

 Mary was the test anesthesiologist unaware of the sce-
nario, which was a pneumothorax during general anesthe-
sia for laparotomy. After a period of normal vital signs, 
we partially clamped the endotracheal tube “trachea” 
(raising the peak inspiratory pressures), began dropping 
the SaO 

2
  (with the Nellcor stimulator), progressively low-

ered the blood pressure (sending strings to the NIBP), and 
manipulated the waveform generator to increase the heart 
rate of the ECG. During all this, we recorded Mary’s 
think-out-loud utterances with a portable tape recorder. 
Later we transcribed the tape and analyzed qualitatively 
the cognitive processes used to diagnose and treat the 
problem. So went the very  fi rst simulation in our work. 

 Fortunately at that time, the APSF announced its  fi rst 
round of patient safety grant funding. I applied, proposing 

  Fig. 1    The pre-prototype 
“CASE 0.5” simulator, 
May 1986. Dr. Gaba 
( center right ) operates an 
off-the-shelf clinical 
waveform generator. The 
Compaq computer behind 
him is used to send 
information to the 
noninvasive blood 
pressure “virtual 
machine” created on a 
Macintosh 512K 
computer in the anesthesia 
work area. Dr. Mary 
Maxwell (research fellow) 
is the scenario “hot-seat” 
participant ( back right ). 
Medical student Abe 
DeAnda Jr. ( left ) assists 
Dr. Gaba with the 
scenario. © 1986, David 
M. Gaba, MD       
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not only to build a simulator based on this pre-prototype 
but also to conduct a study of the effect of fatigue on the 
performance of anesthesiologists—and all for only 
$35,000! The grant reviews were very positive (I still have 
a copy!) and we won a grant. We did make good on the 
 fi rst promise within a year, but the fatigue study had to 
wait another 10 years to  fi nally happen. 

 The  fi rst real simulator was built in 1987 and 1988. It 
used an off-the-shelf mannequin with a head, neck, and 
thorax (and two elastic lung bags). We added tiny tubing 
to carry CO 

2
  into the lungs (with hand stopcocks and a 

manual  fl owmeter to control the  fl ow) and placed a pul-
monary artery catheter into each main-stem bronchus. 
In fl ating the balloon would occlude the bronchus, allow-
ing us to mimic pneumothorax and endobronchial intuba-
tion. We got a much more powerful waveform generator 
that provided ECG and all invasive pressures. More 
importantly, it was controlled from a keypad connected 
by an RS232 port. Thus, we could have our main com-
puter tell it what to do. There was little control over the 
amplitude of the invasive pressures, so Abe hand built a 
3-channel digitally controlled analog ampli fi er based on a 
design I found in a hobbyist book on electronics. This let 
us scale the basic invasive waveforms to our target values. 
The Nellcor stimulator could also be controlled over a 
serial port. We kept our virtual NIBP on the Mac 512K. 
We then wrote software (in a very arcane language 
ASYST) to control all the separate pieces and used a 
(novel for the time) serial port extender to allow us to 
address three different serial ports. Three clinical devices 
showed the heart rate—so any heart rate changes had to 
show up on all of them. Again, we fed data to the main 
computer as text strings. O98/H55/S88/D44 would make 
the O 

2
  sat 98%, the heart rate (on three devices) 55, and 

the BP 88/44 (on both the NIBP and arterial line—if one 
was present). In those days we had to keep the control 
desk with all the components and the main computer (a 
PC286) in the OR with the simulator mannequin and the 
participant. A tank of CO 

2
  at the end of the table fed the 

CO 
2
  to the mannequin’s lungs. The anesthesiologist could 

perform most functions normally on the mannequin. 
Though the participant could easily see us controlling the 
simulator, it didn’t seem to make much difference. 

 We needed a name for the simulator. After discard-
ing some humorous risqué suggestions, we picked the 
acronym CASE for Comprehensive Anesthesia 
Simulation Environment. The  fi rst everyday system was 
called CASE 1.2. In 1988 we published a paper in 
 Anesthesiology  [5] describing CASE 1.2, providing 
questionnaire data from early participants, and—at the 
direction of the editor agreeing to provide a packet of 

design data—sketches and source code to any credible 
investigator who asked for it. A few did. At least one 
other simulator was created using elements of the infor-
mation that we provided (but not the one that would 
turn out to be the main “competition”). Periodically I 
would see a simulator using exactly the same approach 
and components that we used—without attribution. 
Whether this was independent convergent evolution or 
idea theft was never determined. 

 Because of our interest in the problem solving of anes-
thesiologists, we  fi rst used CASE 1.2 not for education 
and training but rather to do a set of experiments with 
subjects of differing levels of experience in anesthesiol-
ogy, each managing a standard test case in which multiple 
sequential abnormal events were embedded. We studied 
early  fi rst year residents (PGY1—in those days the resi-
dency was only 2 years), second year residents, faculty, 
and private practice anesthesiologists (Fig. 2).  

 Three papers came out of those experiments. This 
time  Anesthesiology  failed to grasp the importance of 
these studies; thus, all three papers appeared in  Anesthesia 
& Analgesia  [6–8]. The bottom line from these studies 
was that (a) different kinds of problems were easier or 
harder to detect or to correct, (b) more experienced peo-
ple on the whole did better than less experienced people, 
but (c) the early PGY1s did pretty well and there was a 
least one case of a catastrophic failure in every experi-
ence group. This told us that both early learners and 
experienced personnel could use more training and prac-
tice in handling anomalous situations and also reinforced 
the notion that—like pilots—they could bene fi t from an 
“emergency procedures manual,” a  “cognitive aid.” 

 We also began thinking more about the problem-solv-
ing processes in real cases. I looked at my mentors, fac-
ulty in my program who embodied the “cool in a crisis.” 
At the same time, we discovered the fairly newly evolv-
ing story of Cockpit Resource Management training in 
commercial aviation, focusing not on “stick-and-rudder” 
skills of  fl ying the airplane but on making decisions and 
managing all team and external resources. In February 
1987, the PBS science show NOVA aired an episode 
called “Why Planes Crash.” Not only did it have a simu-
lator reenactment of an infamous airliner crash (Eastern 
401), it also talked a lot about CRM and featured a 
NASA psychologist working at NASA’s Ames Research 
Center—just down the road from us in Mountain View, 
CA. CRM’s focus on decision making and teamwork 
seemed to be just what we could see we needed in anes-
thesiology. I went to talk to the Ames people and had a 
great discussion, and they gave some written materials 
[9]. From this was born our second grant application to 
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APSF in which we proposed to develop an analog train-
ing course for anesthesiologists to be called Anesthesia 
Crisis Resource Management (ACRM—since no one in 
anesthesia knew what a “crew” was). This proposal was 
also successful. During 1989 and early 1990, we pre-
pared a course syllabus, one component of which was a 
Catalog of Critical Incidents in Anesthesia—to mimic the 
pilots’ manual of emergency procedures (this later grew 
into our textbook  Crisis Management in Anesthesiology  
[10], published in 1994). We developed didactic materi-
als and a set of four simulation scenarios. From aviation 
CRM, we learned that debrie fi ng after simulation was 
important. As experienced clinical teachers, we  fi gured 
we knew how to do that. Luckily, we turned out to be 
right. 

 We held the  fi rst ACRM course in September 1990 
(more than 22 years ago!) for 12 anesthesia residents 
(CA2 residents as I recall). In those days we took the sim-
ulator to a real OR for the weekend (the  fi rst “in situ simu-
lations”!). ACRM was a grueling 2-day affair. Day one 
was didactics and group work. Day two was simulations 
for three groups of four each, one group after the other. 
Each group did all four scenarios and then went off (with 
their videotape) to debrief with one of the three instruc-
tors. Besides me, I chose my two mentors Kevin Fish and 
Frank Sarnquist as the debriefers. That was a long day! 
The  fi rst evaluations were very positive. The second 
ACRM course was held in December 1990 for 12 experi-
enced anesthesiologists—faculty and private practitio-
ners. Even from this seasoned group, it got rave reviews 

(and as in our study before, a spectrum of performance 
good to bad even amongst anesthesia professionals). 

 Between 1990 and 1992, we started to create a second-
generation patient simulator (CASE 2.0). John Williams, 
another medical student with an engineering background 
(BS and MS in Electrical Engineering from MIT), joined 
the team. John was a genius. Based on existing literature, 
he created a full cardiovascular model that moved math-
ematical blood around the body from chambers (with a 
volume and elastance) through various conduits (with a 
volume and conductance). The cardiovascular model iter-
ated approximately 200 times per second (5-ms update 
time). Waveforms were generated in real time as the pres-
sure could be inferred from the volume of mathematical 
blood in a chamber or conduit with a known elastance or 
conductance. The ECG was modeled from a rhythm 
library (although I myself started experimenting with net-
work models that could generate different cardiac rhythms 
de novo). The CASE 2.0 simulator had the cardiovascular 
model running on a special chip—a “transputer”—hosted 
on a board in a Macintosh computer. Transputers were 
made for parallel processing—one could easily add addi-
tional transputers to speed processing, but in the end, this 
feature was never utilized. 

 Several events helped to foster and spread the ACRM 
paradigm and simulation. The APSF was petitioned by 
both our group and the University of Florida Gainesville 
group (Nik Gravenstein Senior, Mike Good, and Sem 
Lampotang et al. also working on simulation) for further 
support to sustain research and development of “anesthesia 

  Fig. 2    The CASE 1.2 
simulator in use, 1989. Dr. 
Gaba runs a scenario in 
the study of cognition of 
anesthesiologists at 
different levels of training 
with an attending 
anesthesiologist as the 
subject. Medical student 
Abe DeAnda Jr. operates 
the simulation equipment.  
© 1989, David M. 
Gaba, MD       
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simulation” until commercial manufacturers for simula-
tors could be found. The APSF Executive Committee 
made a site visit to each of these groups in 1991. The site 
visit to Stanford had the committee observe an actual 
ACRM course. Based on that experience, Jeff Cooper, 
PhD, took the concept to the (then  fi ve) Harvard anesthe-
sia programs and formed a group to explore pursuing 
ACRM simulation training for residents from these sites. 
This led to a task force of anesthesiologists from the 
Harvard programs coming to VA Palo Alto (Stanford) to 
“take” an ACRM course in 1991. Based on a very positive 
experience, the decision was made for the Harvard anes-
thesia programs to sponsor me to come to Boston, with my 
simulator (there were no commercially available devices 
at that time), for 3 months in fall of 1992 during my  fi rst 
sabbatical. I taught (with assistance at the beginning from 
Steve Howard and John Williams) 18 ACRM courses for 
residents, faculty, and CRNAs and in the process trained a 
cadre of Harvard anesthesiologists (and Jeff) to be ACRM 
instructors [11]. This cadre went on to found the Boston 
Anesthesia Simulation Center (BASC) which later mor-
phed into the Center for Medical Simulation (  www.har-
vardmedsim.org    ) in Cambridge, MA. 

 We came back from Boston eager to establish a dedi-
cated simulation center at Stanford. Initial attempts to  fi nd 
a physical site for the center at the Stanford School of 
Medicine or Stanford Hospital and Clinics proved unsuc-
cessful, but thanks to the efforts of Richard Mazze, MD, 
then Chief of Staff (and former Chief of Anesthesia) at the 
VA hospital in Palo Alto—where I was a staff anesthesiolo-
gist and associate professor—we were able to obtain space 
in a modular building at the VA that had housed a tempo-
rary diagnostic radiology center. In 1995 the simulation 
center at VAPAHCS was born, and shortly thereafter we 
conducted the  fi rst instructor training course, using a syl-
labus designed jointly by personnel from BASC and from 
the simulation center at University of Toronto. This col-
laboration assisted each other in planning and conducting 
simulation training for a few years. My colleague Kevin 
Fish spent a sabbatical at University of Toronto as well. 

 In 1992 we began negotiations with representatives from 
CAE-Link, a division of CAE, a large Canadian conglom-
erate. CAE itself produced  fl ight simulators for the civil 
market. CAE-Link produced only military  fl ight simulators 
and was the descendent of the Link Corporation, the  fi rst 
manufacturer of commercial  fl ight simulators (dating back 
to the late 1920s and early 1930s) (  www.link.com/history.
html    ). CAE-Link was looking for new markets after the 
collapse of the Soviet Union and the democratization of the 
countries of Eastern Europe. CAE-Link’s  fi les contained 
prior suggestions of the use of simulators for healthcare, but 

in 1992 they surveyed the literature in the  fi eld and found 
us. The deal was consummated that year. Originally, CAE-
Link produced a nearly exact copy of CASE 2.0 for a 
Belgian client, but then they along with John Williams and 
me and Howard Schwid, assistant professor of anesthesia 
from University of Washington, combined forces to develop 
the software and hardware for the  fi rst commercial simula-
tor from CAE-Link. Howard had developed on-screen sim-
ulators for anesthesia (and later other  fi elds).    CAE-Link 
used our cardiovascular model (and some of our other mod-
els), as well as model’s from Schwid for the pulmonary 
system, other body systems, and pharmacokinetics and 
pharmacodynamics, as the basis for the math models of the 
CAE-Link Patient Simulator, which was introduced in 
1995. I contributed a number of other design features of this 
device, especially in the instructor interface. This device 
was sold around the world. CAE-Link handed the product 
over to its CAE-Electronics subsidiary and then sold the 
product line and information to a small simulation com-
pany, Eagle Simulation. Eagle later merged with an Israeli 
company MedSim that already manufactured an ultrasound 
simulator. The MedSim-Eagle Patient Simulator competed 
very well on the market, but in the middle of the dot-com 
boom, the board of directors  fi red the existing management 
(which then included Dr. Amitai Ziv) and eventually aban-
doned the MedSim-Eagle Patient Simulator, probably 
because they were not making enough return on investment 
compared to the returns then available in the Internet bub-
ble. This left the entire user community in the lurch with 
dozens of installed systems around the world. Although 
three groups (METI, Tokibo—the Japanese distributor—
and a group of the Eagle employees) were interested in 
buying the product line, MedSim-Eagle never entered any 
serious negotiations, and the product was in fact abandoned 
by the manufacturer. Users tried to help each other maintain 
their units, and they bought up retired or abandoned (but 
functioning) units to acquire spare parts. As I write this, 
there are still some of these simulators in regular use, more 
than a decade after the manufacturer stopped supporting 
them. I contend that this is testament to the sound engineer-
ing and manufacturing of these devices.    It was, however, a 
travesty for us  fi nancially (Medsim defaulted on license and 
royalty payments to the inventors) as well as for the simula-
tion community because a really good simulator was lost to 
the market. For those who recently or still use (d) the CAE-
Link/Eagle/MedSim Patient Simulator, can we imagine 
what it might be like today if it had a further 12 years of 
engineering development? 

 Because of this turn of events, my group, which had 
solely used the CAE-Link/Eagle/MedSim-Eagle simula-
tor, then became a purchaser and user of simulators from 

http://www.harvardmedsim.org/
http://www.harvardmedsim.org/
http://www.link.com/history.html
http://www.link.com/history.html
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many manufacturers. At one time we operated simulators 
from MedSim-Eagle, METI, and Laerdal simultaneously. 

 In the last 25 years, much has happened in simulation. 
The introduction in 2001 of what I call the “medium-
capability” simulators that had about 70% of the features 
of the MedSim-Eagle Patient Simulator or the METI HPS 
did, but at 15% of the cost, was groundbreaking—quali-
fying as a “low end disruptive innovation” in the Clay 
Christensen model [12]—where a less capable but cheaper 
unit opened huge chunks of the market. 

 Looking back on it all, I believe there are a number of 
useful lessons for future investigators. First is that we 
were an example of a bunch of young engineer/clinicians 
(faculty and students) who “didn’t know any better.” At 
times I was counseled to get senior faculty involved, but 
they didn’t really grasp the idea, and I felt that waiting to 
 fi nd a mentor would just waste time and effort. Perhaps 
had I joined an existing group of faculty and engineers, 
we could have accomplished things more systematically. 
However, my little band of students and I did everything 
on a shoestring, but we  did it  rather than thinking about it 
or planning it. We believe strongly in philosophy made 
famous in Nike advertising—“just do it.” In fact, an 
enabling factor in our work was the opening of an elec-
tronics “supermarket” (Fry’s Electronics) only a few 
miles from our lab. Rather than order everything from 
catalogues (and there was no Internet then), we could 
browse the aisles at Fry’s for hardware! Living in Silicon 
Valley had some advantages. 

 Another important lesson was that we found meaning-
ful parallels between our clinical world and those arenas 
where progress was being made. The original patient sim-
ulator, Sim One—technologically “years before its 
time”—never amounted to much, and it died out because 
no one knew what to do with it. It was used, frankly, only 
in rather banal applications [13]. There was no “killer app” 
in modern parlance. Thus, another unique achievement of 
my group was our connecting medicine and medical simu-
lation to Cockpit (later Crew) Resource Management, 
which we  fi rst discovered in 1987, adapting it by September 
1990 to become Anesthesia Crisis Resource Management. 
This was revolutionary, and it has had a lasting effect. This 
development launched simulation out of the consideration 
as a mere “toy” or something useful only for students and 
novices. The ACRM approach showed that simulation 
could be useful even for highly experienced personnel, 
and not just for addressing the nuts and bolts of medical 
work. Crisis Resource Management has now become a 
well-known catchphrase, and at least within the healthcare 
simulation community, it has achieved generic status much 
like other words in earlier eras (e.g., escalator, zipper, 

xerox) although we never trademarked ACRM or Crisis 
Resource Management. 

 Another lesson is that the most fertile ground for adopt-
ing an innovation is not always in one’s own backyard. 
People talk of a “not-invented-here” phenomenon whereby 
things from the outside are never accepted in an organiza-
tion. But the reverse is also sometimes true. In our case it 
was only after my successful sabbatical at the Harvard 
anesthesia programs and their initiative to create a simula-
tion center that it became possible for me to get my local 
institution to develop a center for me as described earlier. 
We later occupied space (some of it purpose-built) in the 
brand new hospital building at VA Palo Alto. Small simu-
lation centers followed at Stanford (CAPE and the 
Goodman Surgical Simulation Center), and in 2010 our 
 fl agship Goodman Immersive Learning Center (about 
28,000 ft 2 ) opened at Stanford (see CISL.stanford.edu). 
Yet, to this day, I have not been able to implement many of 
my ideas at Stanford, while I have seen others adopt them, 
or invent them anew, elsewhere. Thus, innovators should 
not despair when their own house doesn’t adopt their cre-
ations; if the ground is fertile elsewhere, go with it. 

 I and my group have long believed that we are doing 
this work not for our own glory or aggrandizement 
(though accolades are always welcome!) but rather to 
improve patient safety and outcomes and improve teach-
ing and learning. Whether that occurs in Palo Alto, in 
Tuebingen, in Melbourne, in Shantou (China), or any-
where else doesn’t much matter. There is a saying so pro-
found that it appears both in the Jewish Mishnah 
(Sanhedrin 4.5) and in the Muslim Qur’an (Surah 5, 
Verse 32): “Whoever saves a life, it is as if he has saved 
the whole world.” I believe that our work, through the 
growing community of simulation in healthcare around 
the world, has indeed led to many lives (and hearts and 
brains) saved and thus to saving the world a few times 
over. And that is indeed a nice thing to contemplate in the 
latter half of my career. 
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 Commercialization of CASE 2.0 began in 1992–1993 
when licenses were acquired and models were produced by 
CAE-Link  [  85  ] . The original name of the commercial prod-
uct was the Virtual Anesthesiology™ Training Simulator 
System. The name was shortened to the Eagle Patient 
Simulator™ when the product was bought later by MedSim-
Eagle Simulation Inc. These full-body mannequins had real-
istic and dynamic airways in addition to other original CASE 
2.0 features. Eyes that opened and closed with pupils that 
could dilate added to the realism. In 1999, an article describ-
ing the incorporation of the groundbreaking new technology 
of transesophageal echocardiography into the MedSim man-
nequin was published  [  85  ] . Unfortunately, production of this 
simulator stopped when an Israeli company bought MedSim 
and decided to focus on ultrasound simulation independent 
of the mannequin. Although the CAE-Link simulator was 
the early commercial leader, its success was dwarfed by the 
Gainesville simulator by the late 1990s. 

 The Gainesville Anesthesia    Simulator (GAS) was the pre-
cursor of current products by Medical Education Technologies 
Inc. (METI). Drs. Good and Gravenstein partnered with 

Loral Aviation in a similar but independent effort to develop 
mannequin simulation at the University of Florida in 
Gainesville in 1988. The philosophy and mission of these 
two simulation groups was distinct and different. The 
Stanford team was focused on team performance during crit-
ical events. Good and colleagues at Gainesville used their 
simulator to introduce residents to anesthesia techniques, 
common errors, and machine failures. The GAS simulator 
was a full-body model from the beginning. It demonstrated 
spontaneous ventilation and palpable pulses in its earliest 
stages. A complex model of gas exchange to demonstrate 
clinical uptake and distribution and a moving thumb that 
allowed assessment of neuromuscular blockade were two 
other unique features. The Gainesville group also progressed 
from vital sign simulators to developing their own models of 
physiology and pharmacology. After an initial abstract in 
anesthesiology, this group was not as proli fi c as the Stanford 
group in advertising their product and accomplishments in 
the traditional literature  [  91  ] . The two early reports describ-
ing the GAS simulator appeared in the  Journal of Clinical 
Monitoring   [  92,   93  ] . 

  6. Gaba D, DeAnda A. The response of anesthesia trainees to sim-
ulated critical incidents. Anesth Analg. 1989;68:444. 

  7. DeAnda A, Gaba D. Unplanned incidents during comprehen-
sive anesthesia simulation. Anesth Analg. 1990;71:77. 

  8. DeAnda A, Gaba D. The role of experience in the response 
to simulated critical incidents. Anesth Analg. 1991;72: 
308. 

  9. Cockpit Resource Management Training. NASA conference 
publication 2455. Washington: National Aeronautics and Space 
Administration; 1986. 

 10. Gaba D, Fish K, Howard S. Crisis management in anesthesiol-
ogy. New York: Churchill-Livingstone; 1994. 

 11. Holzman RS, Cooper JB, Gaba DM, Philip JH, Small SD, 
Feinstein D. Anesthesia crisis resource management: real-life 
simulation training in operating room crises. J Clin Anesth. 
1995;7(896318130):675. 

 12. Christensen C. The innovator’s dilemma. Boston: Harvard 
Business Review Press; 1997. 

 13. Hoffman K, Abrahamson S. The “cost-effectiveness” of sim 
one. J Med Educ. 1975;50:1127. 

  Pioneers and Pro fi les: 
A Personal Memoir by Michael Good 

   How the University of Florida’s Gainesville 
Anesthesia Simulator Became the Human 
Patient Simulator 
    Mastery is a powerful motivator of behavior [1]. Humans 
will practice tirelessly to master important skills, includ-
ing those of physical performance and those of cognition. 
Consider the Olympic athlete or the chess master. And so 
begins the story of the University of Florida (UF)’s 
Gainesville Anesthesia Simulator, which later became the 
highly successful Human Patient Simulator. These sophis-
ticated learning systems were developed to allow anesthe-
siologists—and, later, all healthcare professionals—to 

acquire important clinical skills, including those needed 
every day and those called into action only rarely, through 
realistic and repeated rehearsal. In short, these simulators 
were created to facilitate mastery. 

 Like most beginning anesthesiology resident physicians, 
my initial learning experiences took place in an operating 
room with a senior resident and an attending anesthesiolo-
gist. We provided anesthesia for two or three surgical 
patients each day. I had to learn many cognitive and psy-
chomotor skills. Each task had to be completed in a precise 
manner and given order. Mastery was important early on. I 
remember commenting to my teachers that I wished we 
could perform 15 or more anesthetics a day and “skip” the 
lengthy “surgical interval” of each patient’s care. 

 A year later, I became the more senior resident, now 
helping a beginner learn basic anesthesia skills. Two or 
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three cases a day did not provide suf fi cient repetition. My 
own learning was now focused on how to recognize and 
treat uncommon complications in anesthesia, and for 
these, there was no method other than memory and chance 
encounter. I again commented to colleagues about the 
desire for additional practice opportunities within a more 
compressed and ef fi cient time frame. 

 The magical “ah ha” moment actually occurred in the 
batting cage of the local sports complex in the fall of 
1985. As I practiced my hitting skills, I realized the pitch-
ing machine that was repeatedly throwing softballs toward 
me was creating a realistic learning opportunity outside 
the context of an actual softball game. If softball hitters 
could practice their skills using a simulated pitcher, why 
couldn’t anesthesiologists learn and practice their skills 
with a simulated patient? 

 Dr. Joachim S. “Nik” Gravenstein was a graduate 
research professor in the UF Department of Anesthesiology 
and well-known nationally and internationally for using 
advanced technology to assure the safety of patients 
receiving anesthesia. When I  fi rst approached Gravenstein 
with the notion of a patient simulator, he strongly 
embraced the concept as a needed advance in the profes-
sion. We began meeting regularly and plotting how to 
realize this dream. Armed with my bachelor’s degree in 
computer science and Arthur Guyton’s 1963 analog cir-
cuit of the human cardiovascular system, I began pro-
gramming an early cardiovascular model as digital 
computer code on a portable minicomputer. 

 In the mid-1980s, Gravenstein worked with Dr. Jan 
Beneken, chair of medical electrical engineering at 
Eindhoven University of Technology in the Netherlands, 
to assemble an international research group of anesthesi-
ologists, engineers, and graduate students informally 
known as the “Bain team” because their  fi rst project was 
to develop computer models of the Bain breathing circuit 
[2, 3]. In early 1987, Gravenstein connected me with 
Samsun “Sem” Lampotang, a member of that Bain team, 
who was completing his doctoral research in mechanical 
engineering as a graduate research assistant in the UF 
Department of Anesthesiology. Lampotang and collabo-
rators had recently developed an innovative methodology 
to enhance a mechanical test lung with simulated carbon 
dioxide (CO 

2
 ) production and spontaneous breathing [4] 

and used it for validation work in the Bain project. 
Lampotang’s lung model created realistic capnograms 
when connected to respiratory monitoring equipment, 
both during spontaneous breathing and when connected 
to mechanical ventilators and anesthesia delivery sys-
tems. This early hardware model of the human pulmo-
nary system, which realistically interacted with unaltered 

monitoring equipment, would form the basis for the  fi rst 
physiologic system in the Gainesville Anesthesia 
Simulator and a design philosophy favoring physical over 
screen-based simulator designs. 

 Based on his experiences with the Bain project, 
Lampotang recommended and Gravenstein and I agreed 
that a real anesthesia delivery system and real respiratory 
gases should be used in creating the Gainesville Anesthesia 
Simulator. Because of the need for a real anesthesia deliv-
ery system, Gravenstein suggested that I seek help from 
manufacturer Ohmeda to develop a prototype anesthesia 
simulator. I wrote to Thomas Clemens, director of research 
and development at Ohmeda, requesting  fi nancial support 
for the project. At the same time, Lampotang was work-
ing to establish an industry externship for the summer of 
1987 and had also written to Clemens. Serendipity pre-
vailed as my letter and Lampotang’s letter collided on 
Clemens’ desk. When Lampotang arrived at Ohmeda, 
Clemens assigned him to develop the Gainesville 
Anesthesia Simulator as his summer externship project. 

 Version 1 of the Gainesville Anesthesia Simulator 
(GAS I) was created by Lampotang at Ohmeda between 
May and August 1987. The lung model was enhanced 
with computer-controlled adjustment of CO 

2
  production 

and lung compliance, and a series of computer-controlled 
actuators were concealed within the anesthesia delivery 
system to create machine fault scenarios such as CO 

2
  

rebreathing or hypoxic inspired gas. Interestingly, e-mail, 
then still a novelty, proved to be a key ingredient in the 
success of the early simulator project. Lampotang was 
working at the Ohmeda facility in Madison, Wisconsin, 
while Gravenstein was in Gainesville, and I was on clini-
cal anesthesia rotations in Jacksonville. We quickly real-
ized the bene fi t of asynchronous e-mail communication 
and used it to achieve daily coordination and updates 
between the three developers who were in distant cities on 
different time zones and work schedules. 

 In August 1987, Lampotang and the simulator returned 
to Gainesville. Dr. Gordon Gibby, a UF anesthesiologist 
with a background in electrical engineering, assembled 
circuitry and software to allow computer control of the 
pulse rate and oxygen saturation reported by the pulse 
oximeter; the interface became known as “Mr. Desat.” 
The Gainesville Anesthesia Simulator was unveiled as an 
exhibit at the 1987 Annual Meeting of the American 
Society of Anesthesiologists in Atlanta, Georgia, and was 
recognized with the  fi rst place award as Best Scienti fi c 
and Educational Exhibit. For the  fi rst time, participants at 
a national meeting had the opportunity to experience 
hands-on simulation in anesthesia. The future would bring 
many more such opportunities. Following this public 
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debut, the UF simulator team partnered further with 
Ohmeda and Dr. Gilbert Ritchie at the University of 
Alabama to build a lung model that physically consumed 
and excreted volatile anesthetic gases. The new lung 
model de fi ned version 2 of the Gainesville Anesthesia 
Simulator (GAS II). 

 In addition to his many roles at UF, Gravenstein was 
also a member of the Anesthesia Patient Safety Foundation 
(APSF), including its executive committee. Because of 
the potential to improve safety, Gravenstein believed the 
APSF should invest in the development of patient simu-
lation. Accordingly, Gravenstein instructed me to meet 
him in New York at the APSF executive committee meet-
ing to review the patient simulation initiative at UF. 
Gravenstein was returning from Europe. On his  fl ight to 
New York, his plane made an emergency landing in 
Newfoundland. The passengers were evacuated down 
in fl atable slides and moved to a vacant hangar to await 
another aircraft. Gravenstein was impressed with the 
manner in which the  fl ight attendants quickly and 
ef fi ciently directed passengers through the aisles, out the 
plane door, and down the in fl atable slides. In the hangar, 
Gravenstein commended the  fl ight attendants and offered 
that their pro fi ciency suggested they had led such evacu-
ations before. One  fl ight attendant replied that this was 
her  fi rst real-life emergent evacuation but that she and 
her team had practiced the drill many times before in the 
 fl ight simulator. Later in New York, his face still some-
what pale from the experience, Gravenstein recounted 
the entire story to the APSF executive committee, which 
quickly agreed on the important role simulation could 
play in anesthesia patient safety. 

 Shortly thereafter, the APSF funded simulator projects 
at UF and at Stanford, with a focus on developing realistic 
clinical signs in the emerging patient simulators. This 
emphasis on clinical signs heralded a transition, from 
anesthesia simulation to Human Patient Simulator. 
Lampotang’s keen engineering skills proved exception-
ally valuable throughout the Human Patient Simulator’s 
developmental life cycle and especially as clinical signs 
were incorporated. Palpable pulses synchronized with the 
cardiac cycle, a thumb twitch (which we named 
“Twitcher”) responsive to neuromuscular blockade moni-
toring [5], sensors to detect the volume of injected intra-
venous medications, airway resistors, urinary systems, 
simulated hemorrhage, and the detection of therapeutic 
procedures such as needle thoracostomy all required elo-
quent engineering designs. The end result was and remains 
realistic physical interaction between learner and patient 
simulator, and Lampotang’s many talents are in large part 
responsible for this success. 

 The timing of the APSF grant was crucial for the UF 
simulator development team, enabling us to hire Ron 
Carovano on a full-time basis. Carovano’s initial connec-
tion with the simulator project was, again, serendipitous. 
Jack Atwater, a UF electrical engineering graduate turned 
medical student, advised Carovano on his senior engi-
neering project. The growing number of simulator com-
ponents that required high-speed computer instructions 
was rapidly outstripping the capabilities of the IBM XT 
desktop computer which Lampotang had claimed from 
Ohmeda. Atwater was working to create a series of sin-
gle-board computers (dubbed by the simulator team as 
data acquisition and control system, or DACS, boards), to 
control the simulator hardware components and interface 
them with the physiologic models running on the XT 
computer. Carovano joined the team as a senior engineer-
ing student and worked initially with Atwater on the 
DACS board development and implementation. 

 In the spring of 1989, Carovano was accepted into 
UF’s Masters of Business Administration (MBA) pro-
gram for the fall semester. Carovano continued to work 
with the simulator development team on a part-time basis 
during his 2 years of MBA studies. As he approached 
graduation in the spring of 1991, UF received the APSF 
grant. That grant allowed the UF simulator team to employ 
Carovano on a full-time basis, with half his time devoted 
to continued engineering research and the other half of his 
assignment as business administrator, drawing on his 
newly acquired skills from his MBA program. Over the 
years, Carovano contributed to the success of the simula-
tor project not only as an electrical engineer but also as a 
business administrator. The Gainesville Anesthesia 
Simulator development team was one of the  fi rst “research” 
teams on the UF campus to have a full-time business 
administrator, which proved to be a key component of the 
project’s ultimate success. 

 By 1994, Carovano was working primarily on the busi-
ness aspects of the simulator project. Because of his busi-
ness expertise, the simulator team successfully competed 
for a large state grant from the Florida High Technology 
and Industry Council. As the Human Patient Simulator 
matured into a successful prototype, Lampotang spear-
headed the team’s efforts to secure patents for the novel 
technology that had been created [6]. In all, 11 patents 
were eventually awarded on the initial patient simulator 
technology developed at UF. 

 In November 1991, the UF team held its  fi rst simula-
tor-based continuing medical education course. The 
course was designed to help anesthesiologists learn to 
recognize and treat rare complications in anesthesia, such 
as malignant hyperthermia, and malfunctions within the 
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anesthesia delivery system. Attendees included Adam 
Levine from Mount Sinai and Gene Fried from the 
University of North Carolina, individuals and institutions 
that were soon to become early adopters of simulator-
based learning. 

 The unparalleled realism achieved by the Human 
Patient Simulator results in large part from its dynamic 
and automated reactivity, which in turn is created by 
sophisticated mathematical models of human physiology 
and pharmacology running within the simulator software. 
The mastermind behind most of these models was, and 
remains today, Willem van Meurs, who joined UF’s simu-
lator development team in 1991. As van Meurs was com-
pleting his PhD defense in Toulouse, France, at the Paul 
Sabatier University in September 1991, jury president 
(defense committee chair) Dr. Jan Beneken shared with 
him the theses and reports from two Eindhoven master’s 
students who had been working on the simulator project 
in Gainesville [7, 8]. Van Meurs was intrigued. 
Gravenstein, Beneken, van Meurs, and I agreed upon a 
plan in which van Meurs would begin working as a post-
doctoral associate for UF, initially in Eindhoven under the 
direction of Beneken, and then move to Gainesville in 
1992 as an assistant professor of anesthesiology to 
improve the cardiovascular and anesthetic uptake and dis-
tribution models for the Gainesville Anesthesia Simulator. 
This work elaborated on Beneken’s past research as well 
as on van Meurs’ PhD work on the modeling and control 
of a heart lung bypass machine. 

 Upon his arrival in Gainesville in September 1992, van 
Meurs worked with Lampotang to further advance the 
mechanical lung model by creating computer-controlled 
models of chest wall mechanics, airways resistance, and 
pulmonary gas exchange, including volatile anesthetic 
consumption [9–11]. The signi fi cantly enhanced lung was 
fully integrated with the cardiopulmonary physiologic 
models to create version 3 of the Gainesville Anesthesia 
Simulator (GAS III). We all have very fond memories of 
the  fi rst night (yes, the great discoveries and accomplish-
ments were always at night) that the patient simulator 
started breathing on its own, automatically controlling its 
own depth and rate of breathing so as to maintain arterial 
CO 

2
  tension near 40 mmHg and to ensure suf fi cient arte-

rial oxygen tension. We had the simulator breathe in and 
out of a paper bag, and it automatically began to hyperven-
tilate as alveolar, then arterial, CO 

2
  tension increased. 

Several years later at a conference in Vail, Colorado, I was 
summoned to the exhibit hall early in the morning by the 
technical team because the patient simulator was breath-
ing at a rate greater than its known baseline. A quick sys-
tems check revealed that the simulator, through its hybrid 

mechanical and mathematical lung model, was responding 
(appropriately!) to the lowered oxygen tensions encoun-
tered at the 8,000-ft altitude of the ski resort. 

 Beginning in 1994, van Meurs led the development of 
an original cardiac rhythm generator, which we then used 
to control overall timing in a mathematical model of the 
human cardiovascular system. With the addition of the 
sophisticated cardiovascular model and its integration with 
the pulmonary model, the patient simulator became so real-
istic and dynamic that it began replacing animals in hemo-
dynamic monitoring learning laboratories for anesthesiology 
residents and a variety of learning sessions for medical stu-
dents, including those focused on respiratory and cardio-
vascular physiology and pathophysiology [12, 13]. 

 Van Meurs next turned his attention to pharmacology 
and in 1995 embarked upon a plan to incorporate pharma-
cokinetic, pharmacodynamic, and related physiologic 
control mechanisms such as the baroreceptor into the 
simulator models and software [14, 15]. At the same time, 
the well-functioning adult models of the cardiovascular 
and respiratory systems were further enhanced for preg-
nancy [16] and with age-speci fi c parameter  fi les for a 
child, an infant [17], and a neonate. 

 In 1993, UF accepted from Icahn School of Medicine 
at Mount Sinai Department of Anesthesiology its  fi rst 
purchase order for a Human Patient Simulator and then 
orders two and three from the State of Florida Department 
of Education. As interest and inquiries increased, the UF 
simulator development team quickly realized it needed an 
industry partner to professionally manufacture, sell, dis-
tribute, and service the emerging simulator marketplace. 
On April 22, 1993, I reviewed the UF simulator project in 
a presentation at the University of Central Florida’s 
Institute for Simulation and Training. In the audience was 
Relf Crissey, a business development executive for 
defense contractor Loral Corporation. After the presenta-
tion, Crissey put me in contact with Louis Oberndorf, 
director of new business development for Loral. The UF 
team was already in technology transfer discussions with 
CAE-Link Corporation, a manufacturer of aviation simu-
lators, but these discussions were not advancing. The UF 
simulator team worked with Oberndorf and others at 
Loral on the complex technology transfer process, and a 
UF-Loral partnership was announced in January 1994 at 
the annual meeting of the Society for Technology in 
Anesthesia in Orlando, Florida. The UF patient simulator 
technology was licensed to Loral in August 1994. Loral 
initially assigned the team of Ray Shuford, Jim Azukas, 
Beth Rueger, and Mark McClure at its manufacturing 
facility in Sarasota, Florida, to commercially develop 
UF’s Human Patient Simulator. 
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 Following the licensing agreement to Loral, the UF 
simulator development team supported product commer-
cialization and continued work on enhancements, includ-
ing additional drugs, clinical scenarios, and patient 
modules. In the summer of 1996, the UF and Loral team 
took the full simulator and a complete operating room 
mock-up to the World Congress of Anaesthesiologists in 
Sydney, Australia [18]. There, using the Human Patient 
Simulator, a randomized controlled trial of meeting par-
ticipants was conducted, comparing the ability of anes-
thesiologists to detect problems during anesthesia with 
and without pulse oximetry and capnography [19]. 

 In January 1996, Lockheed Martin acquired the defense 
electronics and system integration businesses of Loral 
[20] and then spun a number of these business units out to 
create L-3 Communications [21]. As these corporate 
changes were taking place, Oberndorf felt strongly that 
the Human Patient Simulator deserved a company focused 
entirely on its advancement and related medical educa-
tional technologies and that he personally was ready for 
this challenge. In August 1996, Oberndorf created his 
own company, Medical Education Technologies Inc. 
(METI), which then assumed the simulator licenses for 
the UF-patented Human Patient Simulator technology. 
Over the next decade, Oberndorf and METI created a 
highly successful company and helped to spawn a new 
commercial industry (see elsewhere in this chapter). 

 In the spring of 1997, Carovano became a full-time 
employee of METI coincident with METI receiving a 
large Enterprise Florida grant to develop patient simula-
tors for community colleges. In 1998, van Meurs also 
joined METI, as director of physiologic model develop-
ment, and in September 1998, he returned to Europe as an 
associate professor of applied mathematics at the University 
of Porto in Portugal, where he worked with collaborators 
to create an innovative labor and delivery patient simula-
tor. He continues to consult with METI and CAE 
Healthcare, to advance mathematical modeling of human 
physiology [22] and pharmacology, and remains active in 
the patient simulation community. Lampotang has contin-
ued his academic career as a professor of anesthesiology 
and engineering at UF. He and his team continue to develop 
patient simulators and training systems, including the 
web-enabled Virtual Anesthesia Machine [23], and simu-
lators that combine physical and virtual components for 
learning central venous catheterization [24] and ventricu-
lostomy [25]. In 2011, CAE Healthcare acquired METI. 
That same year, Oberndorf and his wife Rosemary created 
the Oberndorf Professorship in Healthcare Technology at 
UF to assure the ongoing development of innovative learn-
ing technologies that improve healthcare. 

 Dr. Jerome H. Modell, chair of the department of anes-
thesiology from 1969 until 1993, deserves special men-
tion. Without the tremendous support of Dr. Modell as our 
department chair, the simulator project would not have 
completed its successful journey. From examples too 
numerous to recount, consider that as the simulator team 
outgrew its development home in the anesthesiology lab-
oratory, Modell, who was also a director of the medical 
school’s faculty practice plan, became aware of residen-
tial property one block from the medical center that the 
faculty practice had acquired and was holding as a future 
of fi ce building site. Until the faculty practice was ready to 
build, Modell arranged for this residential unit to become 
the simulator development laboratory. The 3,000-ft 2  house 
became dedicated completely for the simulator develop-
ment effort and affectionately became known as the 
“Little House on the Corner.” Modell was also instrumen-
tal in providing critical bridge funding at a moment when 
the development team suffered the inevitable grant hiatus. 
The bridge funding brought us through the grant drought, 
to our next funded grant. Without Modell’s bridge fund-
ing, the project’s success and the eventual technology 
transfer to industry might never have happened. Modell, 
an avid horse enthusiast, also pioneered the use of the 
simulator technology to train veterinary students in the 
UF College of Veterinary Medicine [26]. 

 Gravenstein continued to champion patient simulation 
until his death in January 2009. Words fail to adequately 
describe the quiet but very forceful and worldwide impact 
of J.S. Gravenstein on human patient simulation. At each 
intersection of decision along this incredible journey, 
whether it was simulator design, educational approach, 
structure of the grant application or draft manuscript, 
interactions with industry and foundations, study design, 
or countless other aspects of the project, Gravenstein pro-
vided strategically accurate advice and direction that 
never wavered from true north. We clearly owe our suc-
cess to his immense wisdom. 

 And like so many aspects of life, my own story now 
comes full circle. As the UF simulator technology suc-
cessfully transferred to industry in the 1990s, I became 
interested in health system leadership and, beginning in 
1994, began accepting positions of increasing leadership 
responsibility within the Veterans Health Administration 
and then at UF. In 2009, I was asked to serve as the ninth 
dean of the UF College of Medicine. In the coming years, 
a key strategic goal for UF will be to build a new medical 
education building and, within it, an experiential learning 
center where healthcare learners of all disciplines will 
work together with patient simulators to achieve a most 
important goal: mastery. 
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 Dr. Good did inform the world    of this new technology and 
the GAS training method through national and international 
conferences  [  94  ] . He began at an ASA education panel at the 
annual meeting in 1988 with a presentation titled “What is the 
current status of simulators for teaching in anesthesiology?” 
Both Drs. Good and Gaba contributed to the simulation con-
ference cosponsored by the APSF and FDA in 1989. A few 
months later, Dr. Good presented “The use of simulators in 
training anaesthetists,” to the College of Anaesthetists at the 
Royal College of Surgeons in London. Dr. Good gave simula-
tion presentations for the Society of Cardiovascular Anesthesia, 

the Society for Technology in Anesthesia, and the World 
Congress of Anaesthesia. He would return to the World 
Congress in 1996. He was a visiting professor at the Penn State 
University–Hershey in 1992 and Mount Sinai Medical Center 
in 1994. All of this publicity preceded the commercial launch 
of the Loral/University of Florida simulator in 1994. In the 
spring of 1994, the  fi rst external Loral/Gainesville simulator 
was installed in the Department of Anesthesiology of the Icahn 
School of Medicine at Mount Sinai in New York City for a 
purchase price of $175,000. The Mount Sinai team included 
Drs. Jeff Silverstein, Richard Kayne, and Adam Levine. 

  Acknowledgment    The author thanks simulator coinventors 
Samsun Lampotang, Ronald Carovano, and Willem van Meurs for 
their tremendous help in creating and reviewing this chapter and 
Melanie Ross and John Pastor for their editorial review. 

  References  

  1. Pink DH. Drive: the surprising truth about what motivates us. 
New York: Penguin Group (USA) Inc.; 2009. 

  2. Beneken JEW, Gravenstein N, Gravenstein JS, van der Aa JJ, 
Lampotang S. Capnography and the Bain circuit I: a computer 
model. J Clin Monit. 1985;1:103-13. 

  3. Beneken JEW, Gravenstein N, Lampotang S, van der Aa JJ, 
Gravenstein JS. Capnography and the Bain circuit II: validation 
of a computer model. J Clin Monit. 1987;3:165-77. 

  4. Lampotang S, Gravenstein N, Banner MJ, Jaeger MJ, Schultetus 
RR. A lung model of carbon dioxide concentrations with 
mechanical or spontaneous ventilation. Crit Care Med. 
1986;14:1055-7. 

  5. Lampotang S, Good ML, Heijnen PMAM, Carovano R, 
Gravenstein JS. TWITCHER: a device to simulate thumb twitch 
response to ulnar nerve stimulation. J Clin Monit Comput. 
1998;14:135–40. 

  6. Lampotang S, Good ML, Gravenstein JS, Carovano RG. Method 
and apparatus for simulating neuromuscular stimulation during 
medical surgery. US Patent 5,391,081 issued 21 Feb 1995. 

  7. Heffels JJM. A patient simulator for anesthesia training: a mechan-
ical lung model and a physiologic software model, Eindhoven 
University of Technology Report 90-E-235; Jan 1990. 

  8. Heynen PMAM. An integrated physiological computer model 
of an anesthetized patient, Masters of Electrical Engineering, 
Eindhoven University of Technology; 1991. 

  9. Van Meurs WL, Beneken JEW, Good ML, Lampotang S, 
Carovano RG, Gravenstein JS. Physiologic model for an anes-
thesia simulator, abstracted. Anesthesiology. 1993;79:A1114. 

 1 0. Sajan I, van Meurs WL, Lampotang S, Good ML, Principe JC. 
Computer controlled mechanical lung model for an anesthesia 
simulator, abstracted. Int J Clin Monit Comput. 1993;10:194–5. 

 1 1. Lampotang S, van Meurs WL, Good ML, Gravenstein JS, 
Carovano RG. Apparatus for and method of simulating the 
injection and volatilizing of a volatile drug. US Patent 5,890,908, 
issued 1999. 

 1 2. Öhrn MAK, van Meurs WL, Good ML. Laboratory classes: 
replacing animals with a patient simulator, abstracted. 
Anesthesiology. 1995;83:A1028. 

 1 3. Lampotang S, Öhrn M, van Meurs WL. A simulator-based respi-
ratory physiology workshop. Acad Med. 1996;71(5):526–7. 

 1 4. Van Meurs WL, Nikkelen E, Good ML. Pharmacokinetic-
pharmacodynamic model for educational simulations. IEEE 
Trans Biomed Eng. 1998;45(5):582–90. 

 1 5. Van Meurs WL, Nikkelen E, Good ML. Comments on using the 
time of maximum effect site concentration to combine pharma-
cokinetics and pharmacodynamics [letter]. Anesthesiology. 
2004;100(5):1320. 

 1 6. Euliano TY, Caton D, van Meurs WL, Good ML. Modeling 
obstetric cardiovascular physiology on a full-scale patient simu-
lator. J Clin Monit. 1997;13(5):293–7. 

 1 7. Goodwin JA, van Meurs WL, Sá Couto CD, Beneken JEW, 
Graves SA. A model for educational simulation of infant 
cardiovascular physiology. Anest Analg. 2004;99(6): 
1655–64. 

 1 8. Lampotang S, Good ML, Westhorpe R, Hardcastle J, Carovano 
RG. Logistics of conducting a large number of individual ses-
sions with a full-scale patient simulator at a scienti fi c meeting. 
J Clin Monit. 1997;13(6):399–407. 

 1 9. Lampotang S, Gravenstein JS, Euliano TY, van Meurs WL, 
Good ML, Kubilis P, Westhorpe R. In fl uence of pulse oximetry 
and capnography on time to diagnosis of critical incidents in 
anesthesia: a pilot study using a full-scale patient simulator. 
J Clin Monit Comput. 1998;14(5):313–21. 

 2 0. Wikipedia.   http://en.wikipedia.org/wiki/Loral_Corporation    . 
Accessed 14 Apr 2012. 

 2 1. Wikipedia.   http://en.wikipedia.org/wiki/L3_Communications    . 
Accessed 14 Apr 2012. 

 2 2. Van Meurs W. Modeling and simulation in biomedical engi-
neering: applications in cardiorespiratory physiology. New 
York: McGraw-Hill Professional; 2011. 

 2 3. Lampotang S, Dobbins W, Good ML, Gravenstein N, 
Gravenstein D. Interactive, web-based, educational simulation 
of an anesthesia machine, abstracted. J Clin Monit Comput. 
2000;16:56–7. 

 2 4. Robinson AR   , Gravenstein N, Cooper LA, Lizdas DE, Luria I, 
Lampotang S. Subclavian central venous access mixed reality 
simulator: preliminary experience. Abstract ASA 2011. 

 2 5. Lampotang S, Lizdas D, Burdick A, Luria I, Rajon D, Schwab 
W, Bova F, Lombard G, Lister JR, Friedman W. A mixed simu-
lator for ventriculostomy practice. Simul Healthcare. 2011;6(6): 
490. 

 2 6. Modell JH, Cantwell S, Hardcastle J, Robertson S, Pablo L. 
Using the human patient simulator to educate students of veteri-
nary medicine. J Vet Med Educ. 2002;29:111–6.   

http://en.wikipedia.org/wiki/Loral_Corporation
http://en.wikipedia.org/wiki/L3_Communications


30 K. Rosen

  Pioneers and Pro fi les: 
The Mount Sinai Story 

   A Personal Memoir by Joel A. Kaplan 

   Tell me, I’ll forget 
 Show me & I may not remember 
 Involve me & I’ll understand 

 —Chinese proverb   

   In the Beginning ... 
 During my academic career, I have been involved in many 
educational initiatives, but none has had the positive 
impact of the gradual transition to simulation-based 
 education for healthcare providers. As a resident in anes-
thesiology at the University of Pennsylvania, I often heard 
the chairman, Dr. Robert Dripps, say that “every anes-
thetic is an experiment” in physiology and pharmacology. 
This certainly was a true statement in the early 1970s but 
often made me wonder why we could not learn this infor-
mation without putting a patient at risk. 

 I arrived back in my hometown of New York City in 
July, 1983, to become chairman of the Department of 
Anesthesiology at the Mount Sinai Hospital and School of 
Medicine (MSSM). My primary goal was to develop the 
leading academic department in New York, recognized 
for its excellence in clinical care, education, and research, 
or as some called it “Penn East.” The  fi rst 5 years were 
devoted to providing the best clinical care while training a 
new generation of anesthesiologists, many of whom would 
become subspecialists in the expanding areas of cardio-
thoracic anesthesia, neuroanesthesia, and clinical care 
medicine, all  fi elds requiring extensive cardiovascular and 
respiratory monitoring of patients in the perioperative 
period. These complex patients would receive multiple 
anesthetic and cardiovascular drugs given by residents 
who had not used them routinely or seen their full effects 
in sick patients during or after major surgery. In addition, 
as a teacher and chairman, I was always looking for new 
ways to evaluate both our students and faculty. 

 At the time, Icahn School of Medicine at Mount Sinai 
had pioneered a standardized patient program for teach-
ing medical students, and it was being used by all of the 
medical schools in the New York City area. I had explored 
options for teaching our residents, but it did not meet our 
needs except for preoperative evaluations. In addition, our 
faculty were lecturing in the physiology and pharmacol-
ogy courses and were looking for new ways to introduce 
students to the anesthetic drugs. From my experiences in 
teaching cardiopulmonary resuscitation, I had some 
familiarity with the Stanford University simulator pro-
gram, and the concept had great appeal as a possible new 

teaching technique in all areas of anesthesiology, which 
could meet many of my objectives for our department. 

 The residency program director at the time, Richard 
Kayne, MD, returned from a national meeting and told 
me about the University of Florida’s (U of F) simulation 
program in Gainesville and his meeting with Michael 
Good, MD, the program director. I immediately told him 
to follow up because I had great interest in potentially 
developing a similar program at Mount Sinai to teach our 
residents and medical students in a simulated environ-
ment instead of by lectures and “see one, do one, teach 
one” methods in the operating room. In the early 1990s, 
after a few discussions with the U of F and the manufac-
turers of the early models of the Gainesville Simulator, 
we were fortunate to become the  fi rst beta test site for the 
 fi rst Loral simulator systems. 

 Under the leadership of    Dr. Jeffrey Silverstein, Richard 
Kayne, and Adam Levine, we decided to set up a mock 
operating room (OR), with video equipment and teaching 
techniques similar to those used in the MSSM Standardized 
Patients Center. The plan was to use the mock OR to teach 
anesthesia residents the basics of anesthetic physiology 
and pharmacology and, via a series of case scenarios, pro-
gressively more serious cardiovascular and respiratory 
problems during surgical procedures. The only available 
OR at the time was at our af fi liated Bronx VA Hospital, 
and thus, the  fi rst simulator was located there. It was fully 
developed using department funds from Mount Sinai and 
updated by Loral with the support of Louis Oberndorf, 
vice president of marketing and business and head of the 
project. It remained at the VA Hospital for about a year but 
never met our full goals because of the off-site location for 
most of our students and residents, inadequate technical 
support, and lack of full-time dedicated staff and faculty. 

 In the spring of 1995, we had the simulator moved to 
an available operating room at the Mount Sinai Hospital. 
Drs. Richard Kayne and Adam Levine continued to lead 
the project and took direct charge with technical support 
and additional departmental funds. U of F and Loral were 
very helpful at this time in programming the simulator 
with us and providing extra maintenance support. This 
led to the simulator program expanding rapidly and 
becoming very popular in the department and school of 
medicine. The major uses at this time were for new resi-
dent orientations, afternoon teaching sessions for  fi rst and 
second year residents, and weekly medical student ses-
sions on cardiovascular and respiratory physiology. 
Eventually these physiology sessions were expanded and 
became a fundamental and integrated component of the 
very popular physiology course for  fi rst year medical stu-
dents. These teaching programs were very successful, 
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with many other faculty joining in the expanding new 
educational opportunity. 

 At one of our monthly staff meetings, after bragging 
about our success with the simulator, I decided to intro-
duce another idea for its use. My thought was to develop 
a program of annual evaluation of the faculty’s clinical 
skills, with documentation for the hospital and school of 
medicine, to demonstrate their expertise and the new role 
for simulation, analogous to the airline industry’s use of 
cockpit simulators. I then asked for comments and there 
was nothing but dead silence. Obviously, this idea caused 
some concern with the faculty, and they just were not 
ready for it at the time. In fact, we never did develop this 
annual evaluation program in the department. It is good to 
see that some departments now use simulators for testing, 
and some even use them to help reduce malpractice insur-
ance premiums. I still believe there is an important role 
for simulation in evaluation and certi fi cation of practitio-
ners, and I am pleased to see that the American Board of 
Anesthesiology has introduced simulation as a part of the 
Maintenance of Certi fi cation in Anesthesiology (MOCA) 
program. It is a shame that anesthesiology did not do this 
much earlier, before other specialties, such as surgery, 
added simulation into their certifying programs. 

 The initial costs of the equipment, continued updates, and 
maintenance had been paid for out of departmental funds. 
This eventually became quite expensive, and I asked the fac-
ulty to develop programs with the simulator that could earn 
funds to pay for the maintenance and upkeep. Out of their 
plans and work came important programs that made the 
simulator self-suf fi cient. These programs included:
    1.    Pharmaceutical company training programs—Drug 

company representatives (6 per class for 2–3 days) 
would observe the effects of administering their new 
products in the simulator and then also be able to watch 
the use of the drugs in the OR. This was especially use-
ful with the introduction of remifentanil and propofol.  

    2.    Impaired physician programs—Multiple types of pro-
grams were developed under the leadership of Paul 
Goldiner, MD, and Adam Levine, MD, working with 
many other faculty. These included a 1-year simulation 
teaching fellowship in which former residents with 
chemical dependancy were allowed to transition back 
into teaching and clinical practice under intense super-
vision. This program was later expanded to help the 
New York State Society of Anesthesiologists evaluate 
clinical skills of practitioners before permitting them 
to return to practice.     
 These early programs eventually led to the large simula-

tion center that now exists in the Mount Sinai Department of 
Anesthesiology. It is one of the 32 (at the time of this writ-

ing) American Society of Anesthesiologists’ approved sim-
ulation centers throughout the United States, and the 
continued innovations by the faculty have made it one of the 
major strengths of the department’s educational programs. 

 Upon leaving Mount Sinai in 1998, I had the opportu-
nity to continue to fully develop a multidimensional simu-
lation and standardized patients center as Dean of the 
University of Louisville (U of L) School of Medicine and 
Vice President of Health Affairs of the U of L Health 
Science Center (HSC). This center was started with a very 
generous gift from John Paris, MD, a graduate of the school 
of medicine, and was expanded by becoming the Alumni 
Simulation Center. With 4 METI-equipped simulation 
rooms and eight standardized patient rooms, it became the 
core of our new educational programs at the HSC, with the 
integrated teaching of students from the schools of medi-
cine, nursing, dentistry, and public health. For the U of L, 
the home of the Flexner medical educational philosophy of 
endless lectures, this conversion to reality-based simulation 
education was a major change. The faculty pioneered new 
programs teaching basic sciences, general medical care, 
specialty care, and team care with providers from various 
healthcare  fi elds. One of the most interesting educational 
programs took place shortly after 9/11 and the anthrax 
attacks in the Northeast, when the simulation center became 
one of the nation’s earliest  fi rst-responder teaching centers, 
funded by the Federal and state governments, to train 
Kentucky’s emergency response teams in conjunction with 
our emergency and trauma healthcare practitioners. Thus, 
what was started as a small simulator program at Mount 
Sinai eventually grew into a national model for team train-
ing and assessment performance.   

   A Personal Memoir by Jeffrey H. Silverstein 

   Early Days of Simulation 
 I was introduced to simulation during a visit to the 
University of Florida at Gainesville. I was visiting the Dr. 
Joachim Gravenstein to discuss further work on postop-
erative cognitive dysfunction. I had known Mike Good 
from some other ASA activities, and we took a short tour 
through the simulator they were developing. Sem 
Lampotang was the primary engineer on the project. The 
simulator that they had was quite large and  fi t on one large 
platform—basically a metal cart in which the mannequin 
lay on the top, sort of like a tall OR table with all of the 
mechanisms contained below the mannequin. For that 
time, the device was amazingly advanced. It had respira-
tory movement controlled by two bellows, one for each 
lung, and it expired CO 

2
 . This was totally remarkable. 

The physiologic model was still relatively new and 
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required manipulation from the computer screen. The 
appearance of the physiology on an anesthesia monitor 
was extremely realistic for the electrocardiogram and 
blood pressure tracings. Skipped beats were associated 
with a lack of pressure/perfusion. 

 At the time, Dr. Richard Kayne was the anesthesia 
residency program director at Mount Sinai. After some 
discussion, Richard suggested to Dr. Joel Kaplan, the 
chairman of the Department of Anesthesiology, that we 
look into being an early participant in this arena. With a 
good deal of enthusiasm, Richard and I took another trip 
to Florida to investigate the idea of becoming the beta test 
site for the Gainesville simulator. At the time, another 
simulator group also existed. The primary investigators/
developers of that group were Dr. David Gaba at Stanford 
(currently the associate dean for immersive and simula-
tion-based learning at the Stanford School of Medicine) 
and Dr. Jeffrey Cooper at Harvard. Their group had a very 
different approach to simulation. The group at Gainesville 
was primarily focused on the physiology and developing 
a model that acted and reacted as a human would to the 
various interventions involved in anesthesiology as well 
as various types of pathophysiology. The primary foci of 
the pathophysiology at the time were cardiac arrhythmias 
and blood pressure changes. The point of the simulation 
exercise was the demonstration and education in physiol-
ogy. The Gaba and Cooper group were focused on group 
dynamics. They borrowed the term called Crew Resource 
Management from aviation simulation. The approach 
involved staf fi ng a simulation of an event with a cadre of 
actors who would all behave in a prescribed manner to 
create speci fi c stressful situations during the simulation. 
These simulations would involve loss of an airway or loss 
of power in the OR. The episodes were videotaped, and 
the primary learning forum was the debrie fi ng after the 
incident in which all involved would discuss how the indi-
vidual immersed in the simulation has behaved and what 
options they had for improving group interactions. As 
suggested by the title, the primary goal was interpersonal 
management of the crew involved. By contrast, the 
Gainesville group was primarily focused on the teaching 
of physiology as encountered in the operating room. The 
sessions would involve real-time discussions about what 
was going on and the underlying physiology. These were 
essentially bedside discussions and were not at all focused 
on group dynamics. 

 We investigated partnering with the Stanford/Harvard 
group including one visit to Dr. Gaba at the Stanford 
Veterans Administration Hospital. That group had already 
entered into a manufacturing agreement with CAE-Link, a 
company that was involved in the development and fabri-
cation of aviation simulators. Gainesville was just starting 

their negotiations with manufacturers and was interested 
in having a beta test site for their unit. We decided to enter 
into this agreement and expected delivery of the unit in the 
Spring of 1994. 

 Initially, the simulator was installed at the Bronx 
Veterans Affairs Medical Center on Kingsbridge Road. 
We had a spare operating room, appropriate monitors, and 
a reasonably current anesthesia machine to dedicate to the 
project. The VA administration was excited and support-
ive of this project and contributed some funds for equip-
ment. Dr. Kayne and Dr. Adam Levine would come up to 
run the simulator sessions for residents. My partner at the 
VA, Dr. Thomas Tagliente, and I would set up and run 
sessions for the four to  fi ve anesthesiology residents who 
rotated through the VA at that time as well as session 
including all members of the operating room staff. 

 Two large-scale simulations were the malignant hyper-
thermia drill and the complete loss of power in the operat-
ing room scenario. Malignant hyperthermia is a 
complicated emergency that many nurses and anesthesi-
ologists never experience. Everyone in the ORs prepared 
for this drill. When we began, things started out sort of 
slowly, but eventually a sense of purpose carried into the 
scenario and everyone focused on performing their role. 
In this capacity, one of the nurses planned to insert a rec-
tal tube for cold-water lavage. The mannequin did not 
have an ori fi ce for the rectum, so the nurse simply lay the 
rectal tube on the metal frame that supported the manne-
quin, close to where an anus would have been. She then 
opened the bag holding the cold water and started to 
shower all of the electronics which were contained under 
the frame. This was completely unexpected, and we had 
to rapidly cut off the simulation and power everything 
down before it got wet. For the loss of power in the oper-
ating room scenario, we worked with engineering to iden-
tify the circuit breakers to cut off power to the OR where 
there simulator was living. They were most helpful. We 
trained everyone, made sure our  fl ashlights were working, 
and started the simulation. I turned off the circuits and 
there was the briefest  fl ash of lights, but everything kept 
working. We called engineering who discovered that the 
emergency generator had kicked in. They needed time to 
 fi gure out how to temporarily disconnect that circuit. We 
rescheduled. After a few weeks, we tried again. This time 
the lights  fl ickered a little more and everything came back 
on. The loss of power was enough to reset some of the 
digital clocks on some of the equipment, but it never got 
dark. The explanation for this was that a second generator 
kicked in and that they would work on disconnecting that 
one temporarily, but they were now getting concerned 
that we were turning off multiple circuits and needed to 
make sure that they would all get turned back on when we 
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were through, as the backup generators were not just for 
one room but the entire OR suite. We  fi nally rescheduled, 
got everyone in position, received con fi rmation from 
engineering that everything was ready, and turned off the 
circuit breakers in the OR. Nothing happened, the most 
demure of  fl ickers if you were paying attention. The engi-
neers were surprised to  fi nd out that a small third genera-
tor designed to power only the ICUs also included the OR 
(but not the recovery room). We gave up and never suc-
cessfully ran the loss of power scenario. 

 Drs. Kayne and Levine decided to try a randomized 
trial of simulation by splitting the incoming class of resi-
dents into two groups, one of which had intense simulation 
multiple days per week while the other half had their stan-
dard in the operating room apprenticeship. Although I do 
not believe the results were ever published, my recollec-
tion was that there was no discernible difference between 
the groups, suggesting that new trainees could acquire 
basic skills in a simulated environment without exposing 
patients to new trainees during their steep learning curve. 

 We were also asked by Dr. Kaplan to use the simulator 
to assess the technical capabilities of some anesthesia assis-
tants. Anesthesia assistant, as opposed to certi fi ed regis-
tered nurse anesthetists (CRNA), was a position that had 
been developed down south. Mount Sinai, which a that 
time had no CRNAs, was considering starting an anesthesia 
assistant program. The two individuals who came to be 
assessed out on the simulator could not have been more 
different. One was a large young man who loved the simu-
lator. He thought it was so much fun, and everything that he 
did was well considered and well done. The other candidate 
was a woman who could never get beyond her own suspen-
sion of disbelief. The mannequin was plastic, not human. 
She has a very hard time performing regular anesthesia 
drills, such as induction and intubation. She kept stopping 
in disbelief. My conclusion to Dr. Kaplan was that the sim-
ulator was not an effective preemployment screening tool. 

 Traveling up to the VA to do simulation was impracti-
cal. Simulation was very time consuming, so Tom and I 
were doing more of this, even though we both were run-
ning a basic science laboratory as well as a clinical ser-
vice. The decision to move the simulator to Sinai 
essentially ended my involvement with simulation in gen-
eral. It sure was fun.   

   A Personal Memoir by Adam I. Levine 

 “Based on my  fi rst simulation experience I saved my 
patient’s life.” 

 It may be a little presumptive to invite myself to write 
my own story alongside pioneers like Mike Good and 
David Gaba. I do so with much gratitude and appreciation 

for both Mike and David for contributing to a  fi eld that 
has been the pillar of my own career.    I also do so to both 
memorialize the “Mount Sinai Story” and highlight my 
own mentors who without their presence I could not 
imagine what I would be doing today or where I would be 
doing it. 

 Like many things in life, it’s all about timing. I was 
fortunate to be at the right place at the right time. I gradu-
ated Icahn School of Medicine at Mount Sinai in 1989 
and was excited to be starting my anesthesiology resi-
dency at Mount Sinai. When I began my education, I cer-
tainly had no plans to become an anesthesiologist, but the 
dynamic faculty of the anesthesiology department at 
Mount Sinai made the practice exciting and intriguing, 
and I was instantly hooked. I was also extremely fortunate 
to have met the then program director, Richard Kayne, 
MD. Looking back I can’t tell you why, but I knew 
instantly upon meeting him that he was destined to be my 
mentor and the absolute reason I ranked Mount Sinai 
number one on my rank list. Boy did I get that right. 

 Instantly I found Richard’s Socratic teaching style 
remarkably appealing for my own education and amaz-
ingly affective when I had the privilege of teaching more 
junior residents and medical students. Having such an 
amazing educational mentor, I knew I was going to stay in 
an academic center and devote my career to educating 
others. During my last year of training, I was fortunate to 
be chosen as a chief resident and even more fortunate that 
this role afforded me an opportunity to not only partici-
pate in further educational activities but also to have an 
administrative role, an experience I never would have 
appreciated otherwise. It was through these experiences 
that I knew I wanted to stay as a faculty member at Mount 
Sinai and that I wanted to be Richard’s assistant helping 
to run the residency. The culmination of these experiences 
led next to amazing opportunities with simulation. 

   BS (Before Simulation) 
 As a resident I knew the department was looking to 
acquire the  fi rst simulator from the University of Florida 
and even joked about it during my chief resident roast at 
graduation ( the way things are going when we get the new 
simulator there will be an attending working with it by 
themselves ). It was during the early nineties and interest 
in anesthesia as a career choice for medical student was 
essentially nonexistent and the department was dramati-
cally reducing the residency numbers causing many fac-
ulty to work by themselves. 

 I attended an early meeting in Florida to see the new 
device. I can remember Sem Lampotang conducting sce-
narios that focused on rare, life-and-death issues including 
machine failures (they had an ingenious way of remotely 
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controlling machine mishaps) and the impossible airway. 
I also remember feeling incredibly anxious and tried to 
stay in the wings fearing that I might be selected to step in. 
As luck would have it, and I say that sarcastically, Sem 
picked me to step up to the head of the bed and save the 
dying patient who could not be intubated or ventilated. 
With little left to do, Sem suggested I perform a needle 
cricothyrotomy and then jet ventilate the patient. Having 
never actually done that and with step by step instruction 
from Sem, I picked up the 14-gauge angiocath, attached a 
10-ml syringe, and with trepidation and trembling hands 
proceeded to perform the procedure successfully, only to 
be ultimately thwarted because I couldn’t  fi gure out how 
to jerry-rig a jet-ventilating device from random OR sup-
plies (an important lesson that we still use to this day… if 
you need to jet ventilate someone you need a jet ventila-
tor). Little did I know at the time that this  fi rst experience 
with simulation would be the reason I would be able to 
save one of my actual patient’s life by performing that 
exact procedure during my  fi rst year of practice when my 
patient’s airway became completely obstructed during an 
attempted awake  fi beroptic intubation.  

   Preparing for Delivery 
 As a new attending and having established my interest in 
education, I was honored when Richard asked me if I wanted 
to be involved with the new simulation initiative at Mount 
Sinai. Dr. Joel Kaplan was my chairman, an innovative 
world famous cardiac anesthesiologist who established a 
department committed to education and prided itself on 
having the latest and greatest technology and being an early 
adopter of that technology, a legacy that lives on in the 
department to this day. It was Joel who wanted simulation at 
Mount Sinai and made sure to support it and allocated the 
necessary resources for the project to succeed. The plan was 
to install the simulator in an available operating room at the 
Mount Sinai Veterans Administration af fi liate in Bronx, 
New York (BVA) (known now as the James J. Peters VA 
Medical Center). In preparation, I attended another early 
“simulation” meeting to see the version of the device we 
were about to receive. The meeting, whose theme was 
teaching with technology, was held in Orlando, Florida, at 
the end of January 1994 and conducted jointly by the Society 
for Technology in Anesthesia (STA) and the Society for 
Education in Anesthesia (SEA) sponsored by the Anesthesia 
Patient Safety Foundation (APSF). There again I met Mike 
and Sem, and once again Sem was conducting his simula-
tion-based road show, which I again tried in vain to avoid 
being selected. 

 In addition to developing an acceptable OR site for the 
equipment, we also pieced together a working audio-

video system with a mixing board capable of recording 
and playing back superimposed performances and physi-
ologic data. We also assembled a team of faculty and con-
ducted frequent  preparatory  meetings at Mount Sinai and 
the BVA to discuss and develop an entirely new method 
of teaching with simulation as we designed the new sim-
ulation-based curriculum, the importance of scenario 
building and debrie fi ng, and planned to conduct an IRB-
approved randomized study collaboratively with the 
University of Florida.  

   Planning to Study Simulation Training 
 In a previous study, Good et al. had demonstrated that 
new residents developed earlier acquisition of anesthesia 
skills from simulation training compared to those that 
learned anesthesia in a traditional manner. Here we 
planned to increase the number of participants and con-
duct a multicenter study where we would split our new 
July 1st anesthesia residents into two groups. One group 
(control) would learn anesthesia traditionally in a clinical 
apprenticeship; the other group (study) would have no 
real patient encounters and would learn basic anesthesia 
skills exclusively on a simulator during the  fi rst 2 weeks 
of training. The topics selected mirrored those being 
taught in Florida, induction of anesthesia, emergence 
from anesthesia, hypoxemia, hypotension, regional anes-
thesia, ACLS, and the dif fi cult airway. Given the fact that 
the study residents would have no true patient encounters, 
we also creatively invented standardized patient encoun-
ters for preoperative evaluation training and mock anes-
thesia machine and room preparation sessions (much of 
these early experiences were incorporated into a lasting 
orientation curriculum we have conducted with all of our 
residents during July and August since 1995). Eventually 
we tested each resident individually with a simulation 
scenario that had one to two intraoperative events 
(hypotension/hypoxia) at 3 and 6 months time intervals. 
Although we oriented the control residents to the simula-
tor and allowed them to use it prior to testing, I was never 
100% comfortable with the study design; were we teach-
ing residents to be better real anesthesiologists, or were 
we teaching people to be better anesthesiologists for a 
simulator (this study  fl aw still affects the validity with 
much of the simulation-based research today). Ultimately, 
we found no difference in performance between the two 
groups, admittedly I was incredibly disappointed. We put 
our hearts and souls into the curriculum and the educa-
tion, and I thought we were creating a supergroup of anes-
thesiology residents capable of early independent care 
during the most challenging of intraoperative events. 
Interestingly, when discussing the results with Mike, he 



352 The History of Simulation

had a unique spin on it and thought this was an enormous 
success. Although we thought the simulated group would 
be superior, Mike anticipated that they would be behind 
the residents who learned on real patients. He thought that 
since we didn’t see any de fi cits in the simulated group, 
this was remarkable proof that simulation-based educa-
tion should be used during early training, so patients don’t 
have to be subjected to the new resident’s steep learning 
curve, and resident education does not have to be compro-
mised. Unfortunately, we never published the results 
because I could never get over what I believed to be a 
major  fl aw in the study design.  

   Serial Number 1: Taking Delivery 
 At a cost of $175,000 dollars, bought with departmental 
funds, we of fi cially took receipt and installed the very 
 fi rst Loral Human Patient Simulator during April 1994 
(Loral licensed the rights from University of Florida). 
During the 2-week installation, Richard and I would 
spend the entire time at the VA, and it was during that 
time that I of fi cially meet Lou Oberndorf, vice president 
of development for Loral; Jim Azukas, lead engineer from 
Loral; and Beth Rueger, the Loral project manager. It was 
also during that time that I worked side by side with Mike 
as the equipment was assembled and tested in OR 7, an 
actual working operating room at the BVA, making it a 
true  fi rst “in situ” simulator. 

 The simulator was an engineering marvel. It was essen-
tially a patient façade, since the mannequin was mounted 
to the steel table. The mannequin was affectionately known 
as “bucket head” (Fig. 1), which accurately described its 
appearance. All computerized actuators and hardware 
were mounted below the device (Fig. 2). Interfacing with 
the existing anesthesia equipment and monitors was pos-

  Fig. 1    Michael Good, MD, professor and dean of the University of 
Florida Gainesville, next to one of the original Gainesville Anesthesia 
Simulators (GAS) later known as the Loral Simulator or “bucket 
head,” METI HPS, and now CAE/METI HPS       

  Fig. 2    One of the original 
table-mounted designs of 
the Loral Human Patient 
Simulator       
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sible and very realistic. Pistons effectively allowed airway 
changes dynamically and drove the lungs reliably. 
Remarkably, the device had physiologic oxygen consump-
tion and exhaled actual carbon dioxide, which was detect-
able by our anesthesia gas analysis system. It also could 
detect inhaled anesthetics and oxygen via an embedded 
stand-alone mass spectrometer. We were like kids at FAO 
Schwarz playing with our new toy and checking out what 
it could do. We were fascinated when we gave the simula-
tor a puff of albuterol, and it became apneic and died. The 
gas vehicle of albuterol is interpreted to be iso fl urane, a 
potent inhaled anesthetic, by mass spectrometry, so the 
simulator behaved as if it was exposed to a massive over-
dose of anesthetic agent…AMAZING!!!!!   

 Even though it was remarkably sophisticated, the early 
version only recognized seven intravenous agents (succi-
nylcholine, atracurium, thiopental, ephedrine, epineph-
rine, fentanyl, and atropine), ran on DOS software, and 
could not be easily programmed. In order to make the 
simulator behave a certain way, medications had to be 
administered through the computer interface. For exam-
ple, if you wanted the simulator to stop breathing, either 
paralytic, fentanyl or thiopental had to be given. 
Interestingly there was no naloxone, but you could admin-
ister negative doses and subtract off the fentanyl as if a 
reversal agent was given. Although programming was not 
initially possible, Mike and Jim gave us access to the soft-
ware code to the “shunt fraction.” This allowed us to 
develop hypoxemia scenarios, and this therefore was the 
 fi rst physiologic parameter that was programmable. 

 Things weren’t always smooth sailing during these early 
days. Apparently during the reengineering of the simulator, 
hardware substitutions created software and hardware 
incompatibilities, and occasionally the ECG and/or the 
pulse oximeter would go a little haywire, and the patient 
would spontaneously desaturate or become tachycardic. 
This was to be expected given the fact that this was a beta 
unit and the  fi rst one ever built. Occasionally we had inter-
nal  fl ooding from the drug recognition system. At the time 
the barcode scanner was attached to the metal table. The 
syringe had to be manually scanned and then injected. The 
volume was collected in a bag inside a Lucite box sitting on 
top of a scale (during initial simulator booting, we had to 
tare the scale for drug dose accuracy). Every so often the 
bag would over fl ow and the box would leak internally—
bad for computerized parts to say the least. 

 Although we had 3 months to get things in order and 
create the scenarios for the new residents and the study, 
we ended up needing every moment of that time to create 
the curriculum and develop cases with the existing tech-
nology. The lessons learned during the early days proved 

invaluable as the simulation technology improved and 
scenario building and programming became possible.  

   July 1, 1994 
 During the initial launch, we learned a lot about simula-
tion, simulation-based education, and formative assess-
ment (and debrie fi ng as a whole). Richard and I were 
fascinated by the process and the prospect of introducing 
simulation to a broader audience and were convinced that 
this technology was hugely advantageous to medical edu-
cators and would naturally be part of all training pro-
grams. I can remember during the  fi rst week of the project, 
when one of our new residents, Mike Port, who induced 
anesthesia with a bolus of thiopental, had dif fi culty with 
the intubation and spontaneously turned on iso fl urane and 
ventilated the patient with inhaled anesthetic. When asked 
why, Mike stated that he did not want the patient waking 
up while he worked through the airway issue (remember 
this resident had never given an anesthetic to an actual 
patient, and here he was managing the patient way beyond 
his level of education). Richard and I turned to each other 
and thought this was one of the most incredibly powerful 
environments for education and student self-discovery 
when we saw that. Another memorable event occurred 
during the testing phase, Kenneth Newman (Fig. 3), 
a study group resident, failed to place the pulse oximeter 
on the patient and conducted the entire anesthetic without 
saturation monitoring. Needless to say he never detected 
the hypoxic event, but to this day Ken has never forgotten 
about his mistake and brings it up frequently and every 
time we get together to conduct a PBL together at annual 
anesthesia meetings. Recognizing the power of mistakes, 
errors, and failure was born from such early experiences 
and has set the tone of our simulation scenarios and our 
research efforts to this day.   

   Lessons Learned 
 During the initial project launch and the early years, we 
were essentially inventing much of what we were doing 
with simulation. Although Mike, Sem, and the team from 
Florida served as phenomenal resources, much of what 
we did in those early years was created on the  fl y and 
allowed us to develop a style that was all our own and that 
worked for us. Although much of the curriculum from 
Florida revolved around tasks and simple maneuvers, we 
started developing elaborate scripts and scenarios that 
were developed to illustrate the topics to be covered. In 
addition to the primary topics like hypoxia and hypoten-
sion, much of the curriculum focused on team training 
and building, handoffs, error reduction, professionalism, 
and communication. It was also clear that residents in the 
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simulator would become exceedingly cautious and hyper-
vigilant; thus, the “pushy” surgeon was born, coaxing 
them to get going or the “bothersome” nurse creating dis-
traction with frequent interruptions or introducing poten-
tial errors (drug swaps and blood incompatibilities). 
Scenarios too would be developed to create distraction; 
simulation participants knew something was coming and 
tried to predict the event based on the background story. 
Obviously the ability to anticipate events is an indispen-
sible ability as an anesthesiologist, but it can cause a sim-
ulation to lose its educational power or to become derailed. 
Therefore, asthmatic patients rarely got bronchospastic, 
and dif fi cult airway cases were always framed in another 
complex case like obstetrics or thoracic. As the scenarios 
became more and more elaborate, so too did our scenario 
programming. By the end of the DOS era, all of scenarios 
would cause the software to crash; thus, the adage that 
“no simulated patient would die” was instantly thrown 
out since all scenarios ultimately ended in asystole—it 
was then more likely that “no simulated patient would fail 
to die.” From these experiences it was also apparent that 
our students themselves didn’t wither and die from undue 
stress. In fact upon arrival to the simulator they would 
proudly proclaim “were her to kill another one”, demon-
strating an early bene fi t of “stress innovation” (Chap.   5    ). 

 It was clear that having the simulator off-site proved to 
be a logistic impossibility and neither faculty nor resi-
dents could make use of the technology, so we moved the 
equipment to the Mount Sinai campus during the spring 
of 1995 and installed it into an available operating room 

and continued with “in situ” simulation. On July 1 1995, 
we introduced a simulation-based education for all of our 
new anesthesiology residents during a unique 7-week 
simulation-based curriculum modeled after our study 
curriculum. We have conducted this course as part of our 
residents’ anesthesia orientation every year since 1995. It 
was during this time that we also introduced the technol-
ogy for medical student education and readily developed 
simulation-based physiology courses on the pulmonary, 
cardiovascular, and autonomic nervous system. These 
labs have also been conducted annually since their incep-
tion in 1996.  

   AS (After Simulation) 
 In 1995, Mike Good and Lou Oberndorf would come to 
Mount Sinai periodically to demonstrate the simulators 
to a variety of people. Initially I attended these meetings to 
simply turn the equipment on, but naturally I became the 
person they wanted to talk to and hear from. I had no 
 fi nancial connection with the company or the technology 
but spoke openly about the device and its use as an educa-
tor. Little did I know, these people were thinking of invest-
ing in a start-up company that would allow the simulation 
technology to live on. Fortunately for all of us, invest they 
did and in 1996, 2 years after serial number one arrived at 
Mount Sinai, Medical Education Technologies Inc. 
(METI) was born. As an early simulation expert, I would 
travel to other programs and give grand rounds and simu-
lation demonstrations. Many of the people I met along the 

  Fig. 3    Kenneth Newman, 
MD, using one of the 
original simulators during 
a Dif fi cult Airway 
Workshop at the New 
York State Society of 
Anesthesiologist 
Postgraduate Assembly 
(Circa 1996)       
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way have been lifelong friends and are thankfully contrib-
uting to this textbook. One memorable visit to Colorado 
(and one both Mike and I remember) really sticks out as to 
how truly amazing the equipment is. When I arrived for 
the simulation demonstration, several METI technicians 
were puzzled by the fact that the simulator was breathing 
at a rate of 22–24 per min (it was modeled to have a base-
line respiratory rate of 12–14). I told them that I felt winded 
when I got off the plane, and the simulator, with its ability 
to sense the low oxygen tension, tried to improve its own 
oxygenation by increasing its respiratory rate. During this 
demonstration, we were also able to demonstrate that you 
can suffocate the simulator by placing a plastic bag over its 
head. The equipment desaturated; became hypercarbic, 
tachypneic, and tachycardic; developed ectopic cardiac 
beats; and ultimately arrested. 

 In 2000, as Mike became more involved with admin-
istrative responsibilities at the University of Florida, 
I was offered the role of associate medical director of 
METI, which I readily accepted and maintained from 
2000 to 2002. It was a part-time consulting position but 
 established at a time METI was developing its new man-
nequin, and I got to participate in its design. This was a 
memorable time for me and I looked forward to monthly 
meetings with Jim (Azukas) at a sculpting house in 
Manhattan to watch the progress and make technical rec-
ommendations as the mannequin sculpture took shape. 
The sculpture would ultimately serve as the mold for the 
rendering of the plastic mannequin. When I  fi rst saw the 
original form, I asked “why so large?” and was told this 
was because the plastic would shrink 9–10% in the cur-
ing process, and we (METI) want to have an adult male 
mannequin to be 5 ft 10 in., the average adult American 
male. Unfortunately, the plastic only shrunk 2% and the 
simulator ended up much bigger than anticipated; yup 
he’s a big guy. 

 Although frustrating as the process could often be, I 
am still to this day very proud of the arterial track design, 
instead of the typical cut outs where one would feel 
pulses; the company went with my suggestion and created 
furrows in the arms allowing the arterial tubing to descend 
into the arm resulting in dissipating pulses as one pro-
gresses proximally. 

 During the last decade and a half, we have upgraded, 
added, and moved our simulators many times. We have 
had seven to eight generations of HPSs and no fewer 
sites to conduct simulation. In 2002 we established our 
permanent facility, the HELPS (Human Emulation, 
Education, and Evaluation Lab for Patient Safety and 
Professional Study) Center, located in our newly built 
of fi ce space. 

 We also achieved several milestones during that time. 
We became one of the  fi rst multi-simulator centers when 
we acquired our second METI HPS (along with one of the 
 fi rst pediatric simulators) in 1997. We did so in order to 
ef fi ciently conduct simultaneous small group physiology 
labs for the expanding medical school. That same year we 
conducted one of the  fi rst interdisciplinary simulations. 
With the help of METI, we moved our simulator to our 
level 1 trauma center af fi liate in Queens, NY, so we could 
create simulations for a NOVA special on head trauma. 
   Gathering attendings and trainees from anesthesiology, 
neurosurgery, emergency medicine, and general surgery, 
along with respiratory therapists and ER nurses, we con-
ducted an entire day of trial simulations before the actual 
 fi lming scheduled for the following day. Early in the day, 
I witnessed a lot of missteps and miscommunication and 
poor follow-through. As expected the patients did poorly. 
Interestingly midday some of the participants turned to 
me and asked if I was making the scenarios easier, because 
the patients were doing better. I simply replied no; over 
the course of practicing, the team was simply working 
together more effectively with improved leadership, com-
munication, and follow-through (closed-loop communi-
cation). Ironically or fortuitously or both, we did these 
simulation on the  fi rst of a month, and the trauma team 
had yet to work together in a real case, and the trauma 
team leader, the chief resident of general surgery, also 
never ran a trauma team before these simulations. Months 
later a medical student on his anesthesiology rotation told 
me soon after the  fi lming, which he witnessed, the same 
team was called to a trauma and it was remarkably similar 
to one of the simulated scenario. He told me that the team 
and the patient did great and many commented that the 
simulations were invaluable. Based on these experiences, 
the city hospital purchased its own simulator. It’s ironic to 
think that we were only planning for a TV spot and what 
we were actually doing was deliberate multidisciplinary 
team training in the simulator. In addition to a prime spot 
in a NOVA special, our program was highlighted on the 
cover of the New York Times, and CNN’s Jeanne Moos 
did a nice and yes humorous piece about the program. 

 We pride ourselves in staying true to our roots; all sim-
ulations are run by physicians and conducted from our 
very modest (1,500-ft 2  center) yet technologically sophis-
ticated HELPS center. We have developed a multidisci-
plinary simulation curriculum from our American Society 
of Anesthesiologists (ASA)-endorsed center and conduct 
MOCA courses as well as a multitude of educational prod-
ucts for a variety of audiences and learners. In addition we 
have developed unique simulation-based programs includ-
ing our community service programs for local underprivi-
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 Features of the early commercial model were interchange-
able genitalia, programmable urine output, and an automatic 
drug recognition system that relied on weighing the volume 
of injectate from bar-coded syringes. Loral Data Systems 
later sold its interest in the GAS to Medical Education 
Technologies Inc., founded in 1996. This product was 
renamed the Human Patient Simulator (HPS). The Gainesville 
simulation group (S. Lampotang, W. van Meurs, M.L. Good, 
J.S. Gravenstein, R. Carovano) would receive nine patents on 
their new technology before the turn of the century (see 
Table  2.3 )  [  95–  103  ] . Cost limited the purchase of these 
 mannequins to only a small portion of medical centers. The 
initial cost was ~$250,000 just for the mannequin and accom-
panying hardware and software. This did not include medical 
supplies such as monitors or anesthesia machines or dispos-
able patient care products. METI released the  fi rst pediatric 
mannequin in 1999. It used the same computer platform as 
the HPS adult mannequin.  

 After the merger between    Laerdal and Medical Plastics 
Laboratory (MPL), METI was not able to purchase MPL’s 
models to be converted into their HPS mannequins. METI 
began a process of designing and manufacturing their own 
mannequins with progressively more realistic features includ-
ing pliable skin, a palpable rib cage, and pulses that became 
less prominent as the arteries traveled up the extremities. 
Working in a sculpting house in Manhattan, the original 
human models were fashioned in clay, went through many 
iterations, and were intended to result in a male human form 
5 ft 10 in. tall (due to a miscalculation in the curing process, 
the resulting mannequin turned out to be much larger). Then, 
METI responded to Laerdal’s challenge with the development 
of the price competitive Emergency Care Simulator (ECS) 
in 2001. In 2003 METI released the  fi rst computerized pel-
vic exam simulator. Their  fi rst infant simulator, BabySim®, 
was released in 2005. PediaSim® transitioned to the ECS® 
platform in 2006. METI released iStan® as its  fi rst tetherless 
mannequin in 2007. The funding and impetus for the design 
and manufacture of iStan® came from the US military. They 
needed a training mannequin that was portable and durable 
enough to be dropped on the battle fi eld.    METIMan®, a lower-
cost wireless mannequin designed for nursing and prehospi-
tal care, was released in 2009. An updated version of iStan® 
and METI’s new user Internet-based interface, MUSE®, 
were released in 2011. In August 2011, CAE Healthcare 
acquired METI® for $130 million. Their combined product 
line includes METI’s mannequins and associated learning 
solutions and CAE Healthcare’s ultrasound and virtual reality 
endoscopy and surgical  simulators. METI has sold an approx-
imate 6,000 mannequin simulators worldwide. 

leged elementary, middle school, and high school students, 
our very popular elective in simulation for medical stu-
dents, and our clinical educator track for residents inter-
ested in clinical educational careers. I know Joel Kaplan 
wanted to start using simulation for faculty assessment 
when he was chair; in fact it was for this reason that Joel 
was particularly interested in acquiring simulation at 
Mount Sinai. Fortunately I managed to de fl ect its use for 
this purpose for several years and long enough for Joel to 
leave Mount Sinai to become the Dean of Louisville. 
Although at the time I never had to don a “black hood” 
and assess our own faculty, we now do so frequently and 
provide an exceedingly valuable reentry program of 
assessment and retaining for anesthesiologists seeking to 
maintain or regain competence, licensure, and their clini-
cal practice. This idea is often surprising when we talk 
about it to others—but we had been planning to use the 

simulator for physician assessment before it even arrived 
in the 1990s. 

 I am currently blessed to be surrounded by wonderful 
collaborative colleagues like Drs. DeMaria, Sim, and 
Schwartz, who are my coeditors of this textbook. I attri-
bute much of our center’s recent research and academic 
success to Dr. Samuel DeMaria, who joined me as an 
elective student nearly 8 years ago and who himself has 
now become a mentor to an entire generation of students 
and residents interested in education and simulation. 

 I could not be happier and I am proud to dedicate this 
book and this memoir to all of my mentors and could not 
be more thrilled to assemble the world’s simulation 
experts to contribute to a textbook that punctuates my 
lifelong career. We’re involved in something great here, 
and mine is just another part of the interesting road this 
technology has taken to be where it is today.   

   Table 2.3    Gainesville Anesthesia Simulator patents   

 Patent #  Subject  Date awarded 

 5,391,081  Neuromuscular stimulation  2/21/1995 
 5,584,701  Self-regulating lung  12/17/1996 
 5,772,442  Bronchial resistance  6/30/1998 
 5,769,641  Synchronizing cardiac rhythm  6/30/1998 
 5,779,484  Breath sounds  7/14/1998 
 5,868,579  Lung sounds  2/9/1999 
 5,882,207  Continuous blood gases  3/16/1999 
 5,890,908  Volatile drug injection  4/6/1999 
 5,941,710  Quantifying  fl uid delivery  8/24/1999 
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  Pioneers and Pro fi les: 
A Personal Memoir by Lou Oberndorf 

   The Birth of a Healthcare Learning Revolution: 
The Development of the Healthcare Simulation 
Industry for an International Commercial Market 
 Most young people entering a healthcare profession today 
will save the life of a human patient simulator that pulses, 
bleeds, and breathes before they save a human life. They 
will engage in hours of intensive, hands-on learning that 
was unavailable to their counterparts just a generation 
ago. They will immerse themselves in more complex crit-
ical care scenarios than they might see in a lifetime of 
practice and will respond without any risk to a real patient. 
That is nothing short of a healthcare learning revolution—
and it has occurred within the span of less than 15 years. 

 In 1994, I visited a young research team at the 
University of Florida that was working on the GAS—the 
Gainesville Anesthesia Simulator. Led by Dr. Joachim 
Stefan “J.S.” Gravenstein, a world-renowned anesthesi-
ologist and patient safety expert, they had obtained fund-
ing to develop a practice patient for anesthesia residents. 
Taking a lead from  fl ight simulation, they wanted to be 
able to recreate rare, life-threatening events that could 
occur with an anesthetized patient. Their vision would 
require nothing less than engineering a three-dimensional 
model of a human being. 

 With funding from the Anesthesia Patient Safety 
Foundation, the Florida Department of Education, 
Enterprise Florida, and the University of Florida, 
Dr. Gravenstein had assembled an interdisciplinary team 
to build a human patient. The  fi ve-member team of inven-
tors consisted of physicians, engineers, and a business-
man—Dr. Gravenstein; Dr. Michael Good, who is 
currently dean of the University of Florida College of 
Medicine; Mathematical Modeler Willem Van Meurs; 
Biomedical Engineer Samsun “Sem” Lampotang; and 
Ron Caravano, who had recently completed his MBA. 

 I was the vice president of marketing and business 
development for Loral, a top-ten defense company based 
in New York City. In the early 1990s, Loral was the larg-
est simulation training contractor in the defense industry. 
At the time, the industry had forecast a downturn in 
defense budgets, so companies were looking for ways to 
use their technologies in nondefense arenas. In my posi-
tion, I sought out technologies that Loral could incubate 
to create new commercial businesses, and I managed an 
emerging markets portfolio. 

 My 10 years of experience in the United States 
Air Force and 20 years in the aerospace industry had 
taught me the value of simulation as a learning tool. 
While I did not have a background in patient safety or 

physiology, I understood the power of simulation to train 
professionals. 

 When I watched the GAS mannequin in a University 
of Florida lab for the  fi rst time, I was blown away. The 
inventors had created a cardiovascular, respiratory, and 
neurological system that was modeled after human physi-
ology. I saw enormous possibility and the opportunity to 
create a business. 

 The team had worked on re fi ning the model for several 
years. They had advanced the technology down the road 
and were representing an anesthesia patient very accurately. 
However, the GAS mannequin was tethered to a table, and 
it was not an easily reproduced piece of equipment. 

 At that time, in 1994, there was one other advanced 
patient simulator under development in the United States, 
at Stanford University in California. The international 
medical mannequin business consisted of task trainers 
and CPR dummies. Ray Shuford, an industrial engineer 
and vice president at Loral, and I negotiated a license with 
the University of Florida in 1994. Ray would oversee 
development of the patient simulator within Loral’s plant 
in Sarasota, Florida. 

 Our  fi rst job was to industrialize the product—to create 
an assembly process, documentation, source material, and 
a business plan. We delivered Loral’s  fi rst human patient 
simulator to Dr. Adam Levine of Icahn School of Medicine 
at Mount Sinai in April of 1994. The price was $175,000. 

 Over the next 2 years, Loral sold 13 human patient 
simulators, mostly to anesthesia departments in medical 
schools and often to people who knew of the inventors. 
Anyone who purchased the HPS was stepping out, taking 
a risk on a product that had never existed before. Dr. 
Takehiko  Ikeda, an anesthesiologist with Hamamatsu 
University  in Japan, was the  fi rst international buyer. 
Santa Fe Community College in Florida was also an early 
adopter, with the help of funding from the State of Florida 
Education Department. 

 While a number of aerospace and defense companies 
were interested in healthcare simulation, we had only one 
competitor in our specialized  fi eld. CAE, the  fl ight simu-
lation company based in Canada, licensed the Stanford 
University patient simulator, and we competed head-to-
head in anesthesia departments for the  fi rst 2 years. 

 I participated in sales calls to witness  fi rsthand the 
reaction of potential customers. We met with the early 
adopters, the risk takers who love technology. They were 
all academics and anesthesiologists. Their reactions 
con fi rmed my instincts that this could be a very effective 
medical training tool. 

 But after 2 years of trying to introduce a radical new 
way of teaching healthcare as a defense company, Loral 
had not progressed very far. The corporation decided they 
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were going to close the doors on patient simulation and 
medical education as a business area. 

 I had seen the power of it, and I couldn’t allow that to 
happen. At the end of 1995, I approached Loral with the 
proposition that I buy the licenses, assets, and documenta-
tion to spin off a new company. This would not be an enter-
prise underwritten by a large corporation with deep 
pockets—I raised the money by taking out a second mort-
gage on my house and securing one other private investor. 

 In 1996, with only $500,000 in working capital,  fi ve 
employees, and two systems worth of parts on the shelves, 
we spun the business off from Loral and founded METI—
Medical Education Technologies Inc. Loral elected to 
keep a stake in the company, and we remained housed 
within their Sarasota plant. 

 Loral and CAE had sold more than 30 patient simula-
tors in the United States. There was a toehold in the medi-
cal education market for both products. However, now 
that we were focused exclusively on patient simulation, 
we had to  fi nd a way to very quickly ramp up the number 
of simulators we were selling. Within the  fi rst year, we 
made strategic decisions that de fi ned us as a company and 
opened the doors to rapid growth. 

 In our travels, I had learned that the biggest technology 
shortfall was that the simulator was anchored to the table. 
An early, driving philosophy and strategic goal was to 
make the simulator more  fl exible and more mobile. 
I wanted to take the technology to the learner, not make 
the learner come to the technology. 

 The table housed the computer, the lungs, the pneumat-
ics, and the  fl uid for the simulator. We made the  decision 
to take it off the table and put all of our initial research 
and development effort into having it ready to debut at an 
annual meeting of anesthesiologists. We bet the farm on 
it. Within 90 days, our engineering team had taken it off 
the table, and the newly renamed METI HPS premiered 
at the 1996 American Society of Anesthesiologists (ASA) 
annual conference. 

 We had disrupted the technology—something I didn’t 
have the phrase for until years later, when I read  The 
Innovator’s Dilemma  by Clay Christensen. Disruptive 
technologies, according to Christensen, are innovations 
that upset the existing order of things in an industry. We 
were determined from the start that we would always dis-
rupt our own technology rather than have someone do it 
for us. That principle de fi ned METI for many years and 
led ultimately to the creation of the world’s  fi rst pediatric 
patient simulator, PediaSIM, and the  fi rst wireless patient 
simulator, known as the METI iStan. 

 We sold our  fi rst redesigned HPS model before the end 
of 1996. It was purchased by the National Health Trust 
learning center in Bristol, England. In a span of a few 

months, we had become a global company. At the time, 
there were approximately 120 schools of medicine in the 
United States. We knew our success would be dependent 
on reaching a wider audience. We decided to add two 
market segments—nursing education and combat medi-
cine for the military. The academic medical community at 
the time didn’t think nursing schools needed advanced 
patient simulation or that they could afford it. I was con-
vinced they did need it and that patient simulation could 
bring about a learning revolution in all of healthcare. 

 We were fortunate to have political leaders in the state 
of Florida who agreed. We met with Florida’s Governor 
Lawton Chiles and Secretary of Education Betty Castor, 
who was also in charge of workforce development. They 
wanted nursing students to have access to patient simula-
tion and said they would provide matching funds for four 
simulators per year in Florida’s community colleges. 
Subsequent governors and secretaries of education con-
tinued to support funding for our patient simulation. 

 In the military, we were immediately successful with 
simulation executives with the US Army in Orlando. 
Within months, we had established the framework that 
would de fi ne our growth in the following years—we sold 
to schools of medicine, schools of nursing, community 
colleges, and the military. We were a global company. And 
we were dedicated to relentless technological innovation. 

 Within a year or so of the launch of METI, we intro-
duced PediaSIM, the  fi rst pediatric simulator. By 1997, 
METI was pro fi table. For the next 11 years, we grew reve-
nues by an average of more than 25% each year. By 1998, 
CAE had exited the marketplace, and by 2000, we were the 
only company producing high- fi delity patient simulators. 

 Long before social marketing was a common practice, we 
adopted the concept of the METI family as a company value. 
As we were a start-up, everyone who made the decision to 
purchase a METI simulator in the early years was putting his 
or her career on the line. They didn’t know if METI could 
survive and be counted on to be a true educational partner. 
From the beginning, we valued every customer. 

 In the late 1990s, we brought together 13 of our educa-
tors and faculty in a small conference room in Sarasota, 
Florida, to engage in dialogue about simulation, what 
they needed for their curriculum, and what we were pro-
ducing to advance the industry. That was the launch of 
what is now the Human Patient Simulation Network 
(HPSN), an annual conference that attracts more than 
1,000 clinicians and educators from around the world 

 When the United States Department of Defense initi-
ated its Combat Trauma Patient Simulation program, we 
partnered to create a virtual hospital system that would 
simulate the entire process of patient care—from the point 
of injury or illness to medical evacuation to an aid station 
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and then to a surgical center or hospital. On September 
10, 2001, it was research and development project. On 
September 12, 2001, it was a capability whose time had 
come. The CTPS program was the foundation of our 
METI Live virtual hospital program. 

 In the early years, whenever we shipped an HPS, the 
inventors would travel with the simulator to help install 
it and provide basic training on the technology. Most of 
the faculty who purchased the simulators were young 
and very comfortable with technology, and they created 
their own curriculum with the authoring tool we 
delivered. 

 But at METI, we always had twin passions—innova-
tion and education. As we grew, we realized we needed to 
build a library of curriculum for our patient simulators. 
We reached out to our family of educators and clinicians 
and partnered to develop what we now call simulated 
clinical experiences (SCEs) for critical care, nursing, 
disaster medical readiness, advanced life support, infant 
and pediatric emergencies, and respiratory education. 

Over the years, we created hundreds of SCEs that were 
validated by our education partners. 

 In 2001, we learned that the largest medical manne-
quin task trainer manufacturer in the world, Laerdal, 
would enter the patient simulation market with the launch 
of its mid- fi delity SimMan. Laerdal’s entry both validated 
and challenged us. To compete on price, we pushed to 
launch our ECS Emergency Care Simulator, a more 
mobile and affordable version of the HPS. Our subsequent 
products retained the HPS physiology, but they were even 
more mobile, more affordable, and easier to operate. 

 Before we founded METI, there were 13 Human 
Patient Simulators in the world, and they were consigned 
to small departments in elite medical schools. Today, 
there are more than 6,000 METI simulators at healthcare 
institutions in 70 countries. Students and clinicians at all 
levels of healthcare have access to this technology, and 
more lives are saved each year because of it. We’ve been 
on an extraordinary journey and have been involved with 
changing the way healthcare education is delivered.  

 Several European centers developed their own economi-
cal designs of computerized simulation mannequins. Two 
European products would never become commercial and 
were instructor driven rather than model based. Stavanger 
College in Norway developed a realistic simulator named 
PatSim in 1990. This product did have some unique features. 
Hydraulic pressure waves in simulated arteries produced the 
arterial waveforms instead of electronic pulse generators. 
The mannequin had a visual display of cyanosis and was 
able to regurgitate  [  104  ] . The mannequin could breathe 
spontaneously and could display several potential incidents 
including laryngospasm, pneumothorax, and changes in lung 
compliance and airway resistance. The Anaesthetic 
Computer-Controlled Emergency Situation Simulator 
(ACCESS), designed at the University of Wales, was also 
described in a 1994 report  [  105  ] . This model was very inex-
pensive using simple resuscitation mannequins and a micro-
computer to emulate the patient monitor. Experts performed 
better than junior trainees in managing medical crises. They 
had fewer patient deaths and resolved incidents in less time 
suggesting good validity. By 2001, the ACCESS simple 
model was used by ten different centers in the UK  [  85  ] . 

 Two other European centers developed more sophisti-
cated model-driven simulators. The Leiden Anaesthesia 
Simulator was launched at the 1992 World Congress of 
Anaesthesia. The Stanford group assisted in the formation of 
this product by sharing technical details of the CASE simu-
lator  [  86  ] . This model used a commercial intubation man-
nequin with an electromechanical lung capable of spontaneous 

or controlled ventilation  [  106  ] . This group also demonstrated 
the ef fi cacy of simulator training for residents in the manage-
ment of a malignant hyperthermia critical incident  [  107  ] . 
This simulator would eventually incorporate physiologic 
models. The Sophus Anesthesia Simulator from Denmark 
debuted in 1993. Its development was chronicled in a book-
let  [  108  ] . An updated version was described 2 years later 
 [  109  ] . The Sophus simulator was also adopted by the 
University of Basel, Switzerland. That group added animal 
parts to develop a mixed-media multidisciplinary team-train-
ing simulator known as Wilhelm Tell. This group’s version 
of Crisis Resource Management was Team Oriented 
Management Skills (TOMS)  [  85,   110  ] . 

 The growth of simulation centers was relatively slow in 
the early to mid-1990s. In the pro fi le of cumulative growth, 
several waves of increased activity are visible (see Fig.  2.3 ). 
After the initial launch of commercial products in 1993–
1994, simulation center expansion continued at a pace of 
approximately ten centers per year worldwide for 2 years. 
Although MedSim had a slight head start in commercial-
ization, MedSim and METI had installed approximately 
equal number of units by 1996. Centers in Boston, Toronto, 
Pittsburgh, and Seattle in the USA and centers in Japan 
and Belgium featured the MedSim model. METI was in 
operation at US centers in NYC, Rochester NY, Augusta, 
Hershey, Nashville, and Chapel Hill and in Japan. New 
centers appeared at triple that rate for the next 2-year 
period from 1997 to 1998. Growth slowed again for the 
time period between1999 and 2000. METI developed stra-
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tegic alliances with the military and aimed marketing 
efforts at allied health training programs especially in 
Florida and international markets in Japan, Africa, and 
Australia. METI jumped into the lead by the start of the 
next century, and MedSim was out of the mannequin busi-
ness completely.  

 In 2000, MedSim was gone but there were new products 
on the horizon. After a year of beta testing, Laerdal launched 
its  fi rst computerized commercial mannequin, SimMan®, in 
2001. This product had most of the features of previous mod-
els at a fraction of the cost. It debuted for less than $50,000. 
SimMan® did not incorporate any computer modeling of 
physiology. The mannequin responses were driven by the 
instructor. The original SimMan® of fi cially retired after 10 
years of service and 6,000 units sold. He was replaced by the 
updated wireless version, SimMan Essential®. The wireless 
SimMan 3G was an intermediate step. In 2002, Laerdal 
began to work with Sophus to develop microsimulation and 
formally acquired Sophus the following year. Laerdal intro-
duced two infant mannequins, SimBaby® and SimNewB®. 
Later they began selling PROMPT® birthing simulator from 
Limbs and Things. They then released a low-cost realistic 
trainer MamaNatalie® in 2011 for use in underdeveloped 
regions in an effort to decrease perinatal mortality. Laerdal 
also became the distributor for Harvey®, The Cardio-
pulmonary Patient Simulator, and the associated UMedic, a 
multimedia computer-based learning curriculum. 

 Gaumard also transitioned from task trainers to enter the 
arena of computerized mannequins with the introduction of 
Noelle® in 2000. In 2002 and 2003, Gaumard launched their 
PEDI® and Premie® models. The production of a cheaper, 
simpler lower- fi delity family of mannequins began with teth-
erless HAL® in 2004. Three pediatric HAL® models were 

added in 2008 (see Table  2.2 ). Gaumard introduced the  fi rst 
and only non-obstetric female computerized mannequin, 
Susie®, in 2010. 

 The sale of mannequins and founding of simulation centers 
exploded during 2000–2010 with two spikes of accelerated 
activity (see Figs.  2.4  and  2.5 ). The  fi rst peak, 2003–2005, 
coincided with the establishment of the Society for Simulation 
in Healthcare in 2004 and the introduction of new products by 
several vendors. The second burst, 2008–2009, may be related 
to the popularity of in situ simulation facilitated by the new 
wireless technology. A signi fi cant slowing of new develop-
ment in 2010 is concerning. Hopefully, this is a temporary 
event and not a marker of decreased utilization of simulation.                   

   Surgical Simulation 

 In the 1990s, four major forces stimulated development of 
computerized surgical simulation. The  fi rst was the rising 
acceptance and popularity of minimally invasive procedures 
as alternatives to traditional open operations. Early surgical 
simulators emphasized the development of eye-hand coordi-
nation in a laparoscopic environment. The simple Laparoscopic 
Training Box (Laptrainer) by US Surgical Corporation facili-
tated practice of precision pointing, peeling, knot tying, and 
precise movement of objects. The Society of American 
Gastrointestinal Endoscopic Surgeons (SAGES) was the  fi rst 
group to develop guidelines for laparoscopy training in 1991. 
Crude anatomic models were the  fi rst simple simulators 
 [  111  ] . The KISMET simulator appeared in 1993 and incorpo-
rated telesurgery. The Minimal Access Therapy Training Unit 
Scotland (MATTUS) was the  fi rst effort of national coordina-
tion of training in these procedures  [  112  ] . 
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 The second force contributing to the development of sur-
gical simulation was the progression of computing power 
that would allow increasingly realistic depiction of virtual 
worlds. The third critical event was the completion of the 
 fi rst Visible Human Project by the National Library of 
Medicine in 1996. This dataset, based on radiologic images 
from actual patients, enabled accurate three-dimensional 
reconstruction of anatomy. Finally, the transition of medical 
education from an apprenticeship format to competency-
based training with objective assessment was key for the 
acceptance of simulation in surgery  [  113,   114  ] . 

 Canadian pioneer Dr. Richard Reznick ignited the evolu-
tion of objective measurement of surgical skills with the 
Objective Structured Assessment of Technical Skills (OSATS) 
 [  115,   116  ] . Canadian colleagues also released the McGill 

Inanimate System for Training and Evaluation of 
Laparoscopic Skills (MISTELS) which formed the basis for 
the current golden standard in surgical training evaluation, 
the Fundamentals of Laparoscopic Surgery (FLS)  [  117  ] . 
FLS was validated by SAGES, and it is a joint program 
between SAGES and the American College of Surgeons 
(ACS). These programs are propelling surgical training 
down the path of criterion-based training (mastery education 
model) instead of the traditional time-based path. Training 
devices needed to evolve to support mastery education in 
surgery. 

 Three crude virtual reality trainers appeared in the 1987–
1992  [  118,   119  ] . The subjects of these prototypes that didn’t 
progress beyond the investigation stage were limb move-
ment, wound debridement, and general surgery. The  fi rst 
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commercial unit was the Minimally Invasive Surgical Trainer 
(MIST-VR)  [  120,   121  ] . MIST-VR was felt to be an improve-
ment over simpler models because it could accurately track 
performance, ef fi ciency, and errors. Transfer of skills learned 
in the trainer to the operating room in the form of increased 
speed and reduced errors was reported  [  122,   123  ] . Similar 
bene fi ts were described for the early Endoscopic Surgical 
Simulator (ESS), a collaboration between otolaryngologists 
and Lockheed Martin that prepared residents to perform 
sinus surgery  [  124  ] . The MIST trainer is currently available 
from Mentice Inc. Mentice was founded in 1999. Mentice 
launched the  fi rst endovascular simulator VIST in 2001 and 
later added a small compact version called the VIST-C. The 
FDA recognized the value of simulation training by requir-
ing practice in a simulated environment before approval to 
use new carotid vessel stents. Mentice also acquired and 
markets the Xitact™ IHP and Xitact™ THP haptic laparo-
scopic devices. 

 HT Medical, founded in 1987 by Greg Merril, demon-
strated its  fi rst virtual reality endoscopy simulator in 1992. 
Based on this success, HT Medical was acquired by 
Immersion in 2000, a company that focused on nonmedical 
haptic hardware and software for gaming and the automobile 
industry. The BMW iDrive was developed in collaboration 
with Immersion and represented one of the  fi rst computer/
haptic interfaces in a motor vehicle. The new division that 
focused on haptic devices for healthcare training was named 
Immersion Medical Inc. They expanded their product line to 
include endovascular simulation, bronchoscopy simulation, 
ureteroscopy simulation, an intravascular catheter simulator 
(now Laerdal’s Virtual IV ®), a robotic arm for orthopedic 
surgery, and the high- fi delity Touchsense® tactile and force 
feedback systems. An updated version of the endoscopy sim-
ulator is still in production today as the CAE Endoscopy VR 
Surgical Simulator  [  125  ] . CAE Healthcare also acquired 
Haptica’s    ProMISTM surgical training system in 2011. The 
ProMISTM is a unique hybrid trainer that uses real instru-
ments with virtual and physical models and is the only trainer 
to allow practice through a single keyhole. 

 Simbionix entered the arena of procedural simulation in 
1997 and released their  fi rst commercial product, GI 
Mentor™, in 2000. Their next product was the URO/Perc 
Mentor™. Simbionix launched the LAP Mentor™ laparos-
copy trainer in 2003. They followed with the release of 
ANGIO Mentor™ for practice of endovascular procedures in 
2004. In 2005 Simbionix partnered with eTrinsic. ETrinsic 
was recognized for web-based curriculum and evaluation 
development. This move brought Simbionix from simple 
technical systems to integrated educational solutions. More 
recently, Simbionix partnered in 2011with McGraw-Hill to 
bring AccessSurgery™ an on-line resource to customers of 
Simbionix’s MentorLearn system. Simbionix continues to 
add surgical modules to their training hardware. The latest 

releases from 2010 to 2011 are TURP, nephrectomy, and pel-
vic  fl oor repair. Surgical simulation by Simbionix has pro-
gressed to a concept of pre-practice using virtual 
representations of actual patient anatomy: “mission rehearsal.” 
The  fi rst report of this type of surgical rehearsal appeared in 
1987 when an orthopedic surgeon used an early virtual real-
ity simulator of the leg developed at Stanford to assess the 
results of tendon repair by walking the leg  [  118  ] . Endovascular 
simulation was the next to adapt this technology to advance 
problem solving for complicated patients. In 2010, Simbionix 
received grant support to develop a hysterectomy module, 
obtained FDA approval for their PROcedure Rehearsal 
Studio™ software, and launched a mobile training app. 

 Three other recent developments may further re fi ne and 
impact surgical simulation. The  fi rst is a proliferation of 
devices to track hand motion including Blue Dragon, 
Ascension Technology’s Flock of Birds, Polhemus, and the 
Imperial College Surgical Assessment Device (ICSAD). 
Hand tracking may be used by itself or with the addition of 
eye tracking. Simulation has also become an integral part of 
robotic surgery. There are four current robotic simulators 
available  [  126  ] .    One group cautions that while current simu-
lators are validated in the acquisition of new skills, improve-
ments in technology and realism are necessary before they 
can recommend routine use for advanced training or mainte-
nance of certi fi cation  [  127  ] . Another group has helped to 
de fi ne the future priorities for surgical simulation  [  128  ] . One 
key priority is to extend the validation of simulation training 
to patient outcomes. 

 The American College of Surgeons (ACS) was the  fi rst 
group to offer of fi cial accreditation of simulation centers. In 
addition to mannequin-based simulation and team training, 
these sites must also offer simulation for minimally invasive 
surgery. Currently, over 60 centers worldwide have achieved 
this milestone (see Fig.  2.6 ). Expansion was almost linear for 
the  fi rst 4 years with the addition of ~10 approved centers 
each year  [  129  ] . The process stalled in 2010 similar to the 
data from Bristol Medical Simulation Center about the 
worldwide expansion of simulation centers but seemed to be 
recovering in 2011.   

   Conclusion 

 It is dif fi cult to pinpoint the precise moment when simula-
tion in healthcare reached the tipping point. As late as 2004, 
Dr. Gaba projected two possible scenarios for the future of 
simulation in healthcare. One version was a very bleak 
vision in which simulation did not achieve acceptance. It is 
now clear that simulation has experienced that “magic 
moment” similar in force and scope to a full-scale social 
revolution  [  130  ] . While technology facilitated this revolu-
tion in healthcare education, it was dependent on visionary 
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people who  implemented this technology in ways that will 
bene fi t many. There is more of the simulation story yet to be 
written. Despite bene fi cial and monumental changes in 
healthcare education and healthcare team performance, the 
incidence of medical error has not decreased and some 
believe that it is increasing  [  131  ] . Simulation has not yet 
demonstrated the desired effect on patient safety and out-
comes. It is possible that it is too early to assess simulation’s 
impact on patient safety. Alternatively, it is possible that 
additional change and innovation are necessary before this 
goal can be attained.      
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          Introduction 

 As the use of medical simulation in healthcare continues to 
expand, it becomes increasingly important to appreciate that 
our approach to teaching, and our knowledge of pedagogy 
and learning, will need to expand proportionately. It is this 
complementary expansion that will serve to provide an envi-
ronment that optimally addresses basic and vital educational 
and patient care outcomes. Teaching and learning is funda-
mental to the use of medical simulation in healthcare. 
However, all too frequently, teaching and learning is circum-
vented only to have the focus on the technology or equip-
ment without adequate preparation for the teaching or 
adequate re fl ection about the learning. 

 There are many theoretical perspectives of learning, 
including behaviorist, cognitivist, developmental, and 
humanist. There are learning theory perspectives offered 
such as Bruner’s constructivist theory, Bandura’s social 
learning theory, Kolb’s experiential learning, Schon’s 
re fl ective practice theory, and sociocultural theory that draws 
from the work of Vygotsky, to name a few, many of which 
intersect and overlap with each other. Mann  [  1  ]  presents a 
review of theoretical perspectives that have in fl uenced teach-
ing in medical education. However, having knowledge of 
theory alone will not build the bridges needed to enhanced 
teaching and learning. It is how to operationalize the theory, 
how to put it into practice in a teaching and learning environ-
ment, that will make that connection. 

 It is important to make a distinction between theories of 
learning and theories of teaching. While “theories of learn-
ing deal with the ways in which an organism learns, theories 
of teaching deal with the ways in which a person in fl uences 
an organism to learn”  [  2  ] . As such, it is presumed that “the 

learning theory subscribed to by a teacher will in fl uence his 
or her teaching theory.” Knowles et al.  [  3  ] , make the distinc-
tion by noting that learning is de fi ned as “the process of gain-
ing knowledge and or expertise … and … emphasizes the 
person in whom the change is expected to occur, [while] edu-
cation emphasizes the educator.” 

 It is essential to possess at least a foundational under-
standing of learning theory to better understand the process 
of learning and the learner. That being said, the practice of 
most teachers is in fl uenced by some philosophy of teaching 
or framework that guides their teaching, even if that theoreti-
cal orientation is not implicit or fully recognized by them. 
Therefore, the intent of this chapter is to begin to connect 
theory with practice by presenting the reader with practical, 
easy to use information that operationalizes aspects of edu-
cational theories and theoretical perspectives into approaches 
that are immediately applicable to learning in an educational 
environment focused on healthcare simulation and that will 
serve to guide teaching practices.  

   Perspectives on Teaching and Learning 

 The term “learning experience” refers to “the interaction 
between the learner and the external conditions in the envi-
ronment to which they can react. Learning takes place 
through the active behavior of the student; it is what  he  does 
that he learns, not what the teacher does”  [  4  ] . 

 Harden et al.  [  5  ] , remind us that “educators are becoming 
more aware of the need to develop forms of learning that are 
rooted in the learner’s practical experience and in the job 
they are to undertake as a professional on completion of 
training.” The authors further make the point that develop-
ment of critical re fl ection skills is essential to effectiveness 
in clinical healthcare. 

 The use of experiential learning enhances the learner’s 
critical thinking, problem-solving, and decision-making 
skills, all goals of teaching with medical simulation. 
Experiential learning helps move the learner through stages 
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that can strengthen the teaching and learning experience. 
Experiential learning operates with the principle that experi-
ence imprints knowledge more readily than didactic or online 
presentations alone. In experiential learning, learners build 
knowledge together through their interactions and experi-
ences within a learning environment that engages the learner 
and supports the construction of knowledge. 

 “Simulation is a ‘hands-on’ (experiential learning) educa-
tional modality, acknowledged by adult learning theories to 
be more effective”  [  6  ] , than learning that is not experiential 
in nature. Simulation offers the learner opportunities to 
become engaged in experiential learning. In a simulation 
learning environment, learning takes place between learners, 
between the teacher and learner, between the learner and 
content, and between the learner and environment. 

 In Dewey’s experiential learning theory, knowledge is 
based on experiences that provide a framework for the infor-
mation. Dewey asserts that it is important for learners to be 
engaged in activities that stimulate them to apply the knowl-
edge they are trying to learn so as they have the knowledge 
and ability to apply it in differing situations. As such, “they 
have created new knowledge and are at an increased level of 
readiness for continued acquisition and construction of new 
knowledge”     [  7  ] . Experiential learning offers the learner the 
opportunity to build knowledge and skills. Learning to apply 
previously acquired knowledge and skills to new situations 
requires practice and feedback. 

 In Kolb’s cycle of experiential learning, the learner pro-
gresses through a cycle consisting of four related phases: con-
crete experience (an event), re fl ective observation (what 
happened), abstract conceptualization (what was learned, 
future implications), and active experimentation (what will be 
done differently). Learners’ prior experiences have a direct 
relationship to their future learning, thus reinforcing the impor-
tance of the four phases of the experiential learning process, in 
particular the re fl ective observation and abstract conceptual-
ization aspects. Dewey stresses that opportunities for re fl ection 
are essential during an experience, in that they provide oppor-
tunities for the learner to make the connection between the 
experience and the knowledge they draw from the experience. 
As such, as learners move through the phases of experiential 
learning, they strengthen their ability to internalize the process 
as they continue to learn how to become better learners and 
how to be lifelong learners. Schon’s “re fl ection on action,” is 
“a process of thinking back on what happened in a past situa-
tion, what may have contributed to the … event, whether the 
actions taken were appropriate, and how this situation may 
affect future practice”  [  7  ] . As learners increasingly internalize 
this process of re fl ection on action, it is expected that it will be 
supplemented by “re fl ection in action,” which occurs immedi-
ately, while the learning event is occurring. 

 There is a direct relationship between experiential learn-
ing theory and constructivist learning theory. In constructivism, 

learners construct knowledge as they learn, predicated on the 
meaning they ascribe to the knowledge based on their experi-
ence and prior knowledge. This points to a signi fi cant rela-
tionship between a learner’s prior knowledge and experience 
and their process of constructing new knowledge. Within this 
constructivism paradigm, the learner is guided by the teacher 
to establish meaningful connections with prior knowledge 
and thus begins the process of constructing new knowledge 
for themselves. 

 In constructivism frameworks, the learner constructs 
knowledge through active engagement in the learning 
environment and with the content. Simulation is a com-
mon teaching-learning method within this framework, in 
which the learner constructs knowledge for    application in 
real-world activities. This framework also gives the learner 
more responsibility for self-assessment, a component of the 
Kolb framework noted earlier. The role of the teacher is 
more of a guide or facilitator. Further, if the learner  fi nds 
the learning task to be relevant, intrinsic motivation is 
more likely, leading to deeper learning with more links to 
prior knowledge, and a greater conceptual understanding. 
Simulation holds the potential to operationalize the con-
structivist framework, in that it provides active engagement 
with the content, coupled with application to real-world 
activities. Within constructivism, learners are provided the 
opportunity to construct knowledge from experiences. The 
theory also purports that an individual learns in relation-
ship to what else he/she knows, meaning that learning is 
contextual. 

 Bruner’s theory of instruction and interest in sequencing 
of knowledge is not unlike Kolb experiential learning cycle, 
in that it addresses “acquisition of new information …, 
manipulation of knowledge to make it  fi t new tasks…, and 
checking whether the manipulated information is adequate 
to the task”  [  3  ] . As such, it includes re fl ecting on what hap-
pened and what will be done differently next time. 

 Self-regulation theory, based on the work of Bandura, 
similarly to Kolb’s cycle, can also be viewed as a cycli-
cal loop, during which the learners “engage in an iterative 
process during which they use task-speci fi c and meta-
cognitive strategies, and continuously gather information 
about the effectiveness of these strategies in achieving 
their goals”  [  8  ] . Typically, the phases of the self- regulation 
process are preparation or forethought about what is to 
take place, the experience or performance itself, and self-
re fl ection. 

 Situated learning, a perspective of sociocultural learning, 
asserts that “learning is always inextricably tied to its context 
and to the social relations and practices there; it is a transforma-
tive process that occurs through participation in the activities of 
a community”  [  1  ] . Mann notes that “situated learning can com-
plement experiential learning by framing the…experience 
within a community of practice”  [  1  ] .  
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   Learning and Prior Knowledge 

 A goal of learning is to assimilate new information into an 
existing organization of information or memory. The more 
connections new information has to prior knowledge, the 
easier it is to remember. When new knowledge is linked with 
a learner’s accurate and well-organized prior information, it 
is easier to learn in that it becomes a part of the connections 
that already exist and avoids becoming rote or memorized 
information  [  9  ] . Correspondingly, it is important to assess 
prior knowledge of the learner so that new knowledge 
acquired by the learner does not link to that inaccurate prior 
knowledge, in turn, building on an incorrect foundation of 
information. Consequently, it is important to recognize that 
the outcomes of student learning are in fl uenced by the prior 
knowledge they bring to the learning experience. 

 Applying learning theory and our knowledge of teaching 
is vital to the success of the patient care and educational 
goals of medical simulation; it is therefore important to con-
sistently look for incorrect prior knowledge in the learner. 
Assessment is a key element of the teaching process, in that 
teaching needs to begin with an analysis of what the learner 
needs. The needs and    level of the learners are essential in 
helping the learners to build on prior knowledge and skills. 

 Research indicates that learners have differing cognitive 
styles or preferred ways of processing information. Further, 
learners have preferred variables that in fl uence ways in 
which they prefer to learn. Those preferred variables include 
whether they prefer to learn independently, from peers, or 
teachers; whether they prefer to learn through auditory, tac-
tile, kinesthetic, or visual inputs; whether they prefer more 
detail-oriented, concrete, abstract, or combinations of these; 
and what the characteristics are of the physical environment 
in which they prefer to learn. 

 Learning is also in fl uenced by the learner’s approach to 
learning, which encompasses their motivation for learning. 
Learners can employ three approaches to learning—surface, 
deep, and strategic. Entwistle  [  10  ] , notes features and differ-
ences of these three approaches to learning (see Table  3.1 ).   

   Motivation and Learning 

 Research points to a relationship between motivation to 
learning. Intrinsic motivation links to a deep approach to 
learning, where as extrinsic motivation links to a surface 
approach to learning. Mann endorses a relationship between 
motivation and learning, noting that motivation and learning 
are integrally related  [  11  ] . “A necessary element in encour-
aging the shift from extrinsic to intrinsic motivation appears 
to be the opportunity for learners to practice a skill/task until 
they gain competence; satisfaction with accomplishments 

and competence is itself motivating, and encourages in the 
learner further practice and the con fi dence to undertake 
new tasks”  [  12  ] . 

 Mann points out that “the development of self-ef fi cacy is 
essential to support and encourage motivation”  [  11  ] . Self-
ef fi cacy is de fi ned as perception of one’s “capabilities to pro-
duce designated levels of performance….”  [  12  ] . “Self-ef fi cacy 
beliefs determine how people feel, think, motivate them-
selves and behave… People with high assurance in their 
capabilities approach dif fi cult tasks as challenges to be mas-
tered rather than as threats to be avoided. Such an ef fi cacious 
outlook fosters intrinsic interest and deep engrossment in 
activities”  [  12  ] . 

 Similar to Mann’s perspectives about self-ef fi cacy, Voyer 
and Pratt  [  13  ] , comment that “the relationship between the 
evolving professional identify of the learner and the receipt 
of feedback either con fi rms or questions that evolving iden-
tity in the form of information about the person’s compe-
tence.” Thus, in that identity and competence are highly 
related, feedback on competence is interpreted as directly 
related to the learner’s sense of self. As suggested by Mann 
 [  11  ]  earlier, identity, competence, and self-ef fi cacy all also 
directly in fl uence a learner’s motivation. That being said, it 
becomes clear that the re fl ective observation phase of Kolb’s 
experiential learning cycle, and the feedback on  performance 

   Table 3.1    The features of three approaches to learning   

 Deep approach 
  Intention to understand 
  Motivated by intrinsic interest in learning 
  Vigorous interaction with content 
  Versatile learning, involving both: 
   Comprehension learning 
    Relate new ideas to previous knowledge 
    Relate concepts to everyday experience 
   Operational learning 
    Relate evidence to conclusions 
    Examine the logic of the argument 
  Con fi dence 
 Surface approach 
   Intention to reproduce or memorize information needed for 

assessments 
  Motivated by extrinsic concern about task requirement 
  Failure to distinguish principles from examples 
  Focus on discrete elements without integration 
  Unre fl ectiveness about purpose or strategies 
  Anxiety or time pressures 
 Strategic approach 
  Intention to obtain highest possible grades 
  Motivated by hope for success 
  Organize time and distribute effort to greatest effect 
  Ensure conditions and materials for studying appropriately 
  Use previous exam papers to predict questions 
  Be alert to cues about marking schemes 
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inherent in that phase, is essential and a key link to the 
 development of intrinsic motivation for further learning. 
Moreover, it is the re fl ective observation of what happened in 
the experience, and the abstract conceptualization of what 
was learned and what the implications are for future itera-
tions of the same experience (i.e., what will be done differ-
ently next time), that facilitates the learner’s progression of 
understanding through the  fi ve stages of Miller’s triangle 
(i.e., knows what, knows how, shows how, does, and mas-
tery)  [  14  ] , as well as through Bloom’s hierarchy of cognitive 
learning. Bloom’s six levels of increasing dif fi culty or depth 
representing the cognitive domain are:
    1.    Knowledge  
    2.    Understanding (e.g., putting the knowledge into one’s 

own words)  
    3.    Application (e.g., applying the knowledge)  
    4.    Analysis (e.g., calling upon relevant information)  
    5.    Synthesis (e.g., putting it all together to come up with a plan)  
    6.    Evaluation (e.g., comparing and evaluating plans)      

   Self-Re fl ection and Learning 

 Re fl ection is “the process by which we examine our experi-
ences in order to learn from them. This examination involves 
returning to experience in order to re-evaluate it and glean 
learning that may affect our predispositions and action in the 
future”  [  15  ] . 

 “Re fl ection is a metacognitive ( thinking about thinking ) 
process that occurs before, during and after a situation with 
the purpose of developing greater understanding of both the 
self and the situation so that future encounters with the situ-
ation are informed from previous encounters”  [  16  ] . As such, 
it is critical for learners to develop metacognitive skills. 
However, learners may make metacognitive errors such as 
not recognizing when they need help in their learning. Such 
errors stress the need for regular feedback and re fl ection on 
learning experiences so as not to compromise a false sense of 
competence and self-ef fi cacy while maintaining the learner’s 
professional sense of self and motivation. 

 Re fl ective learning is grounded in experience. This 
“re fl ection on experience” was the aspect of re fl ection paid 
most attention to by Schon. However, it is “re fl ection in 
action” that has been deemed as essential in self-assessment. 
“Without a culture that promotes re fl ection…, learners may 
not consider their progress systematically and may not artic-
ulate learning goals to identify gaps between their current 
and desired performance”  [  17  ] . 

 If the goal of teaching is to facilitate learning, then it is 
essential that teacher activities be oriented toward the pro-
cess of learning process. A Learning-Oriented Teaching 
Model (LOT) “re fl ects an educational philosophy of inter-
nalization of teacher functions in the learner in a way that 

allows optimal independent learning….”  [  18  ] . The LOT 
model is not unlike Kolb’s, with its use of re fl ective obser-
vation as a prerequisite for the learner’s movement through 
his other phases. The only apparent difference being that 
the LOT model is a more longitudinally based model, with 
the ultimate internalization of learning the result of multi-
ple cycles of the Kolb phases. The metacognitive skills 
needed by the learner for this re fl ective observation, so as 
to assess, identify, and alter de fi cits in knowledge, are not 
easy to acquire and may necessitate signi fi cant feedback 
and guidance.    Learners may also need guidance on how to 
incorporate new knowledge and experience into existing 
knowledge and then apply it, thus application of the LOT 
model in support of constructivism and experiential learn-
ing theory.  

   Conclusion 

 It is clear that developing an increased awareness of the pro-
cesses of learning is fundamental in guiding our teaching 
practice. This chapter has provided information on a number 
of teaching and learning perspectives, and on their common-
alities and intersections, that are immediately applicable to 
the environment of healthcare simulation. It is expected that 
the reader will use the information to enhance their practice 
of teaching and, thus, the learning of those they teach.      
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   Introduction 

   Nothing is less funny than talking about being funny. 
 Someone must have said that.   

 “Take my mannequin, please!” 
 If you’re looking for side-splitting humor to rope people 

into your simulator, then you have come to the right chapter. 
Roll out a few of our one-liners and you are sure to  close  
your simulator center in no time. 

 What? 
 That’s right, this chapter is more about “reining in” your 

humor than “burying the students in hilarity.” Humor is a part 
of teaching in the simulator, but it’s like chocolate— fi ne in 
small measures, but no one wants to be force-fed cappuccino 
truf fl es until they’re comatose. So hop on board and we’ll take 
you through a carefully titrated aliquot of humor to keep your 
sim sessions interesting without making them treacly sweet. 

 Here’s how we’re going to attack the entire question of 
humor in the simulator:

   Should you include humor?  • 
  Should you study humor?  • 
  Do you need to justify use of humor?  • 
  Does the literature back up humor?  • 
  And  fi nally, what should you, the simulation educator, do • 
about including humor in your simulation experiences?     

   Do You Need to  Include  Humor? 

   Simulation is theater. 
 All theater has comedy. 
 Therefore all men are kings. 

 Famous logician/simulator instructor   

 What is the best meeting to go to all year?
   American Society of Anesthesiology? Naa, too big.   –
  Comic-Con? Better, better, but still not the best.   –
  International Meeting for Simulation in Healthcare  –
(IMSH)? Yes!    
 And why is that? Because that is where all the simulator 

people go. And simulator people all have two things in 
common:
    1.    Not good looking enough for Hollywood.  
    2.    Not talented enough for Broadway.     

 That’s right; a convention of simulator people is, in effect, 
a convention of  actors . ( d -listers, at best, but still.) Because 
simulation, with all the emphasis on mannequins and sce-
narios and checklists, is still  theater . No one remembers 
which props Shakespeare used in  Macbeth , and only arche-
ologists can guess the width of the proscenium at the original 
Globe Theatre on the banks of the Thames, but we still 
remember the  characters  that Shakespeare created. We still 
focus on the  actors . And at the IMSH you will meet the dra-
matis personae that populate the world’s simulator “stages.” 

 At the IMSH, you will meet nurse educators, anesthesi-
ologists, emergency medicine, and internal medicine—nearly 
every specialty (I’ve never seen a pathologist at these meet-
ings, only a matter of time, though). And everyone, every 
presentation, every talk, and every workshop is basically an 
attempt to create educational  stagecraft :

   We’ll show you how we create a believable scenario  –
where a transfusion mix-up leads to a cardiac arrest.  
  Attend our workshop where we’ll show you how to create  –
the makeup effects to generate a believable mass-casualty 
setting.  
  Look over our creation, an LED display that makes it look  –
like the patient is going into anaphylaxis.  
  Would you like whipped cream with that? (Oops, you  –
stepped up to the Starbucks ® .)    
 The entire meeting focuses on stagecraft—creating 

a mini-drama where you teach your students how to handle a 
syringe swap or a respiratory arrest or a dif fi cult airway or a 
multi-trauma victim. 

      The Use of Humor to Enrich 
the Simulated Environment       
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 Where does humor come in? 
 All stagecraft for all time has employed humor. So roll up 

your sleeve, shove your entire arm into that bag of history 
next to you, and let’s take a look.

   What is the symbol we use for Greek theater? The two  –
masks, one frowning, one smiling. The ancient Greeks 
always sweetened their tragedies with a dollop of 
humor.  
  Opera may be a bit stuffy, but when Figaro belts out his  –
funny song in  The Barber of Seville , it cracked them up at 
La Scala Theater in Milan. Skip forward a few centuries, 
and Bugs Bunny is using the same song to make  us  
laugh.  
  Shakespeare killed off people left and right in   – Hamlet  and 
dumped some hefty memorizing for legions of captive 
English students (“To be or not to be, that is [the assign-
ment]”), but even here, he managed to squeak in a few 
humorous lines:

  Hamlet: “What’s the news?” 
 Rosencrantz: “None, my lord, but that the world’s grown 
honest.” 
 Hamlet: “Then is doomsday near.” 

 Hamlet Act II, Scene 2      

 So what the heck, if it’s good enough for them, it’s good 
enough for us. Our “simulation stagecraft” should have a 
little humor in it too. 

 OK, but  how  do you do it?  

   Do You Need to  Study  Humor? 

   Manager of The Improv in Miami, “I’ll bet you tell funny stories 
at work, don’t you?” 
 Gallagher, scuf fi ng his feet, “Yeah.” 
 Manager, smiling, “And you think that’s going to work here, 
don’t you?” 
 Gallagher, looking down in an “Aw shucks” way, “Yeah.” 
 Manager, no longer smiling, “Well, it won’t. You’ll bomb and 
look like an idiot.” 
 Verbatim conversation three weeks before Gallagher’s  fi rst 
stand-up performance “Injecting a Little Humor” at The Improv 
in Miami, 2005   

  Study  humor? Doesn’t that kind of, well,  kill  it? Doesn’t 
humor just sort of “happen”? “Well up” from your witty 
self? 

 In the realm of stand-up comedy, the answer is “Yes, you 
DO need to study comedy!” as I discovered in my own  fi rst 
foray into that bizarre realm. The manager of The Improv 
saved me from certain disaster, by steering me in the right 
direction.

  Here’s the deal,” she said. “When you’re up there in front of a 
bunch of strangers, you can’t just weave a long shaggy dog story 
and hope they’ll hang with you until you  fi nally get to the funny 
part. You’ll lose them, you’ve got to get to the point, and fast. 

 Stand up is more like learning to play the violin than just ‘stand-
ing there saying funny things,’ so you get to the bookstore and 
pick up  Stand-Up Comedy: The Book , by Judy Carter. You get 
that book and you study it like you’re getting ready for  fi nals. 
You do every single exercise in that book, just like she says. And 
you write your jokes just exactly the way she does. Do that, and 
you’ll kill. Do it your own way, and you’ll die out there.   

 I had a busy three weeks adapting to the “ways of stand-
up.” But it paid off. Here’s what I learned and here’s the take-
home lesson for you, if you seek to inject some humor into 
your “simulator act”:

   All stand-up is amazingly formulaic.   –
    – Straight line, second straight line, twist.  
   – Straight line, second straight line, twist.   
  Watch Leno or Letterman tonight, or watch any of the zil- –
lion stand-up comics on The Comedy Channel. Watch 
comedy monologues on YouTube or listen on a satellite 
radio station that specializes in comedy. It’s ALWAYS 
THE SAME.  
  Watch reruns of Seinfeld (especially his monologues at  –
the end of the show) or Woody Allen on old  Tonight  
shows. It will  fl oor you when you realize that, whether it’s 
X-rated humor from the street or highbrow humor from 
Park Avenue, the basic 1 – 2 – 3 of all stand-up jokes is 
identical.    
 You set up the situation, then you deliver the punch. Let’s 

see if we can do this ourselves (yes, creating humor takes 
practice, just like playing an instrument). 

 As I sit here writing, it’s July 11, 2011, 5:50 p.m., I’m sitting 
at my dining room table and I just pulled the New York Times 
front section over to me. Let’s look at something on the front 
page and see if we can “create humor,” using the formula:

   Straight line, second straight line.   –
  Twist.     –
 OK, here’s an article on the People Skills Test that a med 

school is using to see if aspiring doctors will be good team 
players. 

 A Medical School is using a People Skills Test on their 
applicants. 

 Good people skills should translate into good doctors, 
they guess. 

 Show up with parsley stuck in your teeth and there goes a 
career in brain surgery. 

 OK, Comedy Central will not be blocking out a three-
hour special for me anytime soon, but you get the drift. You 
set it up with two factual statements (drawn from today’s 
newspaper), and (this is the hard part, and why I make my 
living as an anesthesiologist and not a comedian) then you 
throw your own twist into the equation. 

 So that’s how stand-up comedy’s done. But does that 
mean you have to do stand-up comedy in your simulation 
center? Of course not. You’re there to teach a lesson, not 
“grab the mike and bring the house down” with your 
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 rip-roaring wit. But I think it’s worth the effort (especially if 
you’re not a “natural” at snappy comebacks) to study a little 
bit of “comedy creation.” Spend a few bucks and a few hours 
honing your humorous skills with the pros. The exercises in 
Judy Carter’s book are actually pretty funny (surprise sur-
prise, funny stuff in a book about comedy, who’d a thunk 
it?). And what the heck, if this simulation job doesn’t work 
out, who knows, maybe you WILL be the next Jerry Seinfeld! 
They code the patient for 20 min, the simulated family mem-
bers are going crazy, the sweat is dripping, and then you 
come in the room and say, “Oh, isn’t this guy a DNR?” 
Everybody laughs, the scenario ends on a lighter note and 
you can foray right into the basics of systems-based- practice 
and checking simple things like DNR orders before keeping 
the heroics up for 20 min in real life.  

   Do You Need to  Justify  Humor? 

   “Welcome to Journal Club, today we’re looking at ‘Humor in 
Medical Instruction’.” 
 Scowling face in the back, “I hope we have Level 1 
Recommendations for it.” 
 Second scowling face, “Where was this double-blind, placebo-
controlled, multi-center, suf fi ciently powered study done?” 
 “Uh…” 
  My Life in Hell: Worst Moments from Journal Club  

 Christopher Gallagher, MD 
 Born-Again Agnostic Press, 

expected pub’n date December 21, 2012   

 We justify what we do in medicine in one of two ways:
    1.    There is good evidence for it.  
    2.    We make our best educated guess.     

 Thank God for good research, which, in its most rigorous 
form, uses proven techniques (double-blinding, placebo-
controls, appropriate statistical analysis) to answer our many 
questions. Good evidence makes it easy to recommend the 
right drug/procedure/technique. 

 But plenty of times, we’re stuck with our best educated 
guess. Moral issues prohibit us from doing a placebo control, 
or the complication is so rare that we cannot suf fi ciently 
power the study. And in the “soft” area of medical education, 
it becomes hard to design a “double-blinded” study. 

 Take humor. 
 Who out there will do the de fi nitive study on whether 

“adding humor to simulation education” will improve patient 
outcomes?

   Funding? Who’s going to pay for this? Billy Crystal?  –
Chris Rock? Conan?  
  Study design? How do you “double-blind” to humor? Tell  –
crummy jokes to half the group, and slay the other half 
with top-notch hilarity?  
  Statistics? Statistics and humor? “Three nonparametric  –
data points stepped into a bar…”    

 So when it comes to justifying humor:
    1.    There is good evidence for it. NOT REALLY.  
    2.    We make our best educated guess. YOUR GUT TELLS 

YOU, YES.     
 We have to go with (2) and make our best educated guess.  

   What’s the Literature Say About Humor 
in Simulation Education? 

 First, let’s look to textbooks and see about Humor in 
Simulation Education. 

  Clinical Simulation: Operations, Engineering and 
Management , Richard R Kyle, Jr, W. Bosseau Murray, edi-
tors, Elsevier, 2008. 821 pages, 10 pages of biographies of 
all the contributing authors (from all over the world, the only 
marginal contributor in the bunch being myself). This hefty 
tome (must be 5 lb if it’s an ounce) has 22 topics  fl eshed out 
into 82 chapters and covers everything from soup to nuts in 
the simulation realm. Surely humor must be one of the:

   Topics? No.   –
  Chapters? No.   –
  Mentioned in the index? No.     –
 Let’s try something else. How about the book that I myself 

coauthored? Surely I must have mentioned humor in there 
somewhere? Let’s peruse  Simulation in Anesthesia  (Chris 
Gallagher and Barry Issenberg, Elsevier, 2007). Although 
it’s true there is humor in the book itself (mainly in the pic-
tures), the subject of  using humor during instruction  some-
how escapes the chapters, subheadings, and yes, the index. 
(Note to self, don’t let that happen in the second edition.) 

 So the textbooks we’re releasing don’t seem to embrace humor 
in simulation instruction. Hmm. Where to next? The library! 

   A Trip to the Medical Library 

 “Yes, may I help you?” the librarian asks. 
 “Where is the card catalog?” I ask. 
 “The what?” 
 “The card catalog,” I look askance at banks of computer 

terminals, this is not going well, “where you  fi nd out which 
books are on the shelves.” 

 The librarian stares at me as you’d stare at a 12-armed 
extraterrestrial, just disgorged from a  fl ying saucer. She 
assesses me as merely insane but too old to be suf fi ciently dan-
gerous to warrant stirring the security guard from his slumber. 

 “What kind of books are you looking for?” she asks. 
 “Medical humor.” 
 Click, click, click, click. Wait. Click click. “Try WZ 305.” 
 “Thanks.” 
 I walk past medical students with iPads in holders, iPods 

with earbuds, and thumbs in rapid- fi re text mode. One of 
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them looks up, takes the measure of my age, and takes a 
quick glance to the AED on the wall. Maybe this will be his 
big day to shine! 

 The stacks smell of old books, rarely read, and never 
checked out. (Why buy books when they’re outdated by the 
time they’re published?) WZ 305 coughs up a 1997  The Best 
of Medical Humor   [  1  ]  and a 1998  Humor for Healing   [  2  ] . 
Well, humor is forever, so maybe the advice they have (no 
matter that it was written when Bill Clinton reigned over a 
country with a  surplus  [how quaint]) is still applicable? 

  Humor for Healing  assures that humor has a long medical 
pedigree (p. 56–7):

   Laughter causes a “slackening body by the oscillation of  –
the organs, which promotes restoration of equilibrium 
and has a favorable effect on health.”  
  Laughter “seems to quicken the respiratory and circula- –
tory processes.”  
  Laughter also earned kudos for promoting “good diges- –
tion and heightening resistive vitality against disease.”    
 Of course all these quaint and curious observations date 

back centuries. That is, the same people were  lauding  humor 
that were draining blood, applying poultices, giving clysters, 
and other “therapeutic” measures to  balance  our humors. So, 
consider the source. 

 OK, so humor is dandy for our health; what about humor 
in medical education?  The Best of Medical Humor  picks up 
on that, though nothing speci fi cally mentions  simulation  
education (we’ll have to make that intellectual hopscotch 
ourselves). Articles like “Consultsmanship: How to Stay 
One-Up on Colleagues” and “Postmortem Medicine-An 
Essential New Subspecialty” assure us that humor has a wel-
come place in our ongoing education as doctors. 

 Other books have gained (infamous) cult status as “humor 
with a smidgeon of medical education thrown in”:

     – Anesthesia for the Uninterested , AA Birch, JD Tolmie, 
Aspen Publishers, Rockville, MD, 1976. In one fantasti-
cally politically incorrect picture, a scantily clad young 
lady stands near anesthetic apparatus in Playboy attire, 
with the label “The Ether Bunny.”  
    – House of God , S Shem, Dell, New York, 1980. THE book 
for telling young doctors what life on the wards is actually 
like. Technology has changed, but the same machinations 
and madness hold sway in hospitals today, just like they 
did when Dr. Shem (a pseudonym, he knew better than to 
reveal his actual identity!) described them 30 years ago.  
    – Board Stiff , but wait, that’s my book, let’s not go there.    
 Suf fi ce it to say, the marriage (however dysfunctional) of 

medical education to humor is here to stay. 
 Medical education  in the simulator  is medical education. 

Different, yes, in style. Augmented with mannequins, 
 technology, and some additional techniques, but it is still 
medical education. So if humor works to:

   Aid the health of our students (  – Humor in Healing )  
  Add spice to medical education (  – The Best of Medical Humor )  

  Bend political correctness to educational ends (  – Anesthesia 
for the Uninterested )  
  Show doctors-to-be the reality of hospital life (  – House of 
God )    then humor has a welcome place in our simulators. 
 OK, we’ve looked at recent  textbooks , we’ve made a trip 

to the  library  (how retro), now let’s scour the  literature  and 
see what’s up with humor in the simulator. 

  Crisp white coats and clipboards in hand, silent, stone-
like faces veiling faint expressions of awe and fear, the Interns 
follow their Attending during rounds. No less a cliché, a bow 
tie peaks out from below his stringent scowl. As the group 
moves from bedside to bedside attention drifts between ner-
vous looking patients and House Of fi cers being lambasted 
for not knowing the subtleties of the most esoteric maladies. 
Then he speaks up. Hawaiian shirt collar visible where 
nobody else ventured more than a tasteful pastel. Hair 
unkempt, papers bulging from everywhere and an extremely 
pleasant smile on his face. His demeanor is disheveled yet 
pleasant as he is singled from the pack. All concern washes 
from the face of the terri fi ed octogenarian they are discuss-
ing as he soothes her with his comical charms. The Attending, 
at  fi rst  fl abbergasted by his lack of reverence for tradition, 
soon learns how the simple gift of humor can be more potent 
than any man made elixir. Everyone present looks around 
approvingly and we in the audience feel a little better about 
the $12 we just spent on the movie ticket.  

  Actual doctors retch at this sap.  
 While the  Patch Adams  (Universal Studios, 1998, Robin 

Williams playing the insufferably cutesy doctor) percep-
tion of healthcare providers being dry, cold, and analytical 
may make for a great story line, it just doesn’t seem to ring 
true in the real world. Most people are funny. We enjoy 
laughing and like making others do the same. “Did you see 
Letterman night?” or “I’m a little tired today, I stayed up 
watching Leno” seems a lot more common than “I just 
couldn’t get myself to turn off CSPAN-2 yesterday.” The 
major problem with humor is that just like sense of taste, 
every person’s preference is a little different. Some people 
 fi nd the slapstick physical comedy of the Three Stooges or 
Chris Farley hysterical while others are drawn to the subtle, 
dry wit of a Mitch Hedberg or Stephen Wright. Keeping 
this in mind and with knowledge of your target audience, 
it’s possible to use humor to give your simulations both 
 fl avor and  fl air.   

   De fi nition of Humor and Its Application 

 Humor, on the whole, is a dif fi cult enough concept to de fi ne 
and understand, no less study. Merriam-Webster de fi nes 
humor as something that is or is designed to be comical. 
To paraphrase Supreme Court Justice Potter Stewart’s 
famous line from the 1964 case Jacobellis v. Ohio: “I know 
it when I see it” Howard J. Bennett, in his review article 
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“Humor in Medicine,” provides a nice breakdown of the 
study of humor: humor and health, humor and patient- 
physician communication, humor in the healthcare profes-
sional, humor in medical education, and humor in the 
medical literature  [  3  ] .  

   Humor in Medicine and Education 

 While review articles and essays on the role of humor in 
medicine and education have appeared in the literature for 
decades, a relative vacuum exists with respect to humor and 
simulation. Fortunately parallels that exist in the same prin-
ciples can be applied with minimal modi fi cation. 

 In a 1999 editorial in the Medical Journal of Australia, 
Ziegler noted that 80% of the faculty at the Sydney 
Children’s Hospital incorporated humor in their teaching 
sessions. They believed that the use of humor in teaching 
reduced stress, increased motivation, improved morale, 
enjoyment, comprehension, common interest, and rapport 
between students and faculty  [  4  ] . Humor can be employed 
as an educational tool as long as it is relative to the subject 
being taught. 

 In the 1996 article “Humor in Medicine” in the journal 
 Primary Care , Wender notes that humor is playing an increas-
ingly apparent role in medicine  [  5  ] . Matters such as the 
expression of frustration and anger, discussion about dif fi cult 
matters, interpersonal and cultural gaps, as well as general 
anxiety can all be buffered by the application of humor. The 
practitioner also needs to be receptive of the patient-attempted 
humor as sometimes this can veil or highlight the true ques-
tions and concerns. Humor, not unlike beauty, seems to lie in 
the eye of the beholder. In their article “Use of Humor in 
Primary Care: Different Perceptions Among Patients and 
Physicians,” Granek-Catarivas et al. demonstrated a 
signi fi cant difference between the patient’s perception and 
the physician’s attempt at humor  [  6  ] . The unique frames of 
reference possessed by both the physician and the patient 
change their ability to identify attempts at humor. While not 
completely analogous, the difference in knowledge and 
power between the physician and patient also exists between 
instructor and student. It seems reasonable then that the 
instructor’s attempted humor might not be received and 
interpreted equally by the student. 

 Humor has been shown to improve the interactions within 
the members of a group, even in a serious or stressful setting. 
In Burchiel and King’s article “Incorporating Fun into the 
Business of Serious Work: The Use of Humor in Group 
Process,” they were able to show that through the use of 
humor and playful interaction, the members of a group were 
able to improve communication, creativity, problem solving, 
and team building  [  7  ] . All of these qualities are important not 
only in a good simulation but also in the real-life situations 
for which the students are being prepared. 

 In the end it can be argued that technique is only as effec-
tive as its results. Has there ever been a time where the use of 
humor did anything more than make a class or a lecture seem 
a little less boring? In the 1988 article “Teaching and Learning 
with Humor: Experiment and Replication,” in  The Journal of 
Experimental Education , Avner Ziv demonstrated on multi-
ple occasions students of a one-semester statistics course 
scored signi fi cantly higher on their  fi nal examinations when 
the class was taught with humor relevant to the subject when 
compared with a similar group of students who were taught 
without such embellishment  [  8  ] . He then goes on to specu-
late as to several reasons this might be so. While this may not 
   be directly comparable to medical simulation, the ability of 
humor to affect retention and comprehension is still 
intriguing.  

   Why Humor in Simulation? 

 With so many factors involved in creating a good simulation, 
one might ask themselves “Why even bother trying to make 
this situation funny?” We all have to deal with limited bud-
gets, limited time, and limited participant interest. It’s 
dif fi cult enough trying to juggle these and other things, why 
should I throw another ball in the air and worry about the 
students enjoying themselves? We can all learn a lesson 
from good old-fashioned drive-in B movies and late-night 
cable sci- fi . They have to deal with many of the same prob-
lems we have so they have to rely on creativity and novelty 
to keep your attention. While no one is really convinced 
by the actor in the latex mask and foam rubber suit, the 
overly dramatic screams of the damsel in distress as the 
camera pans in on her mid-swoon is enough to make us 
chuckle and keep us watching. The same can be said of 
someone participating in the simulation. Just like sherbet 
served between the courses of the  fi ne meal, a little laugh 
interjected now and again can help to refocus both the par-
ticipant and the instructor and allow them both to participate 
more fully in the scenario. 

 Willing suspension of disbelief is a key component of any 
good simulation. Anyone who’s ever played a role-playing 
game understands that the more deeply you immerse your-
self in the experience, the more you’re able to take out of it. 
The same is true with simulation. A participant who is able 
to let go of their inhibitions and truly participate in the con-
struct almost certainly bene fi ts more than someone who is 
simply going through the motions. High- fi delity manne-
quins, access to nearly unlimited resources, and a dozen sup-
porting cast members mean almost nothing if the message of 
the simulation is lost on its target. Despite all of our hard 
work, occasionally it’s dif fi cult for the student to share our 
excitement in the project. Sometimes it’s disinterest, some-
times it’s stress, and sometimes it’s just embarrassment. Any 
number of factors can hinder the student’s participation. 
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 Humor is a great equalizer and can be the answer to 
these and many other roadblocks. Perhaps this is best 
understood by temporarily changing roles with the student. 
You  fi nd yourself placed in a room, sometimes alone and 
sometimes with a group of equally disoriented peers. You’re 
not quite sure what to expect, but you’re fairly con fi dent 
that it’s not going to be simple or predictable. You  fi nd 
yourself searching your memory in the hopes you can 
remember what you’re going to be tested on. Rather than 
reacting to the scenario presented to you, you  fi nd yourself 
trying to anticipate the next horror your instructor has pre-
pared for you. You’re worried that you may screw up and 
make a fool of yourself. In the midst of this anxiety and 
mounting mental exhaustion, it’s no wonder there’s limited 
mental resources available to actually take part in the situa-
tion. Enter humor. A well-timed laugh can help you not 
only relax your mind but also your inhibitions. You see a 
little of the instructor’s humanity, feel a little safer, hope-
fully share their enthusiasm, and you  fi nd yourself slowly 
but steadily drawn into the simulation. We often try to make 
our simulations “hyperbolic” (e.g., the unbelievably unrea-
sonable surgeon, the naïve intern saboteur) so the partici-
pants realize that we’re in a safe place, a fun place, and still 
an educational place. The little giggle during the arrest 
doesn’t take the participant out of the scenario by the 
acknowledgement of the arti fi ciality of the simulation, it 
adds to the theater and allows them to immerse themselves 
in it, play the role, and hopefully get something out of the 
experience.  

   Humor as Component of Multimedia 
Simulation 

 Anyone who has ever found themselves in the lounge of a 
crowded coffee shop, on an elevator at rush hour, or peering 
through the window of the car next to them at a stoplight can 
attest to the fact that the age of multimedia information is 
upon us. It’s almost impossible to imagine a student who 
doesn’t have a smart phone, tablet, laptop computer, or any 
combination thereof. Couple that with the almost ubiquitous 
presence of high-speed Internet access and today’s student 
has information at their  fi ngertips which once would have 
been the envy of even the most prestigious academic univer-
sity. Education is being pulled out of the classroom and 
becoming a completely immersive experience. This being 
the case, it seems logical that simulation in healthcare should 
follow the current trend. In an environment of seemingly 
limitless information and waning attention spans, how do 
you hold the student’s interest? The answer: give them some-
thing they want to watch. A survey of the most frequently 
viewed items on almost any  fi le sharing service shows an 
abundance of funny videos. Interjecting some degree of 
humor into your presentation may make the difference 

between capturing the student’s attention and losing them to 
the next piece of eye candy. 

 The purpose of this chapter isn’t to be a how-to manual on 
how to be funny. That should be a function of your unique 
abilities and perspective. A framework on which to hang 
your ideas, however, is a nice place to start. A video placed 
on a website or  fi le server has the potential to reach far more 
people than could ever  fi t in a single classroom. The poten-
tial audience for such a project is tremendous and exciting. 
Inside jokes or allusion to little-known people quickly loses 
its meaning. The humor should be more broad-spectrum yet 
still relevant to the topic being presented. Today a single per-
son with access to a personal computer and some affordable 
and readily available software can do things which once 
would’ve required the resources of an entire Hollywood stu-
dio. If you don’t have the skills yet to be the next Stanley 
Kubrick, an evening with your computer and access to a 
search engine is usually enough to learn the basics. This is 
also a good time to go to your favorite video sharing site and 
see the videos that are trending well. If something is funny 
enough to get a few million hits, odds are there’s something 
in it you can incorporate into your own simulation.  

   Myths and Misconceptions About Humor 
and Simulation 

 One can easily sit down and think of several reasons why 
humor has no role in education in any of its various incarna-
tions. We medical folks are generally too serious, anyway. 
This type of thinking is potentially very limiting as it threat-
ens to steal a potent tool from your repertoire and doesn’t 
necessarily consider the needs of your audience: to learn and 
to possibly enjoy doing so. 

   Myth 1: If My Simulation Is Funny 
It Will Seem Less Professional 

 In truth, humor in the appropriate amounts can serve to 
 punctuate the most poignant aspects of a scenario. It helps the 
participants and presenters to relax, focus on the material, and 
more completely obtain involvement and belief. Humor 
should be limited and as shown earlier appropriate and rele-
vant to the topic being taught. Why not have your next simu-
lated patient editorialize a bit before going off to sleep? Maybe 
they keep talking while the mask is on for preoxygenation. 
Your participants will laugh (our CA1’s always do), and they 
can learn a simple lesson—how to professionally tell a patient 
to be quiet so they can properly preoxygenate before inducing 
anesthesia. The groups that don’t tell the patient to quiet down 
and just breathe get a patient that desaturates more quickly 
and learn the lesson that way. The ones who tell the patient to 
“shut up” get a well preoxygenated patient but get some 
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debrie fi ng on handling dif fi cult patient encounters properly. 
You win as an instructor, and they laugh at the ridiculous ban-
ter of the patient who just won’t be quiet and fall asleep.  

   Myth 2: I’m Just Not a Funny Person. 
Dr. X Could Pull This Off but Not Me 

 Rarely is it ever a good idea to try to be something you’re 
not, be that instructor, healthcare provider, or anything else. 
That being said, almost everyone has the potential for humor 
in some capacity. Integrating humor, just like everything in 
simulation, is about recognizing and utilizing your own tal-
ents to their fullest. Bruce Lee suggested the same thing 
about his martial art Jeet Kune Do: it is about you cultivating 
your own body as a martial art instrument and then express-
ing that instrument with the highest degree of ef fi ciency and 
effectiveness and with total freedom. The more you integrate 
humor into your presentations the easier it becomes. Your 
own style emerges as your comfort grows. 

 Some of our educators are a bit unsure when they are  fi rst 
starting with groups of participants. When they act out cer-
tain parts, we dress them up. That is, a wig, some glasses, 
and a white coat and you’ve got a nutty professor. The educa-
tor usually can’t help but embrace the role. The participants 
realize how ridiculous they look and then the scenario plays 
out in a friendly way.  

   Myth 3: What If I Say the Wrong Thing? 
How Will I Recover? 

 It’s completely understandable to be concerned about spoil-
ing an otherwise well-polished and effective presentation. 
Ultimately simulation is about  fl exibility. The mannequin 
doesn’t do what we wanted, hours of setup and preparation 
laid to waste as the student instantly  fi gures out in seconds 
what we hoped would take all afternoon or a forgotten mis-
spoken line: these things are familiar to all of us. In the end 
we have to remember that this is, after all, a simulation. Just 
as the participants forgive us for our other mistakes, they’ll 
also let us slide on the occasional dud. It happens to the best 
of us and we all just move on. We usually just tell them to 
pay no attention to the man behind the curtain as we reboot 
and start from scratch.  

   Myth (or Here, Idea) 4: Potential 
Pitfalls of Humor in Simulation 

 Just like any powerful tool, humor has the potential to do 
harm as well as good. When designing a simulation, it’s 
important to remember that lightheartedness and folly might 
not always be appropriate. As Simon demonstrated in the 

article “Humor Techniques for Oncology Nurses”  [  9  ] , a seri-
ous or depressing situation doesn’t necessarily preclude the 
use of humor. On the contrary   , a gentle and sympathetic 
comment can be both welcomed and therapeutic in a dif fi cult 
situation. This has to be balanced against the danger of mak-
ing light of the patient’s suffering. The same holds true for 
the serious simulation. If the intent is to portray either a very 
stressful or somber situation, attempts at being funny can be 
distracting and undermine rather than fortify the simulation’s 
design. Humor is a very valuable tool that helps to pull the 
student into the situation rather than distract them. For 
instance, if the goal is to teach a student how to break bad 
news to a patient or the family, it hardly seems appropriate to 
do this while waiting for a chuckle. Also, if the intent is to 
create a confusing and disorienting situation such as a mul-
tiple trauma, a coding patient, or signi fi cant crisis manage-
ment, the humorous undertone can serve to dissolve the very 
tension you’re trying to create. In brief, common sense usu-
ally dictates where, when, and how much “funny” we inject 
into a scenario. An 8-h day of laughs is hard to pull off but an 
8-h day of misery is easy and, well, miserable. 

 Self-deprecation in limited amounts can add a sense of 
humanity and familiarity to a simulation depending upon the 
relationship the student shares with the instructor. That being 
said, certain things should be considered completely off-lim-
its. It goes without saying that insulting the student or mak-
ing comments centered on gender, ethnicity, religion, or 
disability is completely unacceptable. Anything that might be 
considered hurtful or offensive not only compromises a rela-
tionship with the student it also endangers the integrity and 
professionalism of the program. Very quickly what was once 
a warm, relaxing, and safe environment can feel cold, fright-
ening, hostile, and even dangerous. Again, common sense. 

 As we’ve already mentioned before, simulation can be 
fun and it’s possible to lose yourself in the roles you’ve cre-
ated. It’s important to remain cognizant, however, of the fact 
that the simulation takes place in what is essentially a class-
room. The rules of acceptable behavior still hold fast. That 
being said, aggressive profanity, dirty jokes, and signi fi cantly 
offensive material should best be avoided. It does no good if 
all the student remembers at the end of the simulation is how 
uncomfortable they felt while they participated in it. 

 As the instructor, it’s extremely rewarding when you 
watch a participant become more and more involved in your 
creation. As Shakespeare wrote in  As You Like It , “All the 
world’s a stage, and all the men and women merely players.” 
Anyone who teaches in the simulator has to have a little of 
the acting bug in them, and usually more is better. In general, 
to hold the attention of the student, our performances have to 
be grandiose and larger-than-life. A good sense of humor 
bene fi ts not only the student but also the teacher. Alternatively 
we want every simulation to be a spectacular educational 
experience. We want the student to get as much out of it as 
possible. Few things are more rewarding on both a 
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 professional or personal level than watching a group of stu-
dents become more and more immersed in one of your cre-
ations. Humor is nearly always a part of that equation.   

   Conclusion 

 We’ve looked at how you might wedge a little humor into 
your simulation experience. And we’ve done this from a 
few different angles:

   Should you include humor? Yes, just rein it in a little,  –
you budding stand-ups. Use your common sense.  
  Should you study humor? Yes, we study everything  –
else! Pay attention to funny people, funny movies—
and incorporate it like you would a clinical situation.  
  Do you need to justify use of humor? Naah. It has its  –
place. There’s a whole book abutting this chapter with 
tons of evidence about everything else.  
  Does the literature back up humor? Sure, though, let’s  –
be honest, not with any kind of rigorous science 
because the NIH doesn’t fund comedy. Sad, I know.    

 So what should you, the budding simulationologist-per-
son, do about weaving some humor into your simulation 
experience? (This will be tough, but bear with.)
   1.    Plunk down in front of your TV and watch some 

Comedy Central while drinking beer and eating nachos. 
(I told you this would be hard.)  

   2.    Go to YouTube, in the Search place, look up the 
following:

     Channel, Dr. Gallagher’s Neighborhood   
   Alternatively, just enter this web address 

   h t t p : / / w w w . y o u t u b e . c o m / u s e r /
DrCGallagher?feature=mhee      

   You can see how I have used humor in putting together 
a ton of simulation videos.     

   3.    Get a hold of  Stand-Up Comedy: The Book , by Judy 
Carter (Delta, 1989, there may be newer versions). 
Even if you don’t become a stand-up, you’ll learn a 
thing or two about spicing up your sessions.  

   4.    Go to a local comedy club, keep the receipt! Maybe 
you’ll be able to write it off as a business expense.  

   5.    Attend the IMSH (International Meeting for Simulation 
in Healthcare) and hang with other simulator people. 
The “funniness” will rub off on you.     

 That’s it from Simulation Humorville. I hope this little 
chapter helps breathe a little fun into your educational 
plans. Now, I wonder what  did  happen when those three 
mannequins walked into a bar?      
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          Introduction 

 Although it is considered “safe” since no real patient can be 
harmed, learning in the simulated environment is inherently 
stressful. Standing at the head of a mannequin, performing in 
front of onlookers, and caring for a patient in an environ-
ment, where everyone around you seems to be making things 
worse and help has yet to arrive, are anything but easy. Follow 
this scenario with a debrie fi ng session where you have to talk 
about mistakes, feelings, and decisions that played a part in 
your patient’s (simulated) demise, and one has to wonder 
why anybody would ever want to learn this way. 

 Experiential learning is widely discussed and accepted as 
the subtext of the argument for and the utility of simulation-
based education (Chap.   3    ). We learn by doing, we demon-
strate our knowledge and skills by performing, and we 
ultimately want to believe that what we learn in simulation 
will help us function better in the actual clinical environ-
ment. Operating under this premise, the role of stress is rarely 
discussed in modern simulation-based educational exercises. 
If stress during simulation is discussed, it is usually framed 
in a context that includes ways to ameliorate rather than 
exploit it (Chap.   4    ). This is in spite of the fact that stress can 
make a simulation scenario more experiential than the man-
nequins or  equipment being utilized. 

 Simulation is often presented as a way of augmenting 
education in the era of work hour restrictions and limited 
patient exposure for trainees. However, simulation resources 
are themselves expensive and limited and must be made 

more ef fi cient vehicles of knowledge delivery; exploiting the 
stress inherent to simulation or even deliberately ramping up 
the stress of a scenario may make this possible. In this chap-
ter we present some essential working de fi nitions of stress 
and learning, a brief overview of stress and its interaction 
with learning and performance, as well as a practical approach 
to “dosing” stress so that educators can optimize the learning 
 environment and learners can get the most out of their simu-
lation-based teaching.  

   What Is Stress? 

 Although we have all experienced stress and its meaning is 
largely self-evident, delving into whether or not stress has a 
place in simulation requires that certain terms and conditions 
be de fi ned beforehand. McEwen describes stress as a homeo-
stasis-threatening situation of any kind  [  1  ] . Stress can be 
described in numerous ways, but simply stated: stress is a 
(usually) negative subjective experience (real or imagined) 
that impacts one’s well-being. It is categorized by physical, 
mental, and/or emotional strain or tension experienced when 
a person perceives that expectations and demands exceed avail-
able personal or social resources. However, stress has also 
been characterized as driving performance in a positive way, 
up to a point (Fig.  5.1 ). Anxiety, which is closely tied to stress, 
is a state characterized by somatic, emotional,  cognitive, and/
or behavioral components. Anxiety can lead to stress and 
stress can cause one to experience anxiety  [  2  ] . However one 
chooses to de fi ne these conditions, they are non-homeostatic, 
occur interchangeably, and therefore lead to certain physio-
logical measures designed to restore this balance.   

   The Anatomy and Physiology of Stress 

 The two pathways activated by stress are the hypothalamic-
pituitary-adrenal (HPA) axis and the autonomic nervous 
 system (ANS, especially the sympathetic limb) (Fig.  5.2 ).  
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 Stressful events activate the amygdala and a network of 
associated brain regions. When stress is perceived, a rapid 
release of norepinephrine from the ANS stimulates alert-
ness, vigilance, and focused attention. The amygdala ini-
tially activates the ANS by stimulating the hypothalamus, 

which in turn causes the release of norepinephrine through-
out the body. This release occurs within the  fi rst 30 min 
after  exposure to a stressor. The presence of norepineph-
rine also stimulates the adrenal medulla to release 
epinephrine. 

 A slower response simultaneously occurs as corticotro-
phin-releasing hormone (CRH) is released from the hypo-
thalamus. CRH stimulates the pituitary to secrete endorphins 
and adrenocorticotropic hormone (ACTH), which induces 
the release of cortisol (and other glucocorticoids) from the 
adrenal cortex. The kinetic properties of corticosteroid 
exposure are slower than those of noradrenaline; peak cor-
ticosteroid levels in the brain are not reached earlier than 20 
min after stress onset, and normalization takes place after 
roughly 1–2 h  [  3  ] . Cortisol binds with glucocorticoid recep-
tors in the brain and, along with a cascade of neurotrans-
mitter release, leads not only to an enhanced ability to act 
(i.e.,  fi ght or  fl ight) but a mechanism by which the organ-
ism is prepared to face similar challenging situations in the 
future (essentially, a primitive form of learning; usually 
the memory of a  stressful situation as one to avoid in the 
future).  

   What Is Learning? 

 While undeniably linked, learning and memory are slightly 
different entities. Learning is the acquisition or modi fi cation 
of a subject’s knowledge, behaviors, skills, values, or prefer-
ences and may involve synthesizing different types of infor-
mation. Memory is a process by which information is 
encoded, stored, and retrieved. Therefore, it is possible to 
remember something, without actually learning from the 
memory. A complete review of the neurobiology of learning 
is beyond the scope of this chapter, but certain key concepts 
are important for the reader and are discussed below (for a 
review of learning theory, see Chap.   3    ). Learning occurs 
through phases of the memory process. From an informa-
tion-processing perspective, there are three main stages in 
the creation of a memory  [  4  ] :
    1.    Encoding or registration (receiving, processing, and com-

bining received information)  
    2.    Consolidation or storage (creation of a permanent record 

of the encoded information)  
    3.    Retrieval, recall, or recollection (calling back the stored 

information in response to some cue for use in a process or 
activity; often used as proof that  learning  has occurred)     

 The pathways encoding memory are complex and modu-
lated by mediators of stress (e.g., cortisol). These mediators 
can in fl uence memory quality and quantity, and memories 
can be made more or less extinguishable or accessible by 
the experience of stress. The amygdala is central in this pro-
cess as it encodes memories more resistant to extinction 
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  Fig. 5.1    Relationship of human performance and stress. The classic 
inverted U curve relating stress to performance. In general, certain lev-
els of stress improve performance of speci fi c tasks up to a point where 
they become detrimental to performance       
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than commonly used (i.e., nonstress related) memory 
pathways.  

   Stress and Learning 

 For nearly  fi ve decades it has been understood that stress 
hormones are closely tied to memory. Both memory quantity 
 [  5  ]  and quality  [  6  ]  are affected by stress and stress can vari-
ably affect the three phases of memory and therefore poten-
tially affect learning. 

 Studying the effects of stress on  encoding  alone is dif fi cult 
because encoding precedes consolidation and retrieval. 
Therefore, any effect on encoding would naturally affect the 
other two in tandem. While results are con fl icted, with some 
authors reporting enhanced encoding when learning under 
stress  [  7  ]  and others reporting impairment  [  8  ] , the critical 
factor appears to be the emotionality of the material being 
presented for memory  [  9,   10  ] . The intensity of the stress also 
appears to play a role with stress “doses” that are too high or 
too low leading to poor encoding (roughly re fl ecting an 
inverted U, Fig.  5.1 )  [  11  ] . 

 Remembering stressful experiences or the context 
surrounding them (i.e.,  consolidation  of memory) is an 

important adaptation for survival; this is avoidance of dan-
ger at its most basic level. Considerable evidence suggests 
that adrenal hormones play a key role in enabling the 
signi fi cance of a stressful experience to impact the strength 
of a memory  [  12  ] . The stress-induced enhancement of 
memory is directly related to elevated cortisol levels, and 
this effect is most pronounced for emotionally arousing 
material  [  13  ] , likely because the accompanying norepi-
nephrine release interacts with glucocorticoid receptor 
sensitivity in the brain, priming the brain for improved 
storage of a stressful event  [  14  ] . The effects of stress on 
memory  retrieval  are overall opposite to those related to 
memory consolidation, with stress generally impairing 
retrieval of memories. 

 In addition to the above quantitative memory effects, it 
has been hypothesized that stress might also modulate the 
contribution of multiple memory systems and thus affect 
how we learn (i.e., the quality of the memory). 

 Figure  5.3  illustrates the timing of the rise of stress hor-
mones in the basolateral amygdala (BLA), an area central to 
“emotional” learning  [  15  ] . It is important to note that the rise 
of stress hormones that prime the brain for encoding of mem-
ory and, therefore, learning correlates to the general time 
frame wherein debrie fi ng is usually performed (i.e., post-stress 
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  Fig. 5.3    Time line of the rise of stress hormones 
in the basolateral amygdala. Shortly after stress, 
noradrenaline levels ( yellow ) in the BLA are 
transiently elevated. Corticosteroids ( blue ) reach 
the same area somewhat later and remain elevated 
for approximately 1–2 h. For a restricted period of 
time, BLA neurons are exposed to high levels of 
both hormones ( upper panel ). Noradrenaline 
primarily works through a rapid G-protein-coupled 
pathway ( pale yellow ), but secondary genomic 
effects requiring gene transcription might develop 
( bright yellow ). By contrast, effects of 
corticosteroid hormones are mostly accomplished 
via nuclear receptors that mediate slow and 
persistent actions ( bright blue ), although rapid 
nongenomic actions have also been described in 
the BLA ( pale blue ). The  lower panel  re fl ects the 
windows in time during which the two hormones 
might functionally interact ( green ). Shortly after 
stress, corticosteroids are thought to promote 
effects of noradrenaline ( upward arrow ) enabling 
encoding of information. Later on, corticosteroid 
hormones normalize BLA activity (delayed effect 
via GR), a phase in which higher cognitive 
controls seem to be restored.  Arrows  are showing 
the rising or falling levels of cortisol (Reprinted 
from Joëls et al.  [  15  ] , Copyright (2011), with 
permission from Elsevier)       
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[the simulation]). This, we think, is not an accidental explana-
tion as to why and how simulation and debrie fi ng work in 
tandem.  

 At a neurobiological level, stress can be said to enhance 
learning, but a key factor in this process, which is relevant to 
simulation-based education, is the learning context. Memory 
is facilitated when stress and stress hormones are experi-
enced within the context of the learning episode  [  16  ]  and 
around the time of the event that needs to be remembered. 
However, if the hormonal mediators of stress exert their 
action out of the learning context (e.g., when they are pre-
sented during memory retrieval or have no natural relation to 
the material presented), they are mainly detrimental to mem-
ory performance. An example would be eliciting pain or 
other unpleasant physical phenomena to cause stress and 
then studying the effects of this stress on learning (this is 
often done during experiments on the phases of learning in 
animal models or psychological literature, but does not make 
practical or ethical sense for medical educators). Fortunately, 
stress caused by a simulation scenario is nearly always con-
textual and temporally related to events occurring in a repre-
sentative clinical environment. In this fashion, appropriately 
applied and dosed stress will enhance educational bene fi t 
derived from a simulation experience by priming the brain 
for learning during the debrie fi ng process. 

 Stress, memory, and situation awareness have been dem-
onstrated on a large cultural scale. Stress and extreme 
 emotional content “bookmark” our lives. For the last genera-
tion everyone could recall precisely where they were and 
what they were doing the moment they became aware of 
President Kennedy’s assignation. This social experiment was 
reproduced during this generation. Everyone knows exactly 
what they were doing and where they were when they heard 
that the World Trade Center Buildings were hit by commer-
cial jets on September 11, 2001. When asked, few can recall 
details from 9/10 or even 9/12, but the recall of details about 
9/11 are vivid and durable.  

   Is Learning Through Stress the  Right  Kind 
of Learning? 

 The learning that occurs in a stressful environment is gener-
ally characterized as “habit-based,” and on the surface, this 
may be contrary to the rich cognitive thinking required of 
medical professionals  [  17,   18  ] . However, in clinical environ-
ments where stressful situations are encountered, interfer-
ence, ambiguity, and distraction have to be reduced. Fast 
reactions are required and extensive cognitive re fl ections 
cause hesitations that might endanger clarity of thought and 
action. Thus, the potential “bad” experience of stress 
(i.e., participant anxiety) is part of a fundamentally adaptive 
mechanism that allows one to focus on coping with stress in 

order to form a lasting, easily accessible memory of it for 
future situations. Simulation-based educators can exploit this 
adaptive behavior if stress is metered properly. 

 Although habit-based learning may be the result of stress-
induced memory enhancement, it would be naïve to think 
that learning only takes place during and immediately after a 
simulation scenario. The emotional impact on the student is 
a very strong motivator to avoid such negative outcomes and 
feelings in the future. It could be hypothesized that this trig-
gers signi fi cant efforts toward self-re fl ection, identi fi cation 
of knowledge and performance gaps, and further study to  fi ll 
identi fi ed de fi cits. These are not such novel concepts; we all 
learn very early to avoid electric outlets after a gentle pat on 
the hand, the frustration of poor performance on an exam 
prompts us to study more in the future, and knowing our 
clinical material “cold” after experiencing a case that was 
way over our head or a bad patient outcome are common 
situations for all clinicians. 

 While studies are ongoing, limited evidence demonstrating 
the bene fi cial effects of inserting deliberate stressors into the 
simulated environment is available at present. Our group tested 
the hypothesis that a deliberately stressful simulation scenario 
(confrontational family member, failed intravenous access, 
and patient demise) followed by a thorough debrie fi ng would 
lead to improved long-term retention of ACLS knowledge and 
skills in a cohort of medical students. While the stressed and 
unstressed groups had equivalent knowledge retention 6 
months after their simulation experience, the stressed group 
showed improved performance over the unstressed group dur-
ing a simulated code management scenario and appeared more 
calm and capable than their counterparts  [  19  ] . 

 A similar study using a surgical laparoscopy simulator found 
that stressed participants had improved skills over an unstressed 
group of trainees when retested in the simulated environment 
 [  20  ] . Perhaps the stressed cohorts experienced stronger habit-
based learning during their training and this translated into  better 
performance some time later? Perhaps they studied more after 
they experienced stress they may have perceived as attributable 
to their own knowledge or skill de fi cits? 

 Could it be that a stressful simulation leads to an appro-
priately timed release of mediators (e.g., cortisol) that prime 
the learner to optimally bene fi t from the debrie fi ng period? 
This would make sense at least for our study where the 
debrie fi ng occurred approximately 30 min after the onset of 
the stressor and coincided with the classically described 
 cortisol release outlined above. Indeed, several studies have 
demonstrated rises in biomarkers for stress following simu-
lation experiences, yet little was done to correlate these rises 
with measurable outcomes related to knowledge and skill 
acquisition  [  21–  25  ] . 

 In line with the evidence presented above, severe levels of 
stress in the simulated environment (just as in the real environ-
ment) may lead to poor memory retrieval (measured as impaired 
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performance), and this has been shown in studies of code man-
agement simulations  [  26,   27  ] . It is likely, however, that poor 
performance in the simulated environment is of little concern, 
as long as debrie fi ng occurs after a scenario, capturing the opti-
mal period for learning to occur. For this reason, we do not 
believe that evidence of poor performance during high levels of 
stress is an argument against using stressful scenarios. On the 
contrary, this stress, while it may impair retrieval of knowledge 
during a scenario, peaks the physiologic readiness to lay down 
lasting memory during debrie fi ng and the social need to do bet-
ter next time (perhaps leading to self-re fl ection and study). This 
supports the well-accepted and oft reported fact that debrie fi ng 
is the most important part of any simulation scenario. We do 
believe, however, that the stress must always be contextual; 
participants who experience stress due to medical error, lack of 
knowledge, or poor judgment will derive bene fi t, while those 
that merely feel embarrassment or shame are unlikely to be 
positively affected by the experience.  

   Stress “Inoculation” and Performance 

 Although the relationship between stress, memory, and learn-
ing is well established and may be bene fi cial to the educational 
mission of most simulation groups, its use is still controversial 
and there is much debate whether to use or avoid its affects. Still 
an important question should be whether or not the introduction 
of stress leads to improved actual clinical performance. This is 
not yet fully elucidated, and perhaps recall and memory 
enhancement is not the only bene fi t of introducing stress into 
the simulated environment. One potential bene fi t, and one most 
educators who themselves are involved in actual clinical prac-
tice could appreciate, is the use of stress to precondition or 
“inoculate” students in order to prepare them to manage actual 
stress during clinical practice. This paradigm has been used in 
many other arenas: sports, industry, aviation, and the military. 
As the term inoculation implies, stress inoculation is designed 
to impart skills to enhance resistance to stress. In brief, the con-
cept is that subjects will be more resistant to the negative effects 
of stress if they either learn stress-coping strategies ahead of 
time or if they experience similar contextual stress beforehand. 

 Stress inoculation training is an approach that has 
been discussed in systems and industrial psychology for 
several decades, although it was originally designed as a 
clinical treatment program to teach patients to cope with 
physical pain, anger, and phobias  [  28  ] . Spettell and Liebert 
noted that the high stress posed by nuclear power and avia-
tion emergencies warrants psychological training techniques 
[such as] stress inoculation to avoid or neutralize threats to 
performance  [  29  ] . Although evidence suggests ef fi cacy for 
stress inoculation training, the overall effectiveness of this 
approach has not been de fi nitively established in medicine or 
 elsewhere. The theoretical construct, however, should be 

appealing to simulation educators hoping to train practitio-
ners to be ready and prepared to effectively and decisively 
manage any fast-paced critical event. 

 We outlined earlier in this chapter how simulation can 
induce stress, and several authors have demonstrated this to be 
true  [  21–  25  ] . What is perhaps more interesting and clinically 
relevant is whether this stress leads to clinicians who are more 
calm and able to provide excellent clinical care in the real 
environment. Leblanc suggests that since stress can degrade 
performance, training individuals in stress-coping strategies 
might improve their ability to handle stress and perform more 
optimally  [  30  ] . Indeed, acute work stressors take a major toll 
on clinicians, particularly when patients suffer severe injury or 
death, and may lead to practitioner mental illness and the 
 provision of poor care  [  31  ] . Unfortunately, support systems 
are not universally available and the complexity of the often-
litigious medical workplace makes support hard to  fi nd. 

 While simulation will likely not be a panacea for the deeper 
personal trauma that can result from these scenarios, it can 
perhaps be used to train clinicians to function at a lower level 
of stress when similar events are encountered during clinical 
practice. This is particularly true after a stressful simulation. 
Here debrie fi ng can be incredibly powerful and the opportu-
nity to illicit the emotional state of the participants should not 
be overlooked. The classic debrie fi ng “icebreaker” “how did 
that make you feel?” has even more impact and meaning. 
Discussing the experience of stress and ways to cope after a 
scenario is a potent motivator for self-re fl ection and improve-
ment and certainly a potential area for  improvement in the 
general debrie fi ng process at most centers.  

   Stress Inoculation: The Evidence 

 Stressors imposed on the learner  during  simulation-based 
training may help support the acquisition of stress manage-
ment skills that are necessary in the applied clinical setting 
as well. In an early study, a stress inoculation program, in 
which nursing students were exposed to a stressful situation 
similar to their clinical experience, was used to help students 
develop coping skills. It was found that the students experi-
enced less stress and performed better in their clinical rota-
tions after this intervention  [  32  ] . In a study of intensivists 
who underwent a 1-day simulation training course, stress 
levels as measured by salivary amylase were decreased when 
subjects encountered a follow-up simulation scenario some 
time later  [  23  ] , but performance did not differ. In a similar 
study of 182 pediatric critical care providers, simulation-
based education was found to decrease anxiety in partici-
pants, perhaps improving their ability to calmly handle actual 
clinical events  [  33  ] . Harvey et al.  [  34  ]  suggest training for 
high-acuity events should include interventions targeting stress 
management skills as they found that subjects who appraised 
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scenarios as challenges rather than as threats experienced 
lower stress and better performance in the simulated environ-
ment. Perhaps this same paradigm can be translated to the 
clinical environment if we train participants in a stressful sim-
ulation; might they then see the actual situation as a challenge 
to attack rather than an anxiety-provoking threat to avoid?  

   The Art: How to Enrich Simulation with Stress 

 Carefully crafted scenarios are potent mediators of emotion-
ality and stress. 

 Time pressure; unhelpful, unprofessional, or obstruction-
ist confederates; diagnostic dilemmas; errors; bad outcomes; 
challenging intraoperative events; dif fi cult patients and fam-
ily encounters; and failing devices are all individual compo-
nents of a potentially stressful scenario (Table  5.1 ). Used 
individually or together, these can raise and/or lower the 
emotional impact of a scenario. Supercharged scenarios have 
the greatest impact on participant recall in our center. In a 
recent internal survey, we found that our residents recalled 
scenarios they encountered 2–3 years prior when either the 
patient did poorly or the scenario was so stressful that it was 
“seared” into their minds. Scenarios that end in patient 
demise and those where the resident was the only one who 
“saved the patient” also appear to be remembered more viv-
idly, as many respondents reported remembering dif fi cult 
scenarios where they “ fi gured it out at the last minute.”  

 It is our contention that the simulated environment is perfect 
for the development of stress through error and outcome;  fi rst it 
is the only place in medicine where these can be allowed to 
occur without true repercussions and second, due to the fact that 
it is after all a simulator, we believe the stress “dose” is ideal-
ized and tempered by the natural ceiling effect created by the 
trainee’s knowledge that no real patient can or will be harmed—
participants know this subconsciously and this likely limits how 
emotional they can truly become over the “piece of plastic.” 

 While we commonly enrich the simulated environment 
by adding a degree of stress, this is not to say that the envi-
ronment needs to be an unpleasant, unsuccessful place where 
participants go to fail and harm patients albeit simulated. 
What we have recognized is that although stress from failure 
is a potent and reliable way of activating emotionality in par-
ticipants, the exhilaration felt by successfully diagnosing an 
event when others could not or managing a challenging envi-
ronment with great success has an equally lasting impact on 
memory retention. When participants succeed after the 
 emotional charge of an exceedingly challenging scenario, 
this can be particularly empowering. There is no reason for 
the stress to be delivered in a negative context, and it is as yet 
unclear whether success or failure is superior in this respect. 
For this reason (and to avoid all of our scenarios ending 
poorly—in fact, most do not), we use stressful situations 
with positive patient outcomes quite often. 

 Incorporating the “inoculation theory” into scenario 
development is also important at our center where we train 
anesthesiologists. Figure  5.4  shows the theoretical design of 
a stress inoculation program.  

 The  fi rst phase of training is educational. The goal of this 
phase is to understand the experience of stress. This might 
involve, for our purposes, simply acknowledging that a 
 scenario was stressful during the debrie fi ng. The second 
phase focuses on skills acquisition and rehearsal; participants 
learn how to cope with stress. This might involve discussion 
of crisis resource management skills and the importance of 
calling for help. During the application phase, these skills are 

   Table 5.1    Examples of stressors used deliberately in simulation   

  Intrinsic to all immersive simulation  
 Public demonstration of performance • 
 Managing rare events • 
 Managing life-threatening events • 
 Publicly justifying actions and performance shortcomings • 
  Simulated scenarios are naturally time compressed and therefore • 
time pressured 
  Treating the simulator/simulation as if it were real is • 
embarrassing 
 Using equipment that is unfamiliar • 
 Watching and listening to one’s self on video • 
  Inadequate and unrealistic physical cues to base management • 
decisions 

  Participants  
  Complexity of case out of proportion to participant level of • 
training 
 Taking a leadership role • 
 Taking a team membership role • 
  Relying on people during a critical event who you never worked • 
with before 
 Errors and mistakes • 
 Failures • 

  Confederates  
 Less than helpful support staff • 
 Dismissive colleagues • 
  Confrontation with patient, family, other practitioners, and senior • 
faculty 
  Anxious, nervous, screaming confederates (patient, family, other • 
healthcare providers) 
  Supervising uncooperative, poorly performing, or generally • 
obstructive and unhelpful subordinates 

  Events  
 Rapidly deteriorating vital signs • 
 Being rushed • 
 Bad outcome, patient injury or demise • 
 Ineffective therapeutic interventions • 
 Unanticipated dif fi culties • 
 Diagnostic dilemmas • 
 Failing devices • 
 Backup devices unavailable • 
  Multitasking, triaging, and managing multiple patients • 
simultaneously 

  The relative emotional impact of each of these is unknown  
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further developed using deliberate practice throughout 
 multiple simulation scenarios. Based on the effectiveness of 
the training, the student moves toward varying degrees of 
anxiety or performance where the balance between these two 
is critical to training outcome (and ultimately the success of 
the task needing to be performed under stress). 

 We derive most of our scenarios from real clinical  practice 
and from trainee feedback. One thing anesthesiology train-
ees  fi nd particularly stressful is contending with a dif fi cult 
(dismissive, confrontational, judgmental, condescending, or 
pushy) attending surgeon when the anesthesiology attending 
is out of the room. For this reason, we expose residents to 
confederate surgeons who can be at times dif fi cult, at times 
dangerous, and teach the residents skills to deal with these 
scenarios professionally and safely. Our residents report that 
these experiences help to empower them in the actual OR 
and indeed “inoculate” them to the real  environment. 
Although this example was speci fi c toward anesthesiology 
training, few healthcare providers work in a vacuum and 
interdisciplinary care is common place for practically every 
provider. These dif fi cult interpersonal and professionalism 
issues can easily be tailored to each individual educator’s 
needs depending on the specialist participating in the 
simulations. 

 In addition, stressful respiratory or cardiac arrest (“code”) 
scenarios are used to drive home the point that the “code” 
environment can be chaotic, disorganized, and rushed. We 
use these scenarios as an opportunity to teach trainees stress 
management and crisis resource management and to empha-
size professional yet forceful communication when running 
an arrest scenario. Again, our residents report these scenarios 
as helpful not only for the knowledge imparted but more 
 importantly for the skills of anticipating and successfully 
managing these environments professionally and expertly.  

   Conclusion 

 Stress is an important and manipulable construct associated 
with memory formation and should be wielded properly by 
simulation educators. We know that events with high emo-
tional content are  fi xed in human memory via a pathway that 
involves the amygdala  [  36,   37  ] . Emotional arousal may 
enhance one or more of several memory stages, but our com-
mon experience tells us that emotional events tend to be well 
remembered. Extensive scienti fi c evidence con fi rms anec-
dotal observations that emotional arousal and stress can 
strengthen memory. 

 Over the past decade, there is growing evidence from 
human and animal subject studies regarding the neurobiol-
ogy of stress-enhanced memory. Human studies are consis-
tent with the results of animal experiments showing that 
emotional responses in fl uence memory through the 
amygdala (at least partially) by modulating long-term mem-
ory storage  [  38  ] . During and immediately following emo-
tionally charged arousing or stressful situations,  several 
physiological systems are activated, including the release of 
various hormones  [  39  ] . An educator knowledgeable of these 
responses can employ stress in their simulations to improve 
learning and perhaps even  inoculate trainees to future 
stress.      
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          Introduction 

 Debrie fi ng is often cited as one of the most important parts of 
healthcare simulation. It has been described as a best prac-
tice in simulation education and is often referred to anecdot-
ally as the point in the session “where the learning transfer 
takes place.” How much participants learn and later incorpo-
rate into their practice depends in part on the effectiveness of 
the debrie fi ng  [  1–  3  ] . The purpose of a debrie fi ng is to create 
a meaningful dialogue that helps the participants of the simu-
lation gain a clear understanding of their performance during 
the session. Key features include obtaining valid feedback 
from the facilitator, verbalizing their own impressions, 
reviewing actions, and sharing perceptions of the experience. 
A skilled debrie fi ng facilitator will be able to use “semi-
structured cue questions” that serve to guide the participant 
through re fl ective self-discovery  [  4  ] . This process is critical 
in assisting positive change that will help participants to 

improve future simulation performances and ultimately 
improve their ability to care for patients. 

 Simulation educational methods are heterogeneous with 
deployment ranging from partial task training of entry-level 
students through complicated, interdisciplinary team train-
ing scenarios involving practicing professionals. Debrie fi ng 
has a similar wide and varied development history and evo-
lutionary pathway. Equipment and environmental, student, 
and personnel resources can greatly in fl uence the selection 
of a debrie fi ng method. Various techniques and methods 
have emerged over the last decade based on such factors as 
the level of the learner, the domain and mix of the learner(s), 
the amount of time allotted for the simulation exercise, 
equipment capability, and the physical facilities that are 
available including audiovisual (AV) equipment, observation 
areas, and debrie fi ng rooms. Understanding personnel capa-
bility and course logistics is crucial to effective debrie fi ng. 
The level of expertise of the facilitator(s) who will be con-
ducting debrie fi ngs, the number of facilitators available, as 
well as their ability to effectively use the available equipment 
and technology all play a role in how debrie fi ngs are planned 
and conducted. Other factors that play a role in the design of 
the debrie fi ng process tie back to the intent and goals of the 
simulation and how the simulation was conducted. For 
example, the debrie fi ng style and method of a single stand-
alone scenario may be signi fi cantly different than the 
debrie fi ng of a simulation scenario that is part of a continuum 
of scenarios or learning activities organized into a course.  

   Development of the Structured and Supported 
Debrie fi ng Model and the GAS Tool 

 The Winter Institute for Simulation Education and Research 
(WISER, Pittsburgh, PA) at the University of Pittsburgh, is a 
high-volume multidisciplinary simulation center dedicated 
to the mission that simulation educational methods can 
improve patient care. Also well recognized for instructor 
training, the center philosophy acknowledges that training in 
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debrie fi ng is a critical element for the success of any simu-
lation program. 

 In 2009, WISER collaborated with the American Heart 
Association to develop the structured and supported 
debrie fi ng model for debrie fi ng of advanced cardiac life sup-
port and pediatric advanced life support scenarios  [  3  ] . It was 
quickly realized that the structured and supported model was 
scalable and could be easily expanded to meet the debrie fi ng 
needs of a variety of situations and simulation events. The 
model derives its name from providing  structured  elements 
included three speci fi c debrie fi ng phases with related goals, 
actions, and time allocation estimates.  Supported  elements 
include both interpersonal support (including development 
of a safe environment) and objects or media such as the use 
of protocols, algorithms, and available best evidence to sup-
port the debrie fi ng process. 

 The debrie fi ng  tool  uses the structural framework GAS 
(gather, analyze, and summarize) as an operational acronym  [  3  ] . 
The  fi nal goal was to develop a highly structured approach, 
which could be adapted to  any  debrie fi ng situation. Another 
important component was that the model would be easy to teach 
to a wide variety of instructional faculty with varying levels of 
expertise in simulation debrie fi ng and facilitation. Structured 
and supported debrie fi ng is a learner-centered process that can 
be rapidly assimilated, is scalable, and is designed to standard-
ize the debrie fi ng interaction that follows a simulation scenario. 

It promotes learner self-re fl ection in thinking about  what  they 
did,  when  they did it,  how  they did it,  why  they did it, and  how  
they can improve as well as ascertaining if the participants were 
able to make cause-and-effect relationships within the  fl ow of 
the scenario. The approach emphasizes both self-discovery and 
self-re fl ection and draws upon the learner’s own professional 
experience and motivation to enhance learning. Integration of 
the educational objectives for each scenario into the analysis 
phase of the debrie fi ng ensures that the original goals of the 
educational session are achieved. Further, instructor training in 
the use of the model emphasizes close observation and 
identi fi cation of gaps in learner knowledge and performance 
which also are discussed during the analysis phase.  

   The Theoretical Foundation of the Structured 
and Supported Debrie fi ng Model 

 The initial steps in the development of the structured and 
supported debrie fi ng model were to review debrie fi ng meth-
ods and practices currently being used at WISER and deter-
mine common elements of effective debrie fi ng by experienced 
faculty. The simulation and educational literature was 
reviewed, and the core principles of a variety of learning 
theories helped to provide a comprehensive, theoretical foun-
dation for the structured and supported model. 

  The Science of Debrie fi ng 

 Feedback through debrie fi ng is considered by many to 
be one of the most important components contributing 
to the effectiveness of simulation-based learning [1–7]. 
Participants who receive and assimilate valid informa-
tion from feedback are thought to be more likely to have 
enhanced learning and improved future performance from 
simulation-based activities. Indeed the topic is considered 
so relevant; two chapters have been devoted to debrie fi ng 
and feedback in this book (this chapter and Chap.   7    ). 
In traditional simulation-based education, debrie fi ng is 
acknowledged as a best practice and is lauded as the point 
in the educational process when the dots are connected 
and “aha” moments occur. While debrie fi ng is only one 
form of feedback incorporated into experiential learning 
methods, it is viewed as critical because it helps partici-
pants re fl ect,  fi ll in gaps in performance, and make con-
nections to the real world. The origins of debrie fi ng lie in 
military exercises and war games in which lessons learned 
are reviewed after the exercise [8]. Lederman stated that 
debrie fi ng “incorporates the processing of that experience 

from which learners are to draw the lessons learned” [9]. 
Attempts to have the participant engage in self-re fl ection 
and facilitated moments of self-discovery are often 
included in the debrie fi ng session by skilled facilitators. 

 In simulation education, the experiential learning con-
tinuum ranges from technical skills to complex problem-
solving situations. Because simulation education occurs 
across a wide range of activities and with students of many 
levels of experience, it is logical for educators to attempt to 
match the debrie fi ng approach with the training level of the 
learner, the speci fi c scenario objectives, the level of sce-
nario complexity, and the skills and training of the simula-
tion faculty. Additionally, the operational constraints of the 
simulation exercise must be considered as some debrie fi ng 
methods are more time-consuming than others. While evi-
dence is mounting with respect to individual, program-
matic, clinical, and even system impact from simulation 
educational approaches, there is little concrete evidence 
that supports superiority of a particular approach, style, or 
method of debrie fi ng. In this section we present the perti-
nent and seminal works that have provided the “science” 
behind the “art” of simulation-inspired debrie fi ng. 
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 Fanning and Gaba reviewed debrie fi ng from the per-
spective of simulation education, industry, psychology, 
and military debrie fi ng perspectives. This seminal paper 
provides food for thought in the area and poses many 
questions which still have yet to be answered. The setting, 
models, facilitation approaches, use of video and other 
available technology, alternative methods, quality control 
initiatives, effective evaluation, time frames, and actual 
need for debrie fi ng are considered. They note that “there 
are surprisingly few papers in the peer-reviewed literature 
to illustrate how to debrief, how to teach or learn to 
debrief, what methods of debrie fi ng exist and how effec-
tive they are at achieving learning objectives and goals” 
[6]. The publication of this paper has had substantial 
impact on perceptions of debrie fi ng in the simulation edu-
cational community and can be viewed as a benchmark of 
progress and understanding in this area. Following is a 
review of additional prominent papers that have been 
published in the subsequent 5-year interval which empha-
size methods, new approaches, and the beginnings of 
theory development in healthcare simulation debrie fi ng. 
These papers also highlight the gaps in our collective 
knowledge base:

   Decker focused on use of structured, guided re fl ection • 
during simulated learning encounters. Decker’s work 
in this chapter drew on a variety of theories and 
approaches including the work of Schön. Decker adds 
re fl ection to the work of Johns, which identi fi es four 
“ways of knowing”: empirical, aesthetic, personal, and 
ethical. These ways of knowing are then integrated 
within a debrie fi ng tool for facilitators [10].  
  Cantrell described the use of debrie fi ng with under-• 
graduate pediatric nursing scenarios in a qualitative 
research study. In this study, Cantrell focused on the 
importance of guided re fl ection and used a structured 
approach including standardized questions and a 
10-min time limit. Findings emphasized the impor-
tance of three critical elements: student preparation, 
faculty demeanor, and debrie fi ng immediately after 
the simulation session [1].  
  Kuiper et al. described a structured debrie fi ng approach • 
termed the “Outcome-Present State-Test” (OPT) model. 
Constructivist and situated learning theories are embed-
ded in the model which has been validated for debrie fi ng 
of actual clinical events. The authors chose a purposive 
sample of students who underwent a simulation experi-
ence and then completed worksheets in the OPT model. 
Key to the model is a review of nursing diagnoses, 
re fl ection on events, and creation of realistic simula-
tions that mimic clinical events. Worksheets completed 
by participants were reviewed and compared with 

actual clinical event worksheets. The authors concluded 
that this form of structured debrie fi ng showed promise 
for use in future events [11].  
  Salas et al. describe 12 evidence-based best prac-• 
tices for debrie fi ng medical teams in the clinical set-
ting. These authors provide tips for debrie fi ng that 
arise from review of aviation, military, industrial, and 
simulation education literature. The 12 best practices 
are supported by empirical evidence, theoretical con-
structs, and debrie fi ng models. While the target audi-
ences are educators and administrators working with 
medical teams in the hospital setting, the principles are 
readily applicable to the simulation environment [12].  
  Dieckmann et al. explored varying debrie fi ng • 
approaches among faculty within a simulation facility 
focused on medical training. The variances reported 
were related to differences among individual faculty 
and in course content focus (medical management vs. 
crisis management). The faculty role “mix” was also 
explored, and a discrepancy was noted between what 
the center director and other faculty thought was the 
correct mix of various roles within the simulation edu-
cational environment [13].  
  Dreifuerst conducted a concept analysis in the area of • 
simulation debrie fi ng. Using the framework described 
by Walker and Avant in 2005, Dreifuerst identi fi ed con-
cepts that were de fi ning attributes of simulation 
debrie fi ng, those concepts that could be analyzed prior 
to or independently of construction and those concepts 
to be used for testing of a debrie fi ng theory. Dreifuerst 
proposes that development of conceptual de fi nitions 
leading to a debrie fi ng theory is a key step toward clearer 
understanding of debrie fi ng effectiveness, development 
of research approaches, and in development of faculty 
interested in conducting debrie fi ngs [14].  
  Morgan et al. studied physician anesthetists who expe-• 
rienced high- fi delity scenarios with critical complica-
tions. Participants were randomized to simulation 
debrie fi ng, home study, or no intervention (control). 
Performance checklists and global rating scales were 
used to evaluate performance in the original simula-
tion and in a delayed posttest performance (9 months). 
All three groups improved in the global rating scale 
(GRS) of performance from their baseline, but there 
was no difference on the GRS between groups based 
on debrie fi ng method. A signi fi cant improvement was 
found in the simulation debrie fi ng group on the perfor-
mance  checklist  at the 9-month evaluation point [15].  
  Welke et al. compared facilitated oral debrie fi ng with a • 
standardized multimedia debrie fi ng (which demon-
strated ideal behaviors) for nontechnical skills. The 
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subjects were 30 anesthesia residents who were exposed 
to resuscitation scenarios. Each resident underwent a 
resuscitation simulation and was then randomized to 
a debrie fi ng method. Following the  fi rst debrie fi ng, 
residents completed a second scenario with debrie fi ng 
and then a delayed posttest 5 weeks later. While all par-
ticipants improved, there was no difference between 
groups indicating no difference in effectiveness between 
multimedia instruction and facilitator-led debrie fi ng 
[16]. The implications for allocation of resources and 
management of personnel in simulation education if 
multimedia debrie fi ng can be leveraged are emphasized 
by this paper.  
  Arafeh et al. described aspects of debrie fi ng in simula-• 
tion-based learning including pre-brie fi ng, feedback 
during sessions, and the need for effective facilitation 
skills. These authors acknowledge the heterogeneity of 
debrie fi ng situations and describe three speci fi c simu-
lation activities and associated debrie fi ng approaches 
which were matched based on the objectives, level of 
simulation, and learning group characteristics. They 
also emphasized the need for facilitator preparation 
and the use of quality improvement approaches in 
maintaining an effective program [5].  
  Van Heukelom et al. compared immediate post-simula-• 
tion debrie fi ng with in-simulation debrie fi ng among 161 
third year medical students. Prior to completing a simu-
lation session focused on resuscitation, medical students 
were randomly assigned to one of the two methods. The 
participants reported that the post-simulation debrie fi ngs 
were more effective in helping to learn the material and 
understand correct and incorrect actions. They also gave 
the post-simulation debrie fi ngs a higher rating. The in-
simulation debrie fi ng included pause and re fl ect peri-
ods. While not viewed by participants as being equally 
effective, the pausing that occurred was not seen as hav-
ing altered the realism of the scenario by the participants 
[17]. This is important as some educators are reluctant 
to embrace a pause and re fl ect approach due to concern 
of loss of scenario integrity.  
  Raemer et al. evaluated debrie fi ng research evidence • 
as a topical area during the Society of Simulation in 
Healthcare International Consensus Conference meet-
ing in February 2011. These authors reviewed selected 
literature and proposed a de fi nition of debrie fi ng, 
identi fi ed a scarcity of quality research demonstrating 
outcomes tied to debrie fi ng method, and proposed a 
format for reporting data on debrie fi ng. Areas of 
debrie fi ng research identi fi ed as having obvious gaps 
included comparison of methods, impact of faculty 
training, length of debrie fi ng, and ideal environmental 

conditions for debrie fi ng. Models for study design and 
for presenting research  fi ndings were proposed by this 
review team [18].  
  Boet et al. examined face-to-face instructor debrie fi ng • 
vs. participant self-debrie fi ng for 50 anesthesia resi-
dents in the area of anesthetist nontechnical skill scale 
(ANTS). All participants improved signi fi cantly from 
baseline in ANTS performance. There was no differ-
ence in outcomes between the two debrie fi ng methods 
suggesting that alternative debrie fi ng methods includ-
ing well-designed self-debrie fi ng approaches can be 
effectively employed [19].  
  Mariani et al. used a mixed methods design to evaluate • 
a structured debrie fi ng method called Debrie fi ng for 
Meaningful Learning (DML)©. DML was compared 
with unstructured debrie fi ng methods. The unstruc-
tured debrie fi ng was at the discretion of the faculty, but 
the authors noted it typically included a review of what 
went right, what did not go right, and what needed to 
be improved for the next time. The DBL approach 
while highly structured was also more complicated 
and included  fi ve areas: engage, evaluate, explore, 
explain, and elaborate. The authors reported that the 
model was based on the work of Dreifuerst. A total of 
86 junior-level baccalaureate nursing students were 
enrolled in the study, and each student was asked to 
participate in two medical-surgical nursing scenarios. 
The Lasater Clinical Judgment Rubric was used to 
measure changes in clinical judgment, and student-
focused group interviews elicited qualitative data. No 
difference was found between the groups in the area of 
judgment; however, student perceptions regarding 
learning and skill attainment were better for the struc-
tured model [20].    
 In the 5-year interim since Fanning and Gaba noted 

that the evidence was sparse regarding debrie fi ng and that 
our understanding regarding key components is incom-
plete, there has been some progress but few clear answers. 
Alternatives to conventional face-to-face debrie fi ng are 
being explored, theories and methods are being trialed, 
and several principles have become well accepted regard-
less of the method. These include maintaining a focus on 
the student; assuring a positive, safe environment; encour-
aging re fl ection; and facilitating self-discovery moments. 
However, the fundamental questions of who, what, when, 
where, and how have not been fully answered through 
rigorous research methodology. It is likely that a “one size 
 fi ts all” debrie fi ng model will not be identi fi ed when one 
considers the many variables associated with healthcare 
simulation. The heterogeneity of participants, learning 
objectives, simulation devices, scenarios, environments, 
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operational realities, and faculty talents require a broad 
range of approaches guided by speci fi c educational objec-
tives and assessment outcomes. 

 In this chapter and Chap.   7    , two well-established 
approaches to debrie fi ng are described. Both of these 
approaches have been taught to hundreds if not thousands 
of faculty members both nationally and internationally. 
Both are built upon sound educational theory and have 
proven track records of success. Both methods have been 
developed by large and well-established simulation pro-
grams with senior simulation leaders involved. Termed 
“debrie fi ng with good judgment” and “structured and 
supported debrie fi ng,” the contrast and similarities 
between these two approaches will serve to demonstrate 
the varied nature of the art and the evolving science of 
debrie fi ng in simulation education. What should also be 
apparent is that it may be unimportant how we debrief, 
but that we debrief at all. 
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 Theories or educational models which were selected 
emphasized the need for a student-centric approach; recog-
nized that students are equal partners in the teaching-learning 
environment; emphasized the environmental, social, and 
contextual nature of learning; acknowledged the need for 
concurrent and later re fl ection; and acknowledged the need 
for deliberate practice in performance improvement 
(Table  6.1 ).  

 These theories support multiple aspects of the structured 
and supported model for debrie fi ng. Simulation is a form of 
experiential learning with curriculum designers focused on 
creating an environment similar enough to a clinical event or 
situation for learning and skill acquisition to occur. The goal 

is to afford participants with the learning tools to allow par-
ticipant performance in actual clinical care to improve. 

 In order for a simulated experience to be effective, the 
objectives for the experience must be conveyed to the partici-
pants who are being asked to contribute to the learning envi-
ronment. This involvement of participants in a truly 
“democratic” sense was  fi rst advocated by Dewey in 1916. 
Dewey also recognized the power of re fl ection and experien-
tial learning  [  5  ] . 

 Lewin described the importance of experience in his 
“action research” work, and Kolb extended this work in 
developing his Experiential Learning Theory  [  8,   9  ] . Kolb 
describes the importance of experience in promoting learning 
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   Table 6.1    Educational and practice theorists and key concepts related to debrie fi ng in simulation   

 Theorist  Supporting concept for debrie fi ng 

 Dewey     [  5  ]   Experiential learning, re fl ection, democratization of education 
 Goffman  [  6  ]   Preexisting frameworks of reference based on prior experience (knowledge, attitude, skill) in fl uence current actions 
 Bandura  [  7  ]   Social learning theory. Learning through observation, imitation, and modeling. Self-ef fi cacy critical to learning and 

performance 
 Lewin  [  8  ]  and Kolb  [  9  ]   Experiential learning theory. Learning is enhanced by realistic experience. Learning increases when there is a 

connection between the learning situation and the environment (synergy) 
 Schön  [  10  ]   “Re fl ective practicum” where faculty act as coach and mentor. Re fl ection is important both during and after 

simulation sessions 
 Lave and Wenger  [  11  ]   Situated learning theory. Learning is situated within context and activity. Accidental (unplanned) learning is 

common 
 Ericsson  [  12–  15  ]   Deliberate practice leading to expertise. Performance improvement is tied to repetition and feedback 

Objective set 1 Objective set 2

PREP DEBRIEF DEBRIEFPREP
Change Change

Simulation
activity

Simulation
activity

  Fig. 6.1    The Ericsson cycle of deliberate practice applied to simulation sessions and incorporating debrie fi ng and planned change       

and describes the synergistic impact of environmental real-
ism. Kolb developed a cyclical four-stage learning cycle 
“Do, Observe, Think, Plan” that describes how experience 
and action are linked. Kolb’s work also emphasizes the need 
for re fl ection and analysis  [  9  ] . 

 Goffman reported that humans have frames of reference 
that include knowledge, attitude, skill, and experience ele-
ments. Individuals attempt to make sense of new experiences 
by  fi tting their actions and understanding to their preexisting 
frameworks  [  6  ] . This is especially important in developing 
an understanding of “gaps” in participant performance. 

 Bandura developed the Social Learning Theory. This the-
ory suggests that learning is a socially embedded phenomenon 
which occurs through observation, imitation, and modeling. 
Bandura et al. also emphasize that individual self-ef fi cacy is 
crucial to learning and performance  [  7  ] . These constructs are 
useful in debrie fi ng, as a group debrie fi ng is a fairly complex 
social environment, and the outcome of a poorly facilitated 
debrie fi ng session may be a decreased sense of self-ef fi cacy. 

 Schön    described the characteristics of professionals and how 
they develop their practice. He suggested that one key aspect of 
professional practice is a capacity to self-re fl ect on one’s own 
actions. By doing so, the individual engages in a process of con-
tinuous self-learning and improvement. Schön suggests that 
there are two points in time critical to the re fl ection process. 
Re fl ection during an event (re fl ection in action) and re fl ection 
after the event is over (re fl ection on action)  [  10  ] . The facilita-
tor’s ability to stimulate participants to re fl ect on their perfor-
mance is key during the debrie fi ng process. 

 Lave and Wenger developed the “situated learning the-
ory,” which states in part that learning is deeply contextual 
and associated with activity. Further, these authors note that 
transfer of information from one person to another has social 
and environmental aspects as well as speci fi c context. These 
authors also indicated that learning is associated with visual-
ization, imitation, and hands-on experience. Accidental (and 
thus unscripted) learning commonly occurs and learners 
legitimately gain from observation of performance  [  11  ] . 

 Ericsson describes the concept of “deliberate practice” as 
the route for development of new skills (up to the expert 
level). In this seminal work, Ericsson points out that the 
trainee needs to experience multiple repetitions interspersed 
with meaningful review and learning toward development of 
expertise  [  12–  15  ]  (Fig.  6.1 ).  

 This concept has important implications in simulation 
development, deployment, and debrie fi ng and is now 
recognized as a best practice in simulation education 
 [  16,   17  ] . Other literature has emerged and should be used to 
inform approaches to debrie fi ng. The following are points 
and best practices regarding debrie fi ng which have been 
modi fi ed from the original paper by Salas which focused on 
team debrie fi ng in the hospital setting  [  1,   3,   4,   16–  24  ] :

   Participants want and expect debrie fi ng to occur.  • 
  The gap between performance and debrie fi ng should be • 
kept as short as possible.  
  Debrie fi ng can help with stress reduction and closure.  • 
  Performance and perception gaps should be identi fi ed and • 
addressed.  
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  Debrie fi ng enhances learning.  • 
  Environmental conditions are important.  • 
  A “social” aspect must be considered and steps taken to • 
ensure “comfort.”  
  Participant self-re fl ection is necessary for learning.  • 
  Instructor debrie fi ng and facilitation skills are necessary.  • 
  Structured video/screen-based “debrie fi ng” also works.  • 
  Lessons can be learned from other  fi elds (but the analogy • 
is not perfect).  
  Not everything can be debriefed at once (must be targeted • 
or goal directed).  
  Some structure is necessary to meet debrie fi ng objectives.    • 
 Based on the theoretical perspectives and the above best 

practices, faculty are encouraged to ensure that they consis-
tently incorporate several key elements within sessions in 
order to enhance effectiveness of debrie fi ng:
    1.    Establish and maintain an engaging, challenging, yet sup-

portive context for learning.  
    2.    Structure the debrie fi ng to enhance discussion and allow 

re fl ection on the performance.  
    3.    Promote discussion and re fl ection during debrie fi ng 

sessions.  
    4.    Identify and explore performance gaps in order to accel-

erate the deliberate practice-skill acquisition cycle.  
    5.    Help participants achieve and sustain good performance.     

 Although the speci fi c structure used in debrie fi ngs may 
vary, the beginning of the debrie fi ng, or the gather phase, is 
generally used for gauging reaction to the simulated 
 experience, clarifying facts, describing what happened, and 
creating an environment for re fl ective learning. It also gives 
the facilitator an opportunity to begin to identify performance 
and perception gaps, meaning the differences that may exist 
between the perception of the participants and the perception 
of the facilitator. 

 The most extensive (and typically longest) part of the 
debrie fi ng is the middle, or analysis phase, which involves 
an in-depth discussion of observed performance or percep-
tion gaps  [  2  ] . Performance gaps are de fi ned as the gap 
between desired and actual performance, while perception 
gap is the dissonance between the trainee’s perception of 
their performance and actual performance as de fi ned by 
objective measures. These two concepts must be considered 
separately as performance and the ability to perceive and 
accurately self-assess performance are separate functions 
 [  25–  29  ] . Since an individual or team may perform actions 
for which the rationale is not immediately apparent or at 
 fi rst glance seems wrong, an effective debrie fi ng should ide-
ally include an explicit discussion around the drivers that 
formed the basis for performance/perception gaps. While 
actions are observable, these drivers (thoughts, feelings, 
beliefs, assumptions, knowledge base, situational aware-
ness) are often invisible to the debriefer without skillful 
questioning  [  6,   19–  21  ] . Inexperienced facilitators often 

 conclude that observed performance gaps are related only to 
knowledge de fi cits and launch into a lecture intended to 
remediate them. By exploring the basis for performance and 
perception gaps, a debriefer can better diagnose an individ-
ual or team learning need and then close these gaps through 
discussion and/or focused teaching. 

 Finally, a debrie fi ng concludes with a summary phase in 
which the learners articulate key learning points, take-home 
messages, and needed performance improvements, as well as 
leading them to an accurate understanding of their overall 
performance on the scenario.  

   Developing Debrie fi ng Skills 

 Faculty participating in debrie fi ng must develop observa-
tional and interviewing skills that will help participants to 
re fl ect on their actions. As in any skill attainment, deliber-
ate practice and instructor self-re fl ection will assist with 
skill re fi nement. New facilitators are often challenged in 
initiating the debrie fi ng process and  fi nd it useful to uti-
lize a cognitive aid such as the GAS debrie fi ng tool 
(Table  6.2 ). The use of open-ended questions during 
debrie fi ngs will encourage dialogue and lead to extended 
participant responses. While it is important to ask open-
ended questions, it is equally important for the facilitator 
to establish clear parameters in order to meet the session 
objectives. For example, the question “Can you tell us 
what happened?” may be excessively broad and nondirec-
tional. Alternatively, “Can you tell us what happened 
between the time when you came in the room and up until 
when the patient stopped responding?” remains open 
ended but asks the participant to focus on relevant events 
as they occurred on a timeline  [  2,   30  ] .  

 Some simulation educators suggest that close-ended question 
(questions that limit participant responses to one or two words) 
be avoided entirely. However, they are often useful in gaining 
information about key knowledge or skill areas if phrased appro-
priately, especially in acute-care scenarios. For example, “Did 
you know the dose of labetalol?” will provoke a yes or no 
response and may not provide valuable information for facilita-
tor follow-up or stimulate participant re fl ection. Alternatively, 
“What is the dose of labetalol and how much did you give?” 
provides a more fertile environment for follow-up discussion. 

 Several communication techniques can be used which 
promote open dialogue. Active listening is an approach in 
which the facilitator signals to the participants (both verbally 
and nonverbally) that their views, feelings, and opinions are 
important. Key facilitator behaviors include use of nonverbal 
clues such as appropriate eye contact, nodding, and acknowl-
edging comments (“go ahead,” “I understand”). Restating 
trainee comments (in your own words) and summarizing 
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   Table 6.2    Structured and supported debrie fi ng model. The model consists of three phases with corresponding goals, actions, sample questions, 
and time frames   

 Phase  Goal  Actions  Sample questions  Time frame 

 Gather  Listen to participants to 
understand what they think 
and how they feel about 
session 

 Request narrative from team leader  All: How do you feel?  25% 
 Request clarifying or supplemental 
information from team 

 Team Leader: Can you tell us what 
happened when….? 
 Team members: Can you add to the 
account? 

 Analyze  Facilitate participants’ 
re fl ection on and analysis of 
their actions 

 Review of accurate record of events  I noticed…  50% 
 Report observations (correct and 
incorrect steps) 

 Tell me more about… 

 Ask a series of question to reveal 
participants’ thinking processes 

 How did you feel about… 

 Assist participants to re fl ect on their 
performance 

 What were you thinking when… 

 Direct/redirect participants to assure 
continuous focus on session objectives 

 I understand, however, tell me about 
the “X” aspect of the scenario… 
 Con fl ict resolution: 
  Let’s refocus—“what’s important 
is not who is right but what is right 
for the patient…” 

 Summarize  Facilitate identi fi cation and 
review of lessons learned 

 Participants identify positive aspects of 
team or individual behaviors and 
behaviors that require change 

 List two actions or events that you 
felt were effective or well done 

 25% 

 Summary of comments or statements  Describe two areas that you think 
you/team need to work on… 

their comments to achieve clarity are also effective forms of 
active listening  [  2,   31  ] . 

 A second effective debrie fi ng technique is the use of prob-
ing questions. This is a questioning approach designed to 
reveal thinking processes and elicit a deeper level of infor-
mation about participant actions, responses, and behaviors 
during the scenario. Many question types can be selected 
during use of probing questions. These include questions 
designed to clarify, amplify, assess accuracy, reveal purposes, 
identify relevance, request examples, request additional 
information, or elicit feelings  [  2,   30  ] . 

 A third technique is to normalize the simulation situation 
to something familiar to the participants. For example, the 
facilitator can acknowledge what occurred during the session 
and then ask the participants “Have you ever encountered 
something similar in your clinical experience?” This grounds 
the simulation contextually and allows the participant to con-
nect the simulation event with real-life experience which has 
the bene fi t of enhancing transfer of learning. 

 Another key skill in maintaining a coherent debrie fi ng is 
redirection. The facilitator needs to employ this skill when 
the discussion strays from the objectives of the session or 
when con fl ict arises. Participants sometimes are distracted 
by technological glitches or the lack of  fi delity of a particu-
lar simulation tool. The facilitator task is to restore the  fl ow 
of discussion to relevant and meaningful pathways in order 
to assure that planned session objectives are addressed.     

   Structured and Supported Debrie fi ng Model: 
Operationally Described 

 The operational acronym for the structured and supported 
debrie fi ng model is GAS. GAS stands for gather, analyze, 
and summarize and provides a framework to help the opera-
tional  fl ow of the debrie fi ng, as well as assisting the facilitator 
in an organized approach to conducting the debrie fi ng 
(Table  6.2 ). While there is no ideal time ratio for simulation 
time to debrie fi ng time, or ideal time for total debrie fi ng, 
operational realities usually dictate the length of time that can 
be allocated on the debrie fi ng phase of a simulation course. 
Using the GAS acronym also provides the facilitator with a 
rough framework for the amount of time spent in each phase. 
The gather phrase is allocated approximately 25% of the total 
debrie fi ng time, the analyze phase is given 50%, and  fi nally 
the summarize phase is allotted approximately 25%. 

   Gather (G) 

 The  fi rst phase of the structured and supported model is the 
gather phase. The goals of this phase are to allow the facilita-
tor to gather information that will help structure and guide 
the analysis and summary phases. It is time to evoke a reac-
tion to the simulation from participants with the purpose of 
creating an environment of re fl ective learning. It is important 
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to listen carefully to the participants to understand what they 
think and how they feel about the session. Critical listening 
and probing questions will allow the facilitator to begin to 
analyze the amount of perception gap that may exist. The 
perception gap is the difference of the overall opinion of the 
performance as judged by the participants themselves vs. the 
opinion of the facilitator. Essentially four conditions can 
exist, two of which have wide perception gaps in which there 
is signi fi cant discordance between perceptions of the partici-
pant and facilitator and two that have narrow perception gaps 
(Table  6.3 ). This awareness of the perception gap is a critical 
element of helping to frame the remainder of the debrie fi ng.  

 To facilitate the gather phase, the instructor embarks in a 
series of action to stimulate and facilitate the conversation. 
For example, the debrie fi ng may begin by simply asking the 
participants how they feel after the simulation. Alternatively 
if it is a team-based scenario, facilitators may begin by ask-
ing the team leader to provide a synopsis of what occurred 
during the simulation and perhaps inquire if the participants 
have insight into the purpose of the simulation. The facilita-
tor may then ask other team members for supporting infor-
mation or clarifying information, the goal being to determine 
each of the participant’s general perception of the simula-
tion. During the gathering phase open-ended questions are 
helpful to try to elicit participant thoughts or stream of con-
sciousness so that the facilitator can gain a clear understand-
ing of the participant perceptions. During this phase it is 
often useful to develop an understanding of whether there is 
general agreement within the participant group or if there are 
signi fi cant disagreements, high emotions, or discord among 
the group. 

 The gather phase should take approximately 25% of the 
total debrie fi ng time. Once the gather phase is completed, and 
the facilitator feels that they have elicited suf fi cient informa-
tion to proceed, there is a segue into the analyze phase.  

   Analyze (A) 

 The analyze phase is designed to facilitate participants 
re fl ection  on  and analysis  of  their actions and how individual 
and team actions may have in fl uenced the outcome of the 
scenario, or perhaps changes that may have occurred to the 
patient during the scenario. 

 During the analyze phase, participants will often be 
exposed to review of an accurate record of events, decisions, 
or critical changes in the patient in a way that allows them to 
understand how the decisions that they made affected the 
outcomes of the scenario. Simulator log  fi les, videos, and 
other objective records of events (when available) can often 
be helpful as tools of reference for this purpose. 

 Probing questions are used by the facilitator in an attempt 
to reveal the participants thinking processes. Cueing ques-
tions should be couched in a manner that stimulates further 
re fl ection on the scenario and promotes self-discovery into 
the cause-and-effect relationships between decisions and the 
scenario outcome. For example, a question such as “Why do 
you think the hypotension persisted?” may allow the partici-
pants to realize they forgot to give a necessary  fl uid bolus. 

 It is crucial that the facilitator be mindful of the purpose 
of the session and that the questions selected direct the con-
versation toward accomplishing the learning objectives 
(Fig.  6.2 ). During a simulation scenario, there are many 
things that occur that  can  be talked about, but it is important 
to remember that for a variety of reasons, it usually isn’t pos-
sible to debrief everything. It is the learning objectives that 
should help to create the screening process that determines 
what  should  be talked about. Skilled facilitators must con-
tinuously direct and redirect participants to assure continu-
ous focus on session objectives, and not let the debrie fi ng 
conversation stray off-topic.  

 The skilled facilitator must also continuously be aware of 
the need for assisting in con fl ict resolution during the ana-
lyze phase. It is important for participants to not focus on 
who was right and who was wrong but rather encourage an 
environment of consideration for what would’ve been right 
for the comparable actual clinical situation. 

 The analyze phase is also an ideal time to incorporate the 
use of cognitive aides or support materials during the discus-
sion. Practice algorithms, professional standards, Joint 
Commission guidelines, and hospital policies are examples of 
materials that can be used. These tools allow participants to 
compare their performance record with the objective-support-
ing materials and can assist in developing understanding, in 
providing rationale, and in narrowing the perception gap. It 
also serves to begin the process of helping learners in calibrat-
ing the accuracy of their perception and gaining a true under-
standing of their overall performance. Importantly, these 
“objective materials” allow the instructor to defuse participant 
defensiveness and reduce the tension that can build during a 
debrie fi ng of a suboptimal performance. Having the partici-
pant use these tools to self-evaluate can be useful. Additionally, 
depending on the design of the scenario and supporting mate-
rials, it may be prudent to review completed assessment tools, 
rating scales, or checklists with the participant team. 

 Because the analyze phase is designed to provide more 
in-depth understanding of the participants mindset, insights, 

   Table 6.3    Perception gap conditions   

 Student perceptions 

 

Facilitator 
perceptions 

  Performed 
well  

  Performed 
poorly  

  Performed well   Narrow  Wide 
  Performed 
poorly  

 Wide  Narrow 
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  Fig. 6.2    Connection between 
simulation session objectives 
and debrie fi ng session 
(With permission ©Aimee 
Smith PA-C, MS, WISER)       

and re fl ection of the performance, it is allocated 50% of the 
total debrie fi ng time. As the goals of the analyze phase are 
achieved, the facilitator will then transition to the summarize 
phase.  

   Summarize (S) 

 The summarize phase is designed to facilitate identi fi cation 
and review of lessons learned and provide participants with a 
clear understanding of the most important take-home mes-
sages. It continues to employ techniques that encourage 
learners to re fl ect over the performance of the simulation. It 
is designed to succinctly and clearly allow learners to under-
stand their overall performance as well as to reinforce the 
aspects of the simulation that were performed correctly or 
effectively, as well as to identify the areas needing improve-
ment for future similar situations. 

 It is important that the summarize phase be compartmen-
talized so that the takeaway messages are clearly delivered. 
Often in the analyze phase, the discussion will cover many 
topics with varying levels of depth and continuity which can 
sometimes leave the learners unaware of the big picture of 
the overall performance. Thus, it is recommended that tran-
sition into the summarize phase be stated clearly such as the 
facilitator making the statement “Ok, now let’s talk about 
what we are going to take away from this simulation.” 

 Incorporating structure into the summarize phase is criti-
cal. Without structure, it is possible that the key take-home 
messages which are tied to the simulation session objectives 
will be missed. In the structured and supported model, a mini 
plus-delta technique is used to frame the summarize phase 
 [  22  ] . Plus-delta is a simple model focused on effective behav-
iors or actions (+) and behaviors or actions which if changed 
would positively impact performance ( D ). An example of 
using the plus-delta technique would be asking each team 
member to relate two positive aspects of their performance, 
followed by asking each team member to list two things that 
they would change in order to improve for the next simula-
tion session (Fig.  6.1 ). This forcing function tied to the plus 
(positives) and delta (need to improve) elements allows stu-
dents to clarify, quantify, and reiterate the takeaway mes-
sages. At the very end of the summarize phase, the facilitator 
has the option to explicitly provide input to the participants 

as to their overall performance rating relative to the scenario 
if deemed appropriate. This will vary in accordance to the 
design of the scenario and the assessment tools that are used, 
or if the assessment is designed to be more qualitative, it may 
just be a summary provided by the facilitator.   

   Variability in Debrie fi ng Style and Content 

 The structured and supported debrie fi ng model provides a 
framework around which to guide the debrie fi ng process. 
Entry-level facilitators as well as those who are very experi-
enced are able to use it successfully. There are many factors 
that determine how long the actual debrie fi ng will take and 
what will be covered in the debrie fi ng. While there is atten-
tion to best practices in debrie fi ng, operational realities often 
determine how the debrie fi ng session for a given simulation 
takes place. 

 The learning objectives for the scenario serve as the initial 
basis for determining what the actual content of the debrie fi ng 
should contain. As mentioned previously it is rarely possible 
to debrief everything that occurs in a given simulation. This 
is for two principal reasons, the  fi rst being the practicality of 
time and how long participants and faculty member have 
available to dedicate to the simulation activity. The second is 
learner saturation level, which is to say there is a  fi nite 
amount of feedback and re fl ection possible in a given amount 
of time. 

 Other considerations are the structure of the simulation 
activity. If the simulation is a “stand-alone” or once and 
done, which is often the case when working with practicing 
professionals, then debrie fi ng is usually more in-depth and 
may cover areas including technical as well as nontechnical 
components. The debrie fi ng may be split into multiple focal 
areas that allow concentration on particular practice areas or 
skills (communication, procedural skills, and safety behav-
iors) for a given point in time. 

 Phased-domain debrie fi ng is sometimes employed for 
interprofessional simulation. In phased-domain debrie fi ng, 
the team is debriefed on common tasks (communications, 
teamwork, leadership, and other nontechnical skills) fol-
lowed by a period of time afterward in which team members 
adjourn and reconvene in their separate clinical domain areas 
to allow for a more domain-speci fi c discussion (Fig.  6.3 ). 
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The structured and supported debrie fi ng model has been suc-
cessfully deployed in this environment as well.  

 Simulation scenarios that are part of a course that may 
include many different learning activities including several sim-
ulations are handled somewhat differently. In this example it is 
very important that the facilitator be aware of the global course 
learning objectives as well as the individualized objectives for 
the scenario they are presiding over. This affords the facilitator 
the ability to limit the discussion of the debrie fi ng for a given 
scenario to accomplish the goals speci fi c to that scenario, know-
ing that other objectives will be covered during other educa-
tional and simulation activities during the course. This 
“allocation of objectives” concept is necessary to satisfy the 
operational realities of the course, which are often time-based 
and require rotations throughout a given period of time. 

 Technical resource availability is another consideration in 
the variability of debrie fi ng. Technical resources such as the 
availability of selected element video and audio review, sim-
ulator log  fi les, projection equipment, access to the Internet 
and other media, and supporting objects vary considerably 
from one simulated environment to the next. 

 The level of the participants and the group dynamics of 
the participants can factor into the adaptation of best-practice 
debrie fi ng. Competing operational pressures will often cre-
ate some limitations on the  fi nal debrie fi ng product. For 
example, when teams of practicing professionals are brought 
together for team training exercises, they are often being 
pulled away from other clinical duties. Thus, the pressure is 
higher to use the time very ef fi ciently and effectively. This is 
in contrast to student-level simulations, where the limiting 
factor can be the sheer volume of students that must partici-
pate in a given set of simulation exercises.  

   Challenges in Debrie fi ng 

 There are a number of challenges associated with debrie fi ng. 
Some of them involve self-awareness on the part of the facil-
itator, the skill of the facilitator, as well as resource limita-
tions mentioned earlier. One of most dif fi cult challenges is 
the need for the facilitator to be engaged in continuous 
assessment in order to maintain a safe learning environment 
for the participants. 

 Controlling the individual passion focus is an important 
consideration for facilitators and requires self-awareness in 
order to avoid bias during debrie fi ng. As clinical educators 
from a variety of backgrounds, it is normal for a facilitator to 
have a speci fi c passion point around one or more areas of 
treatment. This can lead the facilitator to subconsciously pay 
closer attention to that particular area of treatment during the 
simulation and subsequently focus on it during the debrie fi ng. 
It is particularly important to maintain focus on the simulation 
exercise learning objectives when they are not designed in 
alignment with the passion focus of the facilitator. The facili-
tator must resist the urge to espouse upon their favorite clinical 
area during the debrie fi ng. Otherwise the learning objectives 
for the scenario may not be successfully accomplished. 

 At times during simulation exercises, egregious errors 
may occur that need to be addressed regardless of whether 
they were part of the learning objectives or not. Typically 
these errors involve behaviors that would jeopardize patient 
safety in the clinical setting. If the topic surrounding the 
error is not part of the focal learning objectives for the simu-
lation scenario, it is best to make mention of it, have the par-
ticipants understand what the error was, describe an 
appropriate safe response, and then quickly move on. Let the 
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participants know that the area or topic in which the error 
occurred is not the focus of the simulation, but emphasize 
that it is important that everyone be aware of safety issues. 

 The maintenance of a safe learning environment is another 
aspect of facilitator skill development. For example, dif fi cult 
participants are sometimes encountered, emotionally charged 
simulations or debrie fi ngs occur and students may fail to “buy 
in” to the educational method. All of these situations are 
under the purview of the facilitator to assist in the process that 
allows self-discovery and allow freedom on the part of the 
participants to express their thoughts, concerns, and in par-
ticular their decision-making thought processes. The facilita-
tor must always be ready to intervene in a way that attempts 
to depersonalize the discussion to provide a focus on the best 
practices that would’ve led to the best care for the patient. 

 Other factors of maintaining a safe learning environment 
are typically covered in the orientation to the simulation 
exercises. Informing participants ahead of time of grading 
processes, con fi dentiality factors, and the  fi nal disposition of 
any video and audio recordings that may occur during a sim-
ulation will go a long way toward the participant buy-in and 
comfort level with the simulation process.  

   Conclusion 

 The structured and supported model of debrie fi ng was 
designed as a  fl exible, learner-centric debrie fi ng model sup-
ported by multiple learning theories. The model can be used 
for almost every type of debrie fi ng ranging from partial task 
training to interprofessional team sessions. The operational 
acronym GAS, standing for the phases of the method, gather, 
analyze, and summarize, is helpful for keeping the debrie fi ng 
organized and effectively utilized. It is a scalable, deployable 
tool that can be used by debriefers with skills ranging from 
novice to expert.      
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          Introduction 

 Debrie fi ng is the learning conversation between instructors 
and trainees that follows a simulation  [  1–  3  ] . Like our patients 
and other biological organisms, debrie fi ng is composed of 
both structure and function. Debrie fi ng instructors need to 
understand the  anatomy  of a debrie fi ng session (structural 
elements), the  physiology  (what works and how) and 
 pathophysiology  (what can go wrong), and the  management  
options and for these condition (what instructors can do to 
improve outcomes). Given that structure and function are 
closely linked, we go back and forth in these two domains 
hoping to render a full picture for the simulation instructor 
poised to lead a debrie fi ng. 

 Typically, debrie fi ngs last one to three times as long as the 
length of the simulation. A simulation session is composed 
of the scenario and the debrie fi ng that follows. To meet its 
objectives, a simulation-based course may comprise one or 
more simulation sessions. A rigorous review of the literature 
on simulation based medical education lists feedback as one 
of the most important features  [  4  ] .    While there might be 
learning  in action  when learners participate in a simulation, 
action and experience alone often are not suf fi cient for 
signi fi cant and sustained change  [  5  ] . The debrie fi ng period 

presents the major opportunity for re fl ection, feedback, and 
behavior change; learning  from  action requires external feed-
back and guided re fl ection  [  6,   7  ] . The instructor’s role in pro-
viding feedback and guiding re fl ection is critical, as they 
must help learners recover from the intense, frequently 
stressful experience of the simulation and at the same time 
ensure that re fl ecting on said experience yields learning and 
growth in accordance with the stated educational goals of the 
session  [  6  ] . Therefore, the major factors in debrie fi ng are the 
following: the learning objectives, the simulation that 
occurred, the learners or participants, and the instructor or 
debriefer (see Table  7.1 ).  

 The role of simulation instructor is broader than the dis-
cussion of debrie fi ng. In addition to debrie fi ng, simulation 
instructors identify or create simulation sessions, prepare for 
and enact simulations, and evaluate learners and programs. 
This chapter focuses on the four principles that can enable 
instructors to effectively prepare and debrief a simulation ses-
sion in order to achieve their curricular goals (Table  7.2 ). In 
this context we will describe the debrie fi ng philosophy of 
“Debrie fi ng with Good Judgment”  [  13,   14  ] , an evidence-
based and theory-driven structure of formative feedback, 
re fl ection, and behavior change that drives the educational 
process. This approach was developed and tested at the Center 
for Medical Simulation in Cambridge, Massachusetts, in over 
6,000 debrie fi ngs and has been taught to more than 1,500 
instructors through the Institute for Medical Simulation.   

   Debrie fi ng with Good Judgment 

   Learning Objectives Are Clearly De fi ned 
Prior to Simulation Session 

 Clear objectives are requisite for trainees to reliably accom-
plish curricular goals and for faculty to help them get there. 
Just as we assess and manage patients with particular goals of 
hemodynamic stability or other measures of wellness, when 
learning objectives are clari fi ed in advance, we give ourselves 
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and our learners goals to reach by the end of a session. For 
example, if we want the team members to collaborate on exe-
cuting the appropriate maneuvers to manage a shoulder dys-
tocia, we know that by the end of the simulation and the 
debrie fi ng, we want the learners to appreciate what knowl-
edge, skills, or attitudes (KSAs) helped or hindered them in 
the course of the simulation. We also want them to appreciate 
which of the effective KSA’s to retain and how to modify or 
change the ineffective ones. Clearly de fi ned learning objec-
tives serve as anchors for both trainees and faculty to focus 
their attention and discussion. One of the common pitfalls is 
that realistic, engaging simulations usually represent complex 
and rich experiences that could yield a myriad of teaching and 
learning opportunities (much like any interesting clinical 
experience). Instructors need to be prepared to lead discus-
sions on the chosen topics, even though these represent a very 
small subset of all the possible thought-provoking conversa-
tions. Therefore, in order for faculty to engage deeply in the 
material, they must have clear understanding of both the 
details of the case as well as the desired learning outcomes. 

 Learning objectives, once elucidated and de fi ned, serve a 
number of critical purposes. They de fi ne that considered ger-
mane which should be covered during the debrie fi ng and aide 
the instructor in deciding what topics to steer away from. They 
allow instructors to develop short didactic “lecturettes” to 
ef fi ciently describe the current evidence-based or best prac-
tices related to a given objective when knowledge gaps exist 

(usually less than 5 min). Finally, they provide the desired per-
formance level or standard against which observed trainee per-
formance is compared. The ideal learning objective is learner 
centered, measurable or observable, and speci fi c. For example, 
when a learning objective reads “Intubate a 4-year-old trauma 
patient within 15 min of arrival while maintaining cervical sta-
bilization and preventing desaturation,” the performance stan-
dard is clear and easy to assess. 

 Whether to reveal the learning objectives at the beginning 
of the simulation sessions remains controversial. Many 
believe they should be stated explicitly at the beginning of a 
course or session; however, there is tension between openly 
sharing learning objectives with trainees (this helps them 
focus on how to perform and what to learn) and revealing 
them only after the trainee had an opportunity to discover 
them either in action (simulation) or re fl ection (debrie fi ng). 
Alternatively, a broader set of goals and objectives can be 
shared with the students without “ruining” the experiential 
learning process through discovery. For example, the learning 
outcome might state: “At the end of the session trainees will 
deliver medications safely by con fi rming the right patient, the 
right medication, the right route of administration, and the 
right time.” Instructors may choose to introduce the session 
simply by saying that the goal of the session is to practice 
safety in medication administration. Stating a broader goal 
can focus learners to the topic and keep them oriented to the 
activity without prescribing a de fi nite course of action. 
Instructors can take comfort while sharing speci fi c, observ-
able, measurable learning objectives because as we have 
repeatedly experienced, knowing what to do is necessary 
butw not suf fi cient for expert performance. A complex sce-
nario will challenge many well-prepared learners. The fol-
lowing case studies illustrate the advantages of de fi ning and 
sharing objectives for both teachers and learners (   Table  7.3    ).   

   Table 7.1    De fi nitions   

 De fi nition  Examples 

 Learning objectives  Two to three observable accomplishments of learners 
following a simulation session 

 Treat the reversible causes of PEA arrest 
 Utilize the SPIKES protocol for giving bad news  [  8  ]  
 Value and consistently utilize closed loop communication 
during crisis situations 

 Simulation  The encounter of individual or group experiences 
during a simulation session and is discussed during 
the debrie fi ng 

 ED patient in shock or cardiac arrest 
 Fire in the labor  fl oor or in the operating room  [  9,   10  ]  
 Family meeting to discuss discharger planning  [  11  ]  or 
disclose an error  [  12  ]  

 Learners  The participant or participants in a simulation course. 
Not all learners in a debrie fi ng must participate in each 
simulation 

 6 labor  fl oor nurses 
 A complete trauma team (ED nurse, anesthesiologist, EM 
physician, trauma surgeon, respiratory therapist) 
 Medical and nursing students 

 Debriefer  The instructor who leads the learners through the 
debrie fi ng. This person is prepared to discuss the learning 
objectives and has the ability to give feedback and help 
learners re fl ect on their performance as well as prepare 
for future encounters 

 A faculty member in the same  fi eld as the learners 
 A trained instructor with credentials and expertise in 
another specialty (clinical or otherwise) 

   PEA  Pulseless Electrical Activity,  ED  Emergency Department  

   Table 7.2    Four key principles of “Debrie fi ng with Good Judgment”   

 1. Learning objectives are clearly de fi ned prior to simulation session. 
 2. Set expectations clearly for the debrie fi ng session. 
 3. Be curious, give feedback, but do not try to “ fi x” your learners. 
 4.  Organize the debrie fi ng session into three phases: Reactions, 

Analysis, and Summary. 
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   Set Expectations Clearly for the Debrie fi ng 
Session 

 Benjamin Franklin said, “An ounce of prevention is worth a 
pound of cure.” Although he was referring to  fi re  fi ghting, 
the same applies to the beginning of a debrie fi ng session. 
One of the most common problems debriefers face is the 
participant that becomes defensive during a debrie fi ng. 
Setting expectations clearly is the preventive strategy that 
mitigates this problem. Participants become defensive when 
they perceive a mismatch between their expectations and 
their experience. This dissonance is identi fi ed by trainees as 
negative and threatening. Investing time and energy early in 
the course and in the debrie fi ng to orient learners pays off 
for instructors  [  15,   16  ] . 

 In general, faculty should introduce themselves including 
their credentials, relevant experience, and any biases or 
potential con fl icts of interests and encourage all participants 
to follow suit  [  17  ] . It can be helpful if faculty put forth a 
personal goal such as a desire to learn from the experience or 
improve their abilities. If faculty foster a climate of learning 
and encourage respectful dialogue from the outset, trainees 
will aim to maintain and sustain it through the simulation 
and debrie fi ng periods. A psychologically safe environment 
allows people to re fl ect and share their feelings, assumptions, 
and opinions as well as to speak up and discuss dif fi culty 
topics  [  18  ] . 

 The  us versus them  dynamic can also contribute to a 
threatening environment that participants may experience 
during debrie fi ng. Being on the defensive is triggered when 
the participant’s professional identity is at risk. In the eyes of 
the participants, the simulation environment is used  by  the 
instructors  for  the trainees to make mistakes. Participants 
direct their emotion towards the faculty as they are perceived 
as both the source of criticism and the causal agent. 

 Faculty can minimize the effect by showing sympathy 
during the introduction for example by stating up front that 
learning with simulation can be confusing or disorienting   . 
Similarly, it is advised that instructors avoid “over selling” 
the level of realism achieved by a simulation  [  19  ] . Although 
many ask trainees to “suspend their disbelief,” an alterna-
tive is for educator and student to develop a “contract” col-
laboratively on rules of engagement within the simulated 
environment as best as possible given the limitations  [  20  ] . 
The latter strategy is a “virtual contract” where instructors 
agree to play fair and do their best to set up simulations that 
are realistic and designed to help trainees learn (not look 
bad or fail) and trainees agree to engage in the simulation to 
the best of their ability, treating the simulated patients 
respectfully and approaching the scenarios professionally. 

 Many trainees  fi nd learning with simulation anxiety- 
provoking because of its public nature; it uses audio and 
video recordings for documentation and debrie fi ng, and the 

potential for assessment and reporting. Setting expectations 
about con fi dentiality and the nature of the assessment (for-
mative vs. summative/high stakes) also contributes to a safe 
learning environment (Table  7.4 ). Presenting these important 
limits early in a simulation course can supersede unpleasant 
surprises for both faculty and learners alike.   

   Be Curious, Give Feedback, but Do Not 
Try to “Fix” Your Learners 

   Judgmental Versus Nonjudgmental Approach 
 The mindset of the faculty can in fl uence the teaching and 
learning process in debrie fi ngs. An instructor can use inquiry 
and curiosity to offer performance critique without being 
overtly critical of the person. One strategy faculty can adopt 
in order to foster a psychologically safe environment is to 
assume that the trainee was operating under the best inten-
tions, treating mistakes as puzzles to be solved rather than 
behaviors to be punished. Debriefers may be ambivalent 
about judging their trainees’ performance and giving direct 
feedback. They may worry that being critical or negative 
can jeopardize the teacher-learner relationship. Giving the 
trainees the bene fi t of the doubt helps debriefers connect 
with the student in order to foster self-re fl ection. The ideal 
debriefer combines curiosity about and respect for the 
trainee with judgment about their performance  [  4  ] . When 
trainees feel an alliance with their instructor, trainees may 
openly share thought processes and assumptions that drove 
their behavior during the simulation. A healthy dose of curi-
osity about the learner can transform the tone, body lan-
guage, timing, framing, delivery, and impact of a simple 
question such as  what were you thinking when you saw that 
the patient doing poorly?   

   Frames, Actions, and Results 
 When an instructor witnesses a subpar performance, they 
could attempt to teach or “ fi x” the learner by coaching them 
on their actions. While this may sometimes be effective, 
often it is not  [  8  ] . In the re fl ective practice model, “frames” 
(invisible thought processes) lead to “actions” (observable), 
which in turn lead to “results” (also observable). Coaching at 
the level of the actions observed may not yield generalizable 
lessons  [  5,   6,   13,   14  ] . For example, the trainee might hold a 
frame ( ventilating a patient during procedural sedation leads 
to stomach insuf fl ation, gastric distention, and aspiration of 
gastric contents – which must be avoided ), which leads to an 
action ( wait for apnea to resolve rather than ventilate patient 
with low oxygen saturation ), which in turn leads to a clinical 
result ( patient suffers anoxic brain injury ). Debriefers hop-
ing for sustainable behavior change should be curious to 
uncover a trainee’s frame as well as the actions these frames 
might promote. Trainees that can move towards a new (and 
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improved) frame can improve their performance in future 
situations as their actions are now the consequence of their 
improved frame  [  10–  14  ] . 

 Exploring trainees’ frames and examining their actions is 
not the only purpose of debrie fi ng. The debriefer’s role is to 
help trainees see problems in their frames and understand and 
appreciate alternatives  [  15  ] . Debriefers should avoid attempt-
ing to be nonjudgmental since such a position has two major 
drawbacks – one obvious and one subtle. When withholding 
judgment, the debriefer is ineffective in giving feedback to the 
learner as the nonjudgmental approach makes it dif fi cult to 
share information with the trainee about their performance 
(usually in the hopes of saving face or keeping within social 
norms where criticism is construed as malicious). But the 
more problematic side of this approach is that it is virtually 
impossible to hide such judgment. Trainees pick up on subtle 
nonverbal cues projected by the debriefer (mostly subcon-
sciously) when they differ in opinion. This is frequently trans-
parent to the learner and can trigger anxiety or shame and lead 
to distance. Trainees pick up on this and may become defen-
sive or close minded as they reject the dissonance between 
what they hear and what they perceive  [  13,   22  ] .  

   “Good Judgment” Approach 
 Given that the judgmental and the nonjudgmental approaches 
have their limitations (for both learners and faculty), an alterna-
tive approach that fosters psychological safety and an effective 
learning climate for instructors is known as the “good judg-
ment” approach  [  14  ] . Faculty aim to be direct about their obser-
vations, to share their point of view with the goal of inquiring 
about the trainees’ frames, in the hope to work together towards 
understanding rather than  fi xing their behaviors. The combina-
tion of an observational assertion or statement with a question 
(advocacy + inquiry) exposes both the debriefer’s observation 
and judgment. This approach allows instructors to ef fi ciently 
provide direct feedback to the learner and to explore the 
 trainees’ frames during debrie fi ng.    Returning to the example of 
managing a shoulder dystocia, the instructor could say: “I saw 
the midwife and obstetrician applying suprapubic pressure and 
doing the McRobert’s maneuver to free the baby; however, 
I did not notice anyone informing the anesthesiologist that they 
may be needed to prepare for an emergency C-section” (behav-
ioral feedback). This omission could lead to a delay and expose 
the child to prolonged hypoxia (feedback on the clinical conse-
quences). I am curious to know how you interpreted this (start-
ing the process of eliciting the learner’s frames about the 
situation)? (See Table  7.5 .)  

 This generic approach can be used in any debrie fi ng: (1) 
observe a result relevant to the learning objective, (2) observe 
what actions appeared to lead to the result, and (3) use advo-
cacy and inquiry to discover the frames that produced the 
results. This approach in earnest encompasses this compe-
tency for the debriefer.   

   Organize the Debrie fi ng Session into Three 
Phases: Reactions, Analysis, and Summary 

 Debrie fi ng sessions should allow participants in a simulation 
session time to (1) processes their initial reactions and feel-
ings, (2) describe the events and actions, (3) review omis-
sions and challenges, (4) analyze what happened and how to 
improve, generalize and apply this new view to other situa-
tions, and (5) summarize those lessons learned. This approach 
is supported by the healthcare debrie fi ng literature and has 
yielded several debrie fi ng styles or structures  [  1,   7,   22  ] . 

   The Reactions Phase 
 The Reactions Phase is meant to allow trainees to share their 
emotions and initial reactions – to “blow-off steam” as they 
transition from the highly activated state of the simulated 
clinical encounter to the calmer, lower intensity setting of the 
debrie fi ng room. Trainees open up in this short but important 
phase to the questions “how did that feel?” or “what are your 
initial thoughts?” Faculty can validate these initial reactions 
by active listening techniques and at the same time collect 
learner-generated goals for the debrie fi ng  [  23  ] . It can be 
dif fi cult for trainees to analyze their actions without this pro-
cess  [  24  ] . Additionally, in the reactions phase trainees should 
review the main facts of the case (clinical and teamwork 
challenges alike) so that at the outset all of the participants 
share an understanding of the key features of the simulation. 
Faculty sometimes need to  fi ll in some of the clinical or 
social facts that they may have missed. In summary, the reac-
tions phase is composed of both  feelings  and  facts .  

   The Analysis Phase 
 In the analysis phase, the instructor helps trainees identify 
major performance gaps with regard to the prede fi ned learn-
ing objectives. Trainees and faculty work together to analyze 
the performance and  fi nd ways to  fi ll the performance gap. 
There are four steps to follow in this process  [  14  ] :
    1.    Observe the gap between desired and actual performance.  
    2.    Provide feedback about the performance gap.  
    3.    Investigate basis for performance gap.  
    4.    Help close the gap through discussion and didactics.      

   Performance Gaps 
 Implicit in the third step is that the basis for the performance 
gap is not uniform among learners. Therefore, generous explo-
ration is required to discover the trainees’ assumptions related 
to the learning objectives. Helping a trainee close the perfor-
mance gap through discussion and teaching is much easier 
once they have shared their reasoning and thinking. Although 
we cannot “ fi x” or “change” the learner unilaterally, by foster-
ing re fl ection, supplying new knowledge, encouraging differ-
ent attitudes, and developing skills and perspectives, debriefers 
can help trainees close the performance gap. 
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 A brief but important note should be made regarding the 
nature of performance gaps. They can be small or large, posi-
tive or negative. Positive performance gaps are noted when 
trainees surpass expectations for the case and for their level 
of training. These positive variances must be explored in 
order to help trainees and their peers sustain the behavior in 
future performances. Many debriefers are much more com-
fortable and effective at giving feedback on negative perfor-
mance gaps. It is important to help learners and teams 
understand the range of their performance when they have 
performed below, at, or above what is expected for the task, 
topic, and level of training and experience. 

 Each learning objective treated should yield generalizable 
lessons that trainees can apply to new clinical settings and 
different cases. Faculty can facilitate this by making them 
explicit. For example, what was learned in treating hypogly-
cemia while searching for other causes of a change in mental 
status should be generalized to other situations: empiric ther-
apy for a common condition should not preclude nor be 
delayed by investigation of other causes – treat dehydration 
in febrile children despite the possibility of sepsis.  

   The Summary Phase 
 The summary phase is the  fi nal phase of debrie fi ng. Here, 
instructors should allow trainees to share new insights with 
each other as they re fl ect on their past and future perfor-
mance, process new knowledge, and prepare to transfer gains 
to future clinical situations. Faculty should signal that the 
debrie fi ng session is coming to a close and invite trainees to 
share their current view of what went well and what they 
hope to sustain as well as what they hope to change or 
improve in the future. In general, instructors should avoid 
summarizing at this stage unless the prede fi ned learning 
objectives were not met nor discussed by the trainees. 
Another option is to ask participants to share their main 
“take-home points” from the session and the discussion. 
Frequently, there is signi fi cant diversity from the trainees at 
this stage that is rewarding for students and teachers alike.    

   Conclusion 

 Transparency in learning goals, understanding and use of 
simulation education and debrie fi ng, mindset towards learn-
ing, and the structure of the debrie fi ng can help orient, focus, 
relax, and prepare trainees for learning during debrie fi ng. 
Good judgment can help faculty to give direct feedback, share 
their point of view, and understand their trainees’ frames in 
order to help them sustain and improve their performance. 

 In this chapter we have shared four key tenets for debrief-
ers. This approach to debrie fi ng favors preparation of goals 
and speci fi c knowledge of the subject matter including the 
performance standard so that trainees receive clear feedback. 

Feedback with good judgment is critical for re fl ection, and 
re fl ection on one’s thoughts and actions is the basis of change 
and learning. As such, the debriefer is a cognitive diagnosti-
cian searching for the trainee’s frames hoping to diagnose 
and treat appropriately. In its current state, simulation is con-
fusing enough as it is. Learners bene fi t from being pointed 
away from distractions and towards the important lessons by 
the faculty. Clear, speci fi c, explicit learning objectives can 
greatly facilitate this process. Following a three-phase 
debrie fi ng helps trainees as the method is predictable and 
form and function are aligned. The reactions phase deacti-
vates learners and clari fi es what happened in the simulation 
including many clinical details. In the analysis phase instruc-
tors give feedback and help trainees identify and close per-
formance gaps. Learners reach new understandings, in 
particular about their thoughts, assumptions, beliefs, and 
experience. During the summary phase trainees prepare to 
transfer these gains of  new  knowledge, skills, and attitudes to 
their current and future clinical environments. Central in the 
educational process of learning with simulation is the 
debrie fi ng. It is our hope that reading this chapter deepened 
your understanding and helps you re fl ect on your practice.      
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          Introduction 

 Crisis Resource Management (CRM) in health care, a term 
devised in the 1990s, can be summarized as the articulation of 
the principles of individual and crew behavior in ordinary and 
crisis situations that focuses on the skills of dynamic decision- 
making, interpersonal behavior, and team management  [  1,   2  ] . 

 It is a system that makes optimum use of all available 
resources—equipment, procedures, and people—to promote 
patient safety. It is a concept that sits within a larger organi-
zational framework of education, training, appraisal, and 
re fi nement of processes at both a team and individual level. 

 Since its earliest iterations, Crisis Resource Management 
has grown in health-care education and in the provision of 
health care across multiple domains. The concept has spread 
from individual disciplines and institutions to entire health-
care systems  [  3–  5  ] . Simulation-based CRM curricula com-
plement traditional educational activities and can be used for 

other purposes such as the introduction of new staff to unfa-
miliar work practices and environments or for “ fi ne-tuning” 
existing interdisciplinary teams. 

 Increasingly, mandates for CRM-based simulation expe-
riences for both training and certi fi cation are issued by pro-
fessional societies or educational oversight bodies who 
accredit or endorse simulation programs for these purposes 
 [  6  ] . In some cases medical malpractice insurers encourage 
CRM curricula for their clinicians, often by offering reduced 
premiums for those who have undergone training  [  7  ] . 
Nationally and internationally, CRM courses have been cre-
ated to improve the training and practice of many health-care 
professionals with the ultimate aim of better and safer patient 
care. In this chapter we will review the concept of CRM in-
depth from its historic, nonmedical origins to its application 
in health care. We will provide the reader with a detailed 
working knowledge of CRM in terms of vocabulary, courses, 
principals, training, and outcomes.  

   The Origins of CRM 

 To fully understand CRM in health care, it is useful to explore 
its origins in parallels drawn from aviation and other high-haz-
ard industries. Exploring where CRM came from and where it 
is heading in other arenas gives insights into its theoretical 
underpinnings and also its likely future health-care applica-
tions. “Crisis” Resource Management grew out of a number of 
concepts but was largely modeled on “Cockpit” Resource 
Management from US commercial aviation, later termed Crew 
Resource Management. CRM in aviation had its origins in the 
1970s and 1980s. Commercial aviation had grown rapidly 
between the World Wars and dramatically after WWII. Safety 
within aviation improved remarkably with the advent of the jet 
engine, which revolutionized aircraft reliability and allowed 
routine  fl ight above many weather systems. These factors com-
bined with an integrated radar-based air traf fi c control system 
spurred a drop in accident rates. However, well into the 1970s 
and 1980s, aviation accidents still occurred. 
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 Aviation traditionally (especially since WWII) applied 
human factors engineering principles to cockpit design and 
pilot selection. In the 1940s human factors principles con-
centrated mainly on the operator-equipment interface and its 
role in improving the safety and reliability of  fl ying  [  8,   9  ] . 
The human factors research from the 1940s to 1950s, 
although fundamental for the more encompassing human 
factors discipline of recent years, did little to address avia-
tion safety in the era of improved aircraft reliability and 
design. It was determined that a more holistic approach to 
the investigation and amelioration of aviation incidents was 
necessary. 

 The National Transportation Safety Board and independent 
airlines’ investigations of accidents found that between 1960 
and 1980, somewhere between 60 and 80% of accidents in 
corporate, military, and general aviation were related to human 
error, initially called “pilot error,” referring not so much to the  
“stick and rudder” skills of  fl ying the plane but to “poor man-
agement of resources available in the cockpit”—essentially 
suboptimal team performance and coordination  [  8  ] . 

 Investigators at the NASA-Ames Research Center used 
structured interviews to gather  fi rst-hand information from 
pilots regarding “pilot error,” in addition to analyzing the 
details of incidents reported to NASA’s Aviation Safety 
Reporting System  [  8,   10,   11  ] . From this research they con-
cluded that the majority of “errors” were related to de fi ciencies 
in communication, workload management, delegation of 
tasks, situational awareness, leadership, and the appropriate 
use of resources. In Europe at this time, the SHEL model of 
human factors in system design was created. This examined 
 software  (the documents governing operations),  hardware  
(physical resources),  environment  (the external in fl uences 
and later the role of hierarchy and command in aviation inci-
dents), and  liveware  (the crew)  [  8,   12,   13  ] . 

 From many of these threads came the notion of a new 
form of training, developed to incorporate these concepts 
into the psyche of pilots and, in later iterations of “Crew” 
Resource Management, to all crew members. There was a 
reluctance to use a “band-aid” approach to address the issues 
but instead a true desire to explore the core elements that 
would lead to safer aviation practices. In 1979 NASA spon-
sored the  fi rst workshop on the topic providing a forum for 
interested parties to discuss and share their research and 
training programs. That same year, United Airlines, in col-
laboration with Scienti fi c Methods Inc. set about creating “a 
multifaceted and all encompassing training program that 
would lead to improved problem solving while creating an 
atmosphere of openness within its cockpits that would ensure 
more ef fi cient and safe operations”  [  10  ] . 

 This program drew from a number of sources including avia-
tion experience, psychology, human factors, and business man-
agerial models  [  8,   14  ] . It combined CRM principles with LOFT 
(Line Oriented Flight Training), a form of simulation-based 

training replicating airline  fl ights from start to  fi nish followed 
by debrie fi ng sessions using videos of the scenarios. This type 
of training combined the conduct of CRM behaviors with the 
technical skills of  fl ying the plane. The program was integrated 
with existing educational programs, reinforced and repeated. By 
the 1986 workshop on Cockpit Resource Management Training, 
similar programs had been developed by airlines and military 
bodies worldwide  [  10  ] .  

   CRM and Health Care 

 During this period of widespread adoption of CRM through-
out the airline industry, David Gaba, an anesthesiologist at 
Veterans Affairs Palo Alto Health Care System (VAPAHCS) 
and Stanford University, and his colleagues were interested 
in exploring the behavior of anesthesiologists of varying lev-
els of training and expertise in crisis situations. They were 
examining patterns of behavior and gaps in knowledge, 
skills, and performance, akin to the initial exploration of 
pilot and crew behaviors in the investigations that led to the 
development of Crew Resource Management in aviation a 
decade earlier (a detailed history of Gaba’s team’s work 
before and during the evolution of ACRM is covered in his 
personal memoir in Chap.   2     of this book as well as in the 
paper “A Decade of Experience”  [  15  ] ). 

 Beginning in 1986, Gaba and others created a simulated 
operating room setting where multiple medical events were 
triggered in or around a patient simulator (CASE 1.2–1.3) in 
a standardized multi-event scenario  [  16,   17  ] . It became 
apparent from analysis of videotapes from these early exper-
iments that the training of anesthesiologists contained gaps 
concerning several critical aspects of decision-making and 
crisis management. As in aviation, the majority of errors 
were related to human factors including  fi xation errors rather 
than equipment failure or use. Although the level of experi-
ence played a role in managing critical incidents, human fac-
tors were a concern at every level of training and experience, 
as illustrated in studies including attending anesthesiologists 
 [  17–  19  ] . Just like the early days of aviation training, which 
relied heavily on “stick and rudder” skill training, training in 
anesthesia (and other  fi elds of medicine) had focused heavily 
on the medical and technical aspects of patient management 
but not on the behavioral aspects of crisis management skills 
that seemed equally important for achieving good patient 
outcomes in anesthesia and similar  fi elds. 

 It was time for a paradigm shift, to create a new way of 
learning the critical skills that were needed to manage chal-
lenging situations in anesthesia. Gaba, Howard, and col-
leagues explored other disciplines to best study and improve 
the teaching of such elusive skills, in particular the concepts 
surrounding decision-making in both static and dynamic 
environments  [  20–  22  ] . Decision-making in the operating 
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room quali fi ed as a “complex dynamic world” referred to in 
the “naturalistic decision-making” literature, a world where 
problems are ill structured, goals are ill de fi ned, time pres-
sure is high, and the environment is full of uncertainty  [  22  ] . 

 Creating a training program that addressed skills such as 
dynamic decision-making in teams, while incorporating a 
“medically” appropriate set of “Crew Resource Management” 
principles, required a move away from the traditional didac-
tic classroom setting. Gaba, Howard, and colleagues were 
training adults—residents and experienced clinicians—with 
the aim of changing behavior. Adult learning theory and 
experience suggested that adults preferred learning to be 
problem centered and meaningful to their life situation, to be 
actively engaging, and to allow immediate application of 
what they have learned  [  23–  25  ] . Thus, to meet these needs 
the  fi rst multimodal “Anesthesia Crisis Resource Management 
(ACRM)” immersive course was developed in 1989–1990 
( fi rst run, September, 1990, with a group of senior anesthesia 
residents in their last year of training)  [  26  ] . 

 At the time of the initial ACRM offering in the 1990s, there 
was a growing recognition that the practice of medicine was 
becoming increasingly team orientated, and the skills needed 
to work as an effective team needed to be addressed. There 
was an explosion in research exploring teams, how they func-
tion, and how to train and assess them,  fi rst in the military and 
then in the business environment. For example, Glickman, 
Morgan, and Salas looked at the phases of development that 
characterize team performance, those associated with techni-
cal aspects of the task (task work) and those associated with 
team aspects of the work (teamwork)  [  27,   28  ] . Most impor-
tantly, it was found that teamwork skills that were consistent 
across tasks impacted a team’s effectiveness  [  29  ] . 

 High-risk, high-acuity areas of medicine were the  fi rst to 
incorporate CRM training (e.g., anesthesiology, emergency 
medicine, critical care, surgery, obstetrics, neonatal units) 
because of the clear cognitive parallels with aviation and the 
requirements in these areas to conduct dynamic decision-
making and team management. However, the principles are 
also applicable to less dynamic settings that have less “lethal-
ity per meter squared” but a much higher throughput of 
patients per day. Such arenas include almost all medical dis-
ciplines but especially  fi elds like nursing, dentistry, phar-
macy, and multiple allied health professions. 

 Today, CRM is ubiquitous. Since the early days of ACRM, 
we, like multiple centers across the world, have expanded our 
Crisis Resource Management courses beyond anesthesiology 
to cover multiple disciplines (e.g., neonatology, ICU, ED, 
code teams, rapid response teams) to be run either  in situ  or in 
dedicated simulation centers, across learner populations from 
novice to expert, and conducted as single-discipline courses 
or with multidisciplinary and interprofessional teams 
 [  30–  35  ] . CRM courses and CRM instructor courses are now 
available at numerous centers internationally. They have 

evolved over time to best suit the learning objectives and cul-
tural needs of the populations they serve as well as the phi-
losophy and pedagogical preferences of the local instructors.  

   Variations of CRM 

 Many variants and hybrids of ACRM training have been 
developed and deployed over multiple health-care domains, 
disciplines, and institutions; some were connected directly to 
the VAPAHCS/Stanford work, while others were developed 
independently. 

 In the early 1990s, a collaborative project between Robert 
L. Helmreich of the University of Texas, a pioneer in the 
aviation side of CRM, and (the now deceased) Hans G. 
Schaefer, M.D., of the University of Basel created     Team-
Orientated Medical Simulation   [  36–  38  ] . In this high- fi delity, 
mannequin-based simulation program, a complete operating 
room involving all members of the surgical team, including 
physicians, nurses, and orderlies was designed to teach skills 
to mixed teams. It focused heavily on the team structure of 
the learning environment. The course consisted of a brie fi ng, 
a simulation, and a debrie fi ng, often a laparoscopic case with 
an event such as a “pneumothorax” to “draw” in all the team 
members. The courses tended to be shorter than traditional 
ACRM-styled courses. 

 At roughly the same time as these interventions came 
about started, other programs addressing teamwork or CRM 
in health care were started, mostly using didactic and semi-
nar-style teaching without simulation. Indeed the earliest 
iterations of CRM in aviation, prior to the introduction of 
LOFT, relied heavily on similar teaching methods, and in 
fact, many of the early non-simulation CRM programs in 
health care grew out of commercial efforts by purveyors of 
aviation CRM to expand into new markets in health care. 
Thus, as of the writing of this chapter, one can  fi nd courses 
billed as CRM or CRM-oriented in health care provided by a 
number of different groups, each with different teaching phi-
losophies. As these programs have developed, there has been 
an increasing tendency to use multimodal educational tech-
niques—often including simulation—to achieve the desired 
learning objectives. We will quote a few examples, but there 
are many others. 

 In the late 1990s, Dynamics Research Corporation noted 
a number of similarities between the practice of emergency 
medicine and aviation, which led to the creation of  MedTeams . 
This curriculum was based on a program to train US army 
helicopter crews in speci fi c behavioral skills which was then 
tailored to meet the needs of emergency medicine personnel 
 [  39–  41  ] . It has since been expanded to labor and delivery, 
operating room, and intensive care settings. This program 
was designed to reduce medical errors through the use of 
interdisciplinary teamwork, an emphasis on error reduction 



98 R.M. Fanning et al.

similar to the  fi fth iteration of CRM in aviation described by 
Helmreich et al. as the “threat and error management” con-
cept  [  42  ] . The program contains three major phases:  site 
assessment ,  implementation , and  sustainment   [  43  ] . The  site 
assessment phase  is conducted both by self-assessment and 
an on-site facilitator. The  implementation phase  involves 
classroom didactic or web-based skill-building exercises for 
participants, plus a “train-the-trainer” instructor program to 
allow for dissemination of the program throughout the 
department or institution. MedTeams focuses on generic 
teamwork skills, targeting disparate teams of three to ten 
health-care providers, using classroom instruction, videos, 
and feedback from a facilitator  [  39  ] . The  sustainment phase , 
seen as the cornerstone of the MedTeams program, involves 
formal and informal coaching strategies and ongoing evalua-
tion and training. The original MedTeams curriculum did not 
use simulation. 

  Medical Team Management  is a CRM-based program 
developed by the US Air Force, styled on the  fi ghter pilot 
training program, and was created to address de fi ciencies in 
the Air Force Hospital system. It uses a variety of training 
strategies including didactics, web-based seminars, model-
ing, and case-based scenarios  [  39  ] . The program uses estab-
lished learning theories, founded on well-constructed human 
factors principles. Participants are expected to perform tasks 
in the workplace based on their training and discuss their 
progress at subsequent training sessions. Medical Team 
Management focuses on reinforcing and sustaining the 
human factors concepts taught in the program, with periodic 
drills, team meetings, and follow-up progress reports  [  39, 
  44–  46  ] . 

  Dynamic Outcomes Management,  now Lifewings, is a 
CRM-based course developed by Crew Training International 
 [  39,   47  ] . This is a multidisciplinary team-based training, 
staged, with an educational phase and a number of follow-up 
phases. The program highly values the use of challenge and 
response checklists. Participants are encouraged to create 
and implement their own checklist-based protocols to effect 
change in their working environment. 

 In the 2000s, the US Department of Veterans Affairs 
developed their  Medical Team Training program   [  48  ] . The 
MTT model was designed, in addition to training CRM prin-
ciples, to improve patient outcomes and enhance job satis-
faction among health care professionals. This program has 
an application and planning phase, followed by interactive 
learning and a follow-up evaluative phase. Multimodal video 
teaching modules for this course were created in collabora-
tion with the Simulation Center of the Palo Alto, CA, VAMC, 
and the Boston VA Health Care System. As of March 2009, 
124 VAMCs participated in the program, representing various 
clinical units such as operating rooms, intensive care units, 
medical-surgical units, ambulatory clinics, long-term care 
units, and emergency departments. 

  Team Strategies and Tools to Enhance Performance and 
Patient Safety (TeamSTEPPSTM)  was developed by the US 
Department of Defense and the Agency for Healthcare 
Research and Quality (AHRQ)  [  49  ] . It was designed with the 
aim of integrating teamwork into clinical practice and, in 
doing so, improving patient safety and the quality and effec-
tiveness of patient care. TeamSTEPPSTM was publicly 
released in 2006 and materials for TeamSTEPPSTM are freely 
available through the AHRQ. 

 The program contains three major phases, starting with a 
“needs assessment” designed to determine both the require-
ments of the host institution and their preparedness to take 
the TeamSTEPPSTM initiative on board. The second phase is 
one of planning, training, and implementation. Organizations 
can tailor the program to their speci fi c needs, in a timed man-
ner, referred to as a “dosing” strategy. The third phase of 
sustainment stresses the need to sustain and spread the con-
cepts within the institution at large. 

 The educational materials are multimodal, combining 
didactics with webinars, powerpoints, video vignettes, and 
other formats selected to best suit the needs of each host 
institution. TeamSTEPPSTM emphasizes practical tech-
niques and mnemonics to help clinicians execute effective 
team behaviors (e.g., the highly popular “SBAR” mnemonic 
for communicating a patient’s status). Additional materi-
als and modalities are being continuously added to supple-
ment the “Core TeamSTEPPSTM” including leadership skills, 
TeamsSTEPPSTM for rapid response teams, and most recently 
various hybrid TeamSTEPPSTM that utilize mannequin-based 
simulation.  

   Core Principles of CRM 

 Despite the evolving nature of CRM in health care—which 
now comes in various  fl avors and varieties—as well as 
advances in health-care practices, the core set of nontechni-
cal skills for health-care teams seems to us to be surprisingly 
consistent. We present the VA Palo Alto/Stanford formula-
tion of the key points of Crisis Resource Management. Other 
varieties have substantial similarities to these, but each for-
mulation has its own points of emphasis. 

 In all our CRM-styled simulation courses, we explicitly 
teach the “language” of Crisis Resource Management. We 
explore the concepts of CRM with our course participants 
using concrete examples drawn initially from non-health-
care settings, to impartial health-care settings, before mov-
ing on to their own performance. We discuss in detail the 
“key points” of CRM, their origins and applications. We dis-
play them around our debrie fi ng room and give participants 
pocket-sized aids to refer to throughout the course. Creating 
this “shared language” sets the scene for rich objective dis-
cussion during debrie fi ng sessions. In our CRM instructor 
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courses, we emphasize ways of improving discourse around 
the “key points.” As we favor participant-led discussion over 
facilitator instruction, we illustrate ways to explore the key 
points using statements, open-ended questions, and other 
discursive techniques. As we describe the key points below, 
we will include examples of these techniques. 

 Conceptually, the key points can be organized into a num-
ber of broad categories: Team Management, Resource 
Allocation, Awareness of Environment, and Dynamic 
Decision-Making. There are interactions and overlaps among 
the principles below, as represented in Fig.  8.1 .   

   Team Management 

   Leadership/Followership 

 Leadership means to conduct, to oversee, or to direct towards 
a common goal.    In Crisis Resource Management, the “over-
sight” role of leadership is emphasized (meaning the ability 
to “see the big picture”) to decide what needs to be done and 
then prioritize and distribute tasks. Questions for this key 
point include: Who can be or should be the leader? How is 
the leadership role assigned—hierarchically or by skill set? 
What happens if there are multiple leaders or the leadership 
position changes over time? How can we recognize a leader? 
What are the elements of good leadership? What techniques 

does the leader employ to ensure that  common goals are 
met? 

 Any discussion of leadership ultimately broadens to a 
conversation involving “followership” and questions such 
as: What are the functions or responsibilities of the “follow-
ers” in a team? How can followers aid the leader? Can a fol-
lower become a leader? If so, what mechanisms if any, allow 
this transition to occur effectively?  

   Role Clarity 

 Team roles need to be clearly understood and enacted. If the 
leader is the “head” or director of the team, what roles do the 
other team members have? How are these roles assigned and 
recognized? Are these explicit, such as by verbal declarations, 
by wearing designated hats, vests, or role-speci fi c badge? 
Or are roles recognized implicitly, such as by where people 
stand or the tasks they perform? Do roles change over time 
or in different circumstances, and if so, how are role changes 
communicated?  

   Workload Distribution 

 In complex crisis situations, a multitude of tasks must be 
 performed almost simultaneously. When possible the leader 
stands back and designates work to appropriate team mem-
bers. Leaders who immerse themselves in “hands-on” tasks 
may lose their ability to manage the “larger picture.” In situ-
ations where the leader is the only person skilled in a par-
ticular technique, they may need to temporarily delegate all 
or part of the leadership responsibility to another team mem-
ber. Distribution of tasks and leadership roles in a dynamic 
setting are not intuitive and are best explicitly taught and 
practiced.  

   Requesting Timely Help 

 Generally, it has been found that individuals or teams in 
 crisis situations hesitate to call for help, and when they 
eventually do so, it may be too late. Thus, we now urge 
participants to err on the side of calling for help even if 
they themselves and their colleagues might be able to man-
age without it. We acknowledge that there are practical 
limits to how often one can call for help without creating 
the “boy who cried wolf” phenomenon. When to call for 
help, and indeed how early is early enough, varies depend-
ing on the locale and its resources, time of day, experience 
and expertise of the clinicians, and complexity of the 
patient care situation. Simulations often trigger rich dis-
cussion about these issues.  
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  Fig. 8.1    Crisis Resource Management key points (Diagram courtesy 
of S. Goldhaber-Fiebert, K. McCowan, K. Harrison, R. Fanning, S. 
Howard, D. Gaba  [  50  ] )       
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   Effective Communication 

 Faulty communication has long been cited as a major 
 contributing factor in the investigation of high pro fi le acci-
dents in high-hazard industries  [  51,   52  ] . In medicine, poor 
communication has been identi fi ed as a root cause of medi-
cal error in a myriad of health-care settings. Although the 
diagnosis of “communication failure” can be a “catch-all” 
assessment that risks masking deeper systems failures, there 
is no question that communication is of vital importance in 
crisis management. Improving communication in such set-
tings involves more than simply ensuring the accurate trans-
fer of information. In-depth consideration of how social, 
relational, and organizational structures contribute to com-
munication failures is also required  [  53  ] . 

 Communication skills in dynamic acute patient care 
 arenas—particularly those involving multifaceted teams 
that are temporary and transitory in nature—require a par-
ticular skill set for both followers and leaders. To support 
the establishment of role clarity and leadership, formal but 
brief introductions may be used, for example, in the popular 
“universal protocol” used to prevent wrong site, wrong pro-
cedure, and wrong patient surgery  [  54  ] . As part of the pro-
tocol, a “time out” is performed just prior to incision where 
team members identify themselves and their roles. In some 
settings such as a trauma bay in an emergency department, 
individuals with speci fi c roles may be assigned to stand in 
certain spots around the patient to provide a nonverbal indi-
cation of their roles. 

 Usually, verbal communication is at the heart of interac-
tion. Ordinarily it should be clear, directed, and calm. When 
necessary, the leader may need to be more assertive, to quiet 
team members, or to draw attention to pressing concerns. In 
these instances, it may be necessary to raise one’s voice or 
sound a whistle to achieve order. Followers may also need to 
display assertiveness if the goal of “best patient care” is to be 
achieved. The concept of “Stop the line,” a reference to 
assembly line practice whereby any worker can shut down 
production if a hazard if found, is increasingly being 
employed in health-care settings to halt unsafe practices by 
any member of the team. 

 Many communications are in the form of orders, requests, 
or queries. There may be a tendency to utter commands or 
requests “into thin air” (e.g., “we need a chest tube”) with-
out clear direction at a recipient. Such messages are often 
missed; actions are much more likely to be completed if a 
recipient is speci fi cally identi fi ed. “Closed loop communi-
cation” is an effective method to ensure critical steps are 
completed. The concept originates from “control system 
theory,” where a closed loop system has, in addition to an 
input and output pathway, a feedback loop to ensure the pro-
cess has been completed  [  55  ] . “Read-back” of orders is a 

classic everyday example. In commercial aviation, pilots are 
required by federal regulations to  read-back “clearances” 
and any order having to do with an active runway to air 
traf fi c control. Good communication and task coordination 
requires team members to inform the leader when an 
assigned task is completed. 

 Highly performing teams try to establish a “shared mental 
model” so that everyone is “on the same page.” Practical 
methods for achieving this coordination include out loud 
“stream of consciousness” commentary by the leader, peri-
odic open recap and reevaluation of the situation by the 
leader, reminders by whomever is acting as the “recorder,” 
formal “time-outs” before procedures, or a formal patient- 
centered daily “care plan” in a ward or outpatient setting. 
The goal is for the team to be aware of the “big picture,” with 
everyone feeling free to speak up and make suggestions in 
the best interest of the patient if best practices are not being 
employed or effectively delivered.   

   Resource Allocation and Environmental 
Awareness 

   Know Your Environment 

 Crisis avoidance or management requires detailed knowl-
edge of the particular clinical environment. Thorough famil-
iarity with the operation of key equipment is vital in many 
high-tech environments such as the operating room, emer-
gency department, and intensive care unit. Often even very 
small technical issues can make or break the clinical out-
come for the patient. Other aspects of the environment 
include where equipment, medications, and supplies are 
located; who is available; and how to access resources when 
needed. Even familiar settings may take on a different char-
acter on the weekend or when different team members are 
present.  

   Anticipate and Plan 

 Effective crisis management “anticipates and plans” for all 
eventualities, as modi fi ed by the speci fi c characteristics of 
one’s environment and the situation. Unlike in a hospital 
setting, managing a “code” in an outpatient center or nurs-
ing home setting may necessitate stabilizing and transfer-
ring a patient to another facility, which might require 
numerous personnel, and extensive planning. Anticipating 
and planning for a potential transfer early in the patient’s 
treatment can be lifesaving. Such preemptive thinking and 
action is dynamic as an event unfolds—it is useful to 



1018 Crisis Resource Management

anticipate the worst case of what might transpire and take 
reasonable steps to get the situation fails to improve ready 
in case.  

   Resource Allocation and Mobilization 

 In the earliest investigations of airline accidents, inadequate 
utilization of cockpit and out-of-cockpit resources was cited 
as a leading concern  [  10  ] . The concept of “resource” has 
broadened to include not only equipment but also personnel 
and cognitive skills. Resources vary from setting to setting 
and team to team. It is imperative that teams are aware of 
resources available to them, for example, how to access extra 
staff, equipment, knowledge and how to mobilize resources 
early enough to make a difference. Some resources have a 
particularly long “lead time” so an early decision to put them 
on alert or to get them mobilized can be critical.   

   Dynamic Decision-Making 

 Decision-making, particularly in crisis situations, can be 
extremely challenging, especially in conditions of dynamic 
evolution and uncertainty. A number of concepts explored 
below are integral to the decision-making process in rapidly 
changing, highly complex environments. 

   Situation Awareness 

 The concept of situation awareness has featured heavily in 
the realms of human factors research. In essence, it has been 
described as the operator’s ability to perceive relevant infor-
mation, integrate the data with task goals, and predict future 
events based on this understanding  [  56,   57  ] . Situation aware-
ness is an adaptive concept requiring recurrent assessments, 
tempered by environmental conditions  [  58,   59  ] . 

    Gaba and Howard describe three key elements to help 
enhance situation awareness in health-care settings: (1) sen-
sitivity to subtle cues, (2) dynamic processing as the situa-
tion changes, and (3) cognizance of the higher-order goals or 
special characteristics that will change the otherwise typical 
response to a situation  [  60  ] . Dynamic decision-making in 
medicine often utilizes matched patterns and precompiled 
responses to deal with crises, but when the crisis falls outside 
“usual practice,” such recognition-primed decision-making 
may be insuf fi cient  [  61  ] . 

 In a crisis situation, it is easy to become immersed in tasks 
or to become  fi xated on a single issue. Human attention is 
very limited and multitasking is dif fi cult and often unsuc-
cessful. Attention must be allocated where it is needed most. 

This is a dynamic process and priorities change over the 
course of the crisis  [  62  ] . Distraction and interruption are 
known vulnerabilities of human beings particularly for “pro-
spective memory”—remembering to do something in the 
future  [  63,   64  ] . When an interruption occurs, it can derail the 
planned sequence of actions.  

   Use all Available Information 

 Multiple information sources including clinical history, 
monitored data (e.g., blood pressure or oxygen saturation), 
physical  fi ndings, laboratory data, or radiological readings 
are critical for managing a patient in crisis. Many of these 
 fi ndings change rapidly and require constant vigilance. 
Some items are measured redundantly, allowing rapid cross-
checking of information, which can be prone to artifact, 
transients, or errors. Electronic health records provide a 
wealth of clinical information and may incorporate alerts 
such as drug incompatibilities to aid patient care and safety. 
The internet provides a secondary source of information, 
but as in all other sources of information, it requires judi-
cious prioritization.  

   Fixation Error 

 A  fi xation error is the persistent failure to revise a diagnosis 
or plan in the face of readily available evidence, suggesting 
that a revision is necessary  [  62,   65,   66  ] . Fixation errors are 
typically of three types. One type of  fi xation error is called 
 this and only this —often referred to as “cognitive tunnel 
vision.” Attention is focused on one diagnosis or treatment 
plan, and the operator or team is “blind” to other possibili-
ties. Another is  everything but this , a persistent inability to 
hone in on the key problem despite considering many possi-
bilities. This may occur for diagnoses that are the most 
“frightening” possibility or perhaps where treatment for the 
problem is outside the experience or skill set of the individ-
ual. One of the most ominous types of  fi xation error is the 
persistent claim that  everything is OK , in which all informa-
tion is attributed to artifact or norms and possible signs of a 
catastrophic situation are dismissed. This type of error often 
results in a failure to even recognize that a serious problem is 
present and a failure to escalate to “emergency mode” or to 
“call for additional help or resources” when time is of the 
essence. 

 Individuals and teams who are aware of the potential for 
 fi xation error can build “resilience” into their diagnostic 
and treatment plans by “seeking second opinions” and 
 reevaluating progress. The “10-seconds-for-10-minutes prin-
ciple” posits that if a team can slow its activities down just a 
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little, it can gain more than enough bene fi t in rational deci-
sion-making and planning to offset the delay  [  62  ] . A 10-s 
pause and recap may reveal information and aid decision-
making, preventing diagnostic errors and missteps which 
effectively “buy extra time” in a crisis situation.   

   Cognitive Aids 

 Cognitive aids are tools to help practitioners to remember 
and act upon important information and plans that experi-
ence shows are often “inert” or dif fi cult to use unaided in 
stressful conditions. Although the term cognitive aid includes 
“checklists,” the concept also includes written protocols 
guidelines, visual or auditory cues, and alert and safety 
systems. 

 Aviation, among other high-hazard industries, has long 
been successful in using checklists for routine conditions 
and other written emergency procedures for unanticipated 
events such as engine failure for many years. Pilots’ simula-
tion training reinforces the use of their “Quick Reference 
Handbooks” for training and handling of real emergency 
events. Cognitive aids should not be considered a replace-
ment for more detailed understanding of the material. Their 
use is not a re fl ection of inadequate or inept personnel. They 
are however extremely valuable during a crisis because 
human beings have innate dif fi culty with recall and cogni-
tion at these times. There is value in putting knowledge “in 
the world” rather than just in people’s heads  [  67  ] . 

 A common misconception in the past about crisis manage-
ment in health care was that because immediate lifesaving 
actions must be performed almost instantaneously, there is 
little role for cognitive aids. In fact, cognitive aids can be of 
great value especially, during such time-sensitive critical 
events, though they must be designed, trained, and used appro-
priately to make them effective rather than distracting. A vivid 
example from aviation was the emergency landing of US 
Airways  fl ight 1549 on the Hudson River, during which the 
copilot actively read aloud and completed appropriate actions 
from the “Dual Engine Failure” section of their “Quick 
Reference Handbook” while the pilot  fl ew the plane and com-
municated with air traf fi c control personnel  [  68  ] . 

 In health care, we have several challenges to address 
before practitioners can effectively and ef fi ciently use cogni-
tive aids during an emergency. Though no small task, only  
when these kinds of aids are familiar, accessible, and cultur-
ally accepted will they be used effectively to improve patient 
care. 

 The success of the WHO Safe Surgery Checklist (among 
others) has speeded the tide of change in viewing cognitive 
aids as important tools enhancing patient care rather than as 

“crutches” or “cheat sheets.” Studies have shown that practi-
tioners often miss critical steps or prioritize ineffectively 
when managing emergencies, and a growing nascent body of 
literature is showing that use of cognitive aids can improve 
performance  [  69,   70  ] . Cognitive aid design is a complex 
endeavor; cognizance of the environment in which the cogni-
tive aid will be used and the user populations are crucial. 
Attention to layout, formatting and typography in addition to 
the organization and  fl ow of information is vital. Content can 
be improved by the utilization of prepublished guidelines 
and standards of care, employing expert panels. The relevant 
individual cognitive aids should likely be grouped into easily 
usable, familiar, and accessible emergency manuals that are 
available in the appropriate clinical context. Iterative testing 
of prototypes during simulated emergencies can improve the 
aids signi fi cantly. 

 Both real-life and simulation-based studies have shown 
that simply placing the relevant information at the  fi ngertips 
of practitioners without training them in their use is 
insuf fi cient  [  69,   71,   72  ] . Health-care teams must be famil-
iarized and trained in the use of cognitive aids, with a com-
bination of simulated emergencies and their use in real 
clinical situations. Gaba, Fish, and Howard in their 1994 
book  Crisis Management in Anesthesiology  developed the 
 fi rst useful index of operating room critical events in addi-
tion to detailing CRM behaviors  [  73  ] . For many years, 
however, the only commonly available widely promulgated 
 point of care  cognitive aids for emergency health-care 
events have been the AHA ACLS guidelines book/cards 
and the Malignant Hyperthermia poster/wallet card made 
by MHAUS. The AHA materials are likely the most widely 
used, contain extremely useful information, and have the 
necessary bene fi t of being familiar to most practitioners. 
However, their font is too small to easily read during a 
“code,”. In addition only ACLS events are covered. 
Recently, many institutions have adopted a separate “local 
anesthetic toxicity treatment cart” with the ASRA local 
anesthetic toxicity treatment guidelines. 

 The Veterans Health Administration was the  fi rst group to 
employ cognitive aids for both cardiac arrest- and anesthe-
sia-related intraoperative events across multiple centers, 
 fi nding that although they were deemed useful by a signi fi cant 
number of practitioners, lack of familiarity with the aids 
resulted in less than optimal uptake  [  71,   72  ] . As iteratively 
improved content and graphics for medical cognitive aids are 
developed, simulated health-care environments provide an 
ideal setting for testing and redesign  [  74  ] . As Nanji and 
Cooper point out in a recent editorial, simulation courses 
also provide a needed opportunity to train practitioners how 
to appropriately utilize cognitive aids or checklists during 
emergencies  [  75  ] . Burden et al., in their study of the 
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 management of operating room crises, illustrated the added 
value of a reader, working in conjunction with the team 
leader, in improving patient management in a simulated set-
ting, at least in rarer scenarios such as malignant hyper-
thermia and obstetric codes  [  76  ] . 

 Cognitive aids also have a role in the retention of learn-
ing and care delivery. A small randomized control trial 
showed that cognitive aid use helped to sustain improve-
ment from simulation training that was otherwise lost at 
6 months. McEvoy et al. trained anesthesia resident teams 

with either an AHA cognitive aid or their local MUSC 
(South Carolina) version  [  77  ] . Training improved test scores 
in both groups, but performance dropped signi fi cantly for 
both groups at 6 months post-training. However, providing 
the initial cognitive aid at the 6-month follow-up testing 
returned participant performance to a level comparable to 
their post test performance immediately after training. 
Checklists and cognitive aids may also have a role to play in 
improving the safety culture by changing clinicians’ atti-
tudes regarding patient safety  [  78  ] .     

  By Example: A Typical CRM Course 

 Admittedly there are no hard and fast rules regarding how a 
CRM course should be conducted, but to illustrate the con-
cepts, we offer a description of a typical simulation-based 
CRM course for anesthesiologists as conducted at our cen-
ter. The course is multimodal, typically involving initial 
didactic elements and analysis of prerecorded “trigger vid-
eos” (a trigger video is made or selected to trigger discus-
sion by the viewers), with the majority of time spent in a 
number of mannequin-based simulations and debrie fi ngs. 
In novice CRM courses, we  fi rst introduce the participants 
to the concepts of CRM and familiarize them with the 
vocabulary in an interactive fashion. We use both health-
care and non-health-care videos to introduce the partici-
pants to the practice of analyzing performance with the 
CRM concepts in mind, always stressing that the critique is 
of the “performance not the performer.” This gives partici-
pants practice analyzing performance as a group before 
they do so individually. We follow with a series of simula-
tion scenarios developed with particular learning objectives 
in mind. 

 Across scenarios participants rotate roles which are: 
(a) primary anesthesiologist; (b)  fi rst-responder “helping” 
anesthesiologist who can be called to help but arrives to 
the crisis unaware of what has transpired; (c) scrub tech, 
who watches the scenario unfold from the perspective of 
the surgical team; and (d) the “observer” who watches the 
scenario in real time via the audio and video links to the 
simulation room. Each scenario lasts 20–40 min and is 
followed by an instructor-facilitated group debrie fi ng of 
similar length, involving all the participants with their 
unique perspectives. Although substantial learning occurs 
in the scenarios themselves, the ability to engage in facili-
tated re fl ection is considered a critical element of this 
kind of CRM training  [  23  ]  (See Chaps.   6     and   7     on 
debrie fi ng). 

 Although developed intuitively by the VAPAHCS/
Stanford group, its theoretical underpinning  fi ts best with 
Kolb’s theory of experiential learning  [  79,   80  ]  (See 
Chap.   3    ). Our simulation-based CRM courses have an 
active concrete component, the simulation, along with an 
integrated re fl ective observation and abstract conceptual-
ization component—the “making sense of the event”—
which takes place during the debrie fi ng process 
(Figs.  8.2a ,  8.2b ,  8.2c , and  8.2d ). Debrie fi ng in our 
courses is seen as the central core of the learning pro-
cess, being highly focused on CRM and systems think-
ing. We foster discussion rather than direct questions and 
answers and favor participant discourse over facilitator 
instruction. Our goal is to encourage the participant-
focused learning goals in addition to our own curricular 
agenda. Each course is part of the 3-year Anesthesiology 
CRM curriculum (imaginatively named ACRM1, 
ACRM2, ACRM3) which grows in complexity with the 
increasing experience of the participants.     

  Fig. 8.2a    Kolb’s model of experiential learning—adaptation to _
simulation (© 2010 David M. Gaba, MD)       
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  Fig. 8.2b    Adaptation to 
clinical simulation: Step 1: 
Aggregate (Courtesy of 
David M. Gaba, MD)       
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  Fig. 8.2c    Step 2: 
Reformulate for health 
care and include 
simulation (Courtesy of 
David M. Gaba, MD)       
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   CRM Training and Assessment 

 The skills of CRM, although often considered “common 
sense,” have not historically been taught to health-care pro-
fessionals. A few individuals lucky enough to have absorbed 
the skills, probably from exposure to role models who are 
good crisis managers. In general, everyone can improve his 
or her CRM skills. Thus, as in aviation (and other  fi elds), 
speci fi c efforts are warranted to teach these skills and to pro-
vide opportunities for their controlled practice in a coherent 
structured fashion. 

 Crisis Resource Management principles are inherently 
subjective and do not lend themselves to objective examina-
tion systems such as multiple choice tests, checklists of 
appropriate clinical actions, metrics of psychomotor skill, or 
time to completion of manual tasks. Nonetheless, simulation 
provides a unique environment in which to perform assess-
ment of crisis management behaviors. It provides a con-
trolled setting to explore known challenging cases in real 
time with audio-video recordings, which in themselves allow 
structured post hoc analyses. 

 A number of scoring systems have been developed to 
examine nontechnical or behavioral skills, the core elements 
of Crisis Resource Management. Perhaps the most well 
known of these is the ANTS systems (Anesthesia Non-
technical Skills)  [  81  ] . ANTS was triggered by the so-called 
NO-TECHS assessment of nontechnical skills in European 

airline pilots developed by the team of psychologists at the 
University of Aberdeen (Scotland) led by Rhona Flin  [  82  ] . 
From NO-TECHS, Flin and her student Fletcher joined with 
anesthesiologists Glavin and Maran to perform in-depth 
analysis of real-life cases, incident reports, as well as a series 
of questionnaires to create ANTS. They identi fi ed two major 
categories (i) cognitive and mental skills—including deci-
sion-making, planning, and situation awareness and (ii) 
social and interpersonal skills, including aspects of team 
working, communication, and leadership. The ANTS system 
sets out to score skills that can be identi fi ed unambiguously 
through observable behavior, increasing its reliability. It does 
not, by design, include ratings for “communication” (assum-
ing that this skill is embedded in all the other nontechnical 
skills). 

 NOTSS, a nontechnical skills rating system for surgeons, 
was developed by Yule, Flin and colleagues. An ICU version 
was created by the same group  [  83,   84  ] . OTAS, an observa-
tional assessment of surgical teamwork, was conceived by 
Undre and colleagues in Imperial College, London  [  85  ] . This 
rating is composed of two parts: a task checklist and also a 
behavioral assessment component largely built around 
Dickinson and McIntyre’s model of teamwork  [  86  ] . The 
behavioral ratings comprised  fi ve groups: shared monitoring, 
communication, cooperation, coordination, and shared lead-
ership. The validity and reliability of the tool has been 
assessed by Hull and colleagues  [  87  ] . Thomas, Sexton, and 

  Fig. 8.2d    Step 3: Include 
supervision and outcomes 
(Courtesy of David M. 
Gaba, MD)       
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Helmreich have developed  fi ve behavioral markers for team-
work in neonatal resuscitation teams  [  88  ] , MedTeams 
identi fi es  fi ve critical dimensions necessary for effective 
teamwork linked with 48 observable behaviors  [  39  ] . 

 One of the more recent developments involved in the 
construction and use of subjective nontechnical skills met-
rics is the Performance Assessment Team concept for a mul-
ticenter study (the MOCA AHRQ study) of the nontechnical 
(and technical) performance of board-certi fi ed anesthesiolo-
gists undergoing the Maintenance of Certi fi cation in 
Anesthesia (MOCA) Simulation Course in the United States. 
Several existing paradigms for scoring have been reported. 

 The Performance Assessment Team in the MOCA proj-
ect has reviewed the literature on nontechnical scoring sys-
tems in health care (including some powerful studies that 
have not yet been published) and has decided that none is 
satisfactory enough to adopt as is. Instead, based on the per-
ceived strongest features of the various systems, the team is 
developing a new integrated set of technical, nontechnical 
(behavioral anchored subjective scores), and holistic rating 
metrics. 

 While the psychometric data on the measures of nontech-
nical skills and the readiness of such systems to assess clini-
cian performance remains controversial, there is a growing 
consensus that even imperfect instruments can make a 
signi fi cant contribution to the current systems of measuring 
clinician performance that have been inadequate to identify 
and categorize poor clinical ability.  

   Crisis Resource Management: Legacy and 
Impact 

 Creating a CRM-based curriculum and deploying it in a 
department or even at an institutional level does not guaran-
tee improved ef fi cacy and patient safety. Salas and colleagues, 
review in 2006 looked at the impact of CRM programs across 
a number of domains including health care. They illustrated 
positive reactions among participants, improved learning in 
general, but variable results with regards to outcomes  [  89  ] . 

 Subsequently, a number of studies have shown positive 
results after the implementation of team-orientated and 
CRM-type programs  [  90–  93  ] , although a meta-analysis of 
the evidence basis of “aviation-derived teamwork training 
in medicine” published in 2010 by Zeltser and Nash did not 
show a de fi nitive outcome bene fi t in Healthcare  [  94  ] . Gaba 
pointed out in 2011, in an editorial extending Weinger’s 
analysis of the “pharmacological analogy” for simulation 
(i.e., considering simulation interventions as if they were 
a medication) that almost all studies to date of simulation, 
and especially of CRM-like curricula, have been very small, 
short in duration, using limited one-time CRM training, with-
out coupling to performance assessment, and without strong 
reinforcement of CRM principles in actual patient care set-

tings  [  95,   96  ] . Under these circumstances the ability to ade-
quately test the impact of the CRM approach is very weak, 
and it is thus not surprising that a meta-analysis cannot (yet) 
show a bene fi t. What is necessary are large studies of the 
adoption of simulation-based CRM training on a compre-
hensive basis in health-care institutions, over a long period 
of time combined with key changes in systems and practices. 
As yet, no funders have emerged for such studies! 

 CRM programs like any other educational endeavor do 
not exist in a vacuum but are subject to organizational and 
cultural in fl uences that exist in any health-care institution. 
Moreover, ideally CRM training programs are just one part 
of a multifaceted strategy to improve teamwork, safety cul-
ture, and patient safety. As noted above, it is critical that the 
principles taught in CRM courses are reinforced in the actual 
work environment. Without this reinforcement the training 
will be vitiated. To date, we know of no site that has fully 
implemented this integration and reinforcement. It remains a 
challenge for all. 

 In aviation, the relationship of the pilot and crew with 
the larger organizational structure is described in terms 
of an “organizational shell” with the “outer” organiza-
tional and cultural elements signi fi cantly impacting on the 
“inner” crew elements. Airlines have much stronger orga-
nizational and operational control over the training and 
work of their air crews than is present in health care  [  97, 
  98  ] . Moreover, the actual practices of  fl ying are strongly 
regulated by national governments. In the USA, there is 
 no  federal agency that regulates the practice of health care 
(the federal government regulates drugs and devices and 
the payment schemes for elderly and indigent patients, but 
it does not directly regulate what clinicians actually do 
or actual health-care practices)  [  99  ] . Although “patients 
are not airplanes,” there is still much to be learned from 
aviation and other industries of high intrinsic hazard 
concerning the implementation of organizational safety 
theory—and speci fi c programs such as CRM training—to 
improve quality and safety outcomes.  

   Conclusion 

 In the quest to ensure improvement in patient safety and the 
quality of patient care, Crisis Resource Management is just 
one cog in the wheel. To achieve high quality patient care in 
a safe, reliable setting, where ef fi ciency and cost effective-
ness are overarching concerns, a comprehensive program of 
training, audit, and assessment is necessary. We, in health 
care, have learned much from our colleagues in aviation, 
business, psychology, and anthropology. Cross-pollination 
and adoption of ideas from other disciplines has strength-
ened the practice of medicine in the past and, in this techno-
logical there are vast opportunities to continue this into the 
future.      
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          Introduction 

 The issue of patient safety is the most paramount topic in 
healthcare training. The striking statistic that approximately 
10% of all patients admitted to hospital encounter some form 
of harm has been reproduced by many reports throughout the 
world  [  1–  5  ] . In 2006, the Institute of Medicine report,     To Err 
Is Human: Building a Safer Health System , reported that 
medical errors are responsible for up to 98,000 hospital 
deaths each year in USA  [  6  ] . Furthermore, each year at least 
1.5 million preventable medication errors occur in the USA, 
and on average, more than one medication error occurs in a 
hospitalized patient each day  [  7  ] . These facts are only com-
pounded by reports that half of all surgical adverse events are 
preventable  [  3  ] . 

 The current paradigm used in healthcare training is based 
on a loosely structured mentor-student relationship. 
Traditionally, this Halstedian apprenticeship model relies on 
the principle of “see one, do one, teach one” where learning 
occurs within the clinical environment  [  8  ] . The unfortunate 

consequence of such practice results in care of patients being 
conducted by inexperienced healthcare professionals, thus 
exposing patients to the potential harm from medical errors. 
The path towards expertise in any profession is steep and 
accompanied by a signi fi cant learning curve. While sur-
mounting this learning curve, errors are most likely to occur 
and, in healthcare, have been associated with higher compli-
cation and mortality rates  [  9  ] . This, of course, is an unacceptable 
drawback of training the next generation of healthcare 
 professionals. As such, these facts, along with an increase in 
public and political expectations, have led to the develop-
ment of strategies outside of the clinical domain to improve 
competence, reduce time on the learning curve, and thereby 
reduce patients’ exposure to preventable errors. 

 One such approach is simulation-based training as it 
allows trainees to develop, re fi ne, and apply knowledge and 
skills in a risk-free, but immersive and realistic environment. 
Any errors made are within a safe setting where, through 
repetitive practice and objective immediate assessment and 
feedback, the attainment of pro fi ciency can be achieved  [  10  ] . 
Healthcare professionals have developed a variety of meth-
ods to train using simulation. For example, simulated and 
virtual patients through standardized role-plays of history 
taking, examination, and communication skills can teach 
fundamentals of patient interaction and clinical skills  [  11  ] . 
Furthermore, bench models using static or interactive man-
nequin simulators and computer-based virtual reality (VR) 
simulator can be used for training and assessment of techni-
cal and nontechnical skills  [  12  ] . The paradigm shift from the 
traditional temporal experience-based design of training to 
one that requires certi fi cation of competence and pro fi ciency 
resulted in the development of pro fi ciency-based simulation 
training curricula  [  10  ] . These curricula account for varying 
rates of learning and allow trainees to practice until a 
prede fi ned “expert” benchmarked level of technical pro fi -
ciency is attained  [  10  ] . This competency-based method of 
training results in a standardized model where con fi rmation 
of appropriate skill level is con fi rmed and has further appli-
cations into revalidation of ongoing competence  [  10  ] . 
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 Simulation is also a potent method to allow healthcare pro-
fessionals to repeatedly practice and safely manage recreated 
challenging and complex scenarios that are infrequently 
encountered in clinical practice  [  13  ] . Although inexperience 
is an important factor in medical errors, the majority are systems 
related  [  6  ] . Thus, a further extension of the use of simulation-
based training to enhance patient safety is its application in 
systems and team training  [  14,   15  ]  (Chaps.   8     and   10    ). 

 Healthcare simulation can be used to enhance the broad 
range of skills that encompass medical competence, which 
in turn can have an impact on patient safety. Aggarwal et al. 
suggested the CanMEDs Framework of medical compe-
tence from the Royal College of Physicians and Surgeons 
of Canada  [  16  ]  as a “viable and tested classi fi cation of 
competency that traverses medical specialties, because it is 
comprehensive and has been the forerunner of later frame-
works”  [  17  ] . The CanMED Framework highlights seven 
key competencies physicians required to provide high-
quality care: medical expert, communicator, collaborator, 
manager, health advocate, scholar, and professional 
(Fig.  9.1 )  [  16  ] .  

 Through this chapter we    will discuss, in turn, the use of 
healthcare simulation to improve patient safety through each 
of the above key competencies that are paramount in devel-
oping a healthcare professional capable of providing quality 
patient care.  

   The Medical Expert 

 The idea of the  medical expert  is an umbrella term that can be 
used to describe a competency that incorporates all aspects of 
the CanMEDS roles by applying medical knowledge, clinical 
skills, and professional attitudes to provide  patient-centered 
care  [  16  ] . In addition, healthcare    practitioners, as  medical 
experts , must establish and maintain core clinical knowledge, 
possess sound diagnostic reasoning and clinical judgment, 
and acquire procedural skill pro fi ciency  [  16  ] . 

 As mentioned previously, a variety of simulation-based 
training techniques have been used in healthcare education. 
These techniques provide learners with a risk-free environ-
ment to allow deliberate practice, where mistakes can be 
made and learned from without compromising patient safety. 
The use of surgical simulators by trainees has been shown to 
allow surgeons to improve psychomotor skills such as speed, 
error, and economy of movement as well as procedural 
knowledge ,  which contribute to improved performance and 
con fi dence in the operating theater  [  12  ] . However, simula-
tion-based training comes in a range of varieties.  

   Box Trainers and Simple Mannequin Simulators 

 Low- fi delity, inexpensive simulators of procedural skills exist, 
such as laparoscopic surgery box trainers and  mannequins 
to simulate venipuncture, intravenous cannulation, central 
venous catheterization, and airway intubation, where learners 
can develop, practice, and re fi ne skills using real instruments 
on simulated models. Barsuk et al. reported that residents who 
underwent training using the Simulan’s CentralLineMan cen-
tral venous catheter (CVC) insertion simulation model dis-
played decreased complications in the form of fewer needle 
passes, arterial punctures, and catheter adjustments and had 
higher success rates during CVC insertion in actual patients 
compared to residents who trained using traditional methods 
 [  18  ] . In addition, Draycott et al. retrospectively compared 
the management of shoulder dystocia and the associated 
neonatal injury before and after introduction of a simulation-
based training course using the prototype shoulder dystocia 
training mannequin (PROMPT Birthing Trainer, Limbs and 
Things Ltd, Bristol, United Kingdom)  [  19  ] . The results of 
the study concluded that, after training, there was improve-
ment in management of shoulder dystocia and a reduction 
in neonatal injury  [  19  ] . In 2004, the Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES) devel-
oped the Fundamentals of Laparoscopic Surgery (FLS) 
program  [  20  ] . FLS comprised of a box trainer in which 
laparoscopic skills can be practiced by performing various 
abstract tasks and has been previously validated numerously 
in literature  [  21,   22  ] . Subsequently, following endorsement 
by the American College of Surgeons, the FLS simulator 
training program has been adopted by the American Board of 
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  Fig. 9.1    CanMEDs Framework of medical competence from the Royal 
College of Physicians and Surgeons of Canada highlighting seven key 
competencies for physicians—medical expert, communicator, collabo-
rator, manager, health advocate, scholar, and professional (Adapted 
from Ref.  [  16  ] )       
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Surgery as a requirement for completion of general surgical 
training  [  22  ] . Sroka and colleagues conducted a randomized 
controlled trial to assess if training to pro fi ciency with the 
FLS simulator would result in improved operating room per-
formance  [  23  ] . It was reported that, after pro fi ciency training on the 
FLS simulator, surgical residents’ performance scores during 
laparoscopic cholecystectomy were higher than the control 
group  [  23  ] . Furthermore, completion of a pro fi ciency-based 
FLS simulator training curriculum and subsequent interval 
training on the FLS simulator was found to be associated with 
a very high level of skill retention after 2 years  [  24  ] .  

   Cadaveric and Animal Tissue Simulators 

 Human cadaveric and animal tissue has also been used in 
healthcare simulation training of procedural tasks. In addi-
tion to anatomical dissection of human cadavers for medical 
students and surgical trainees, human cadavers have been 
used to practice many procedures including laparoscopy and 
saphenous vein cutdown  [  25,   26  ] . Animal models involve the 
use of either live anesthetized animals or  ex vivo  animal tis-
sues. Such models have been incorporated in many surgical 
skills courses, for example, the Intercollegiate Basic Surgical 
Skills course by the Royal College of Surgeons England. 
Despite a lack of incorporation into discrete pro fi ciency-
based training curricula, various studies have used animal 
models for medical training and assessment of transferability 
of skills developed from simulation-based training  [  27–  29  ] .  

   Virtual Reality and Computer-Based 
Simulation 

 Virtual reality (VR) simulation has been extensively studied for 
its ability to provide a safe, high- fi delity, and risk-free environ-
ment for healthcare training and assessment  [  12  ] . The validity 
of VR simulation in surgery has been, hitherto, widely demon-
strated  [  12  ] . Unlike the subjective traditional methods of tech-
nical skill assessment, VR simulators provide a valid, objective, 
and unbiased assessment of trainees, using parameters that can-
not easily be measured within the operating theater  [  30,   31  ] . 
Much research has focused upon optimizing the delivery of 
these bene fi ts with development of repetition and time-based 
curricula  [  32,   33  ] . However, the rate at which a trainee learns 
may vary, and, as such, these models result in surgeons with 
varying levels of skill at the end of training period. Thus, 
pro fi ciency-based training, in which expert benchmark levels 
are used as performance targets, has been suggested as best 
able to increase surgical performance to a standardized level of 
competency  [  12  ] . Such training curricula have been developed 
that allow a strategic methodology for training inexperienced 
surgeons resulting in a shortened learning curve and attainment 
of benchmarked expert levels of dexterity  [  34–  36  ] . 

 Over the past decade, numerous studies have illustrated 
the bene fi ts of VR simulation on patient safety. Seymour 
et al. conducted one of the principal studies to show that VR 
training improves operating performance  [  37  ] . In this ran-
domized controlled trial, 16 surgical residents were random-
ized to either VR training or no VR training  [  37  ] . The 
VR-trained group completed training on the MIST-VR lap-
aroscopic surgical simulator until expert criterion levels were 
attained. Following this, both groups performed a laparo-
scopic cholecystectomy, which was reviewed and rated by 
two independent blinded raters  [  37  ] . It was reported that the 
VR-trained group was faster at gallbladder dissection and six 
times less likely to make errors, and the non-VR-trained 
group were  fi ve times more likely to injure the gallbladder or 
burn non-target tissues during their  fi rst laparoscopic chole-
cystectomy  [  37  ] . Moreover, two studies reported that VR 
laparoscopic surgical training to pro fi ciency resulted in 
signi fi cantly better performance when performing basic lap-
aroscopic skills and laparoscopic cholecystectomies in the 
animate operating environment  [  29–  38  ] . A recent study by 
Ahlberg et al. investigated the effect of pro fi ciency-based 
VR laparoscopic training on outcomes during the early part 
of the learning curve in the clinical environment  [  39  ] . The 
study showed that VR training to pro fi ciency resulted in 
signi fi cantly fewer errors and a reduction in surgical time in 
comparison to the control group during the residents’  fi rst 
ten laparoscopic cholecystectomies on actual patients  [  39  ] . 
This notable  fi nding illustrated that the hazardous early part 
of the learning curve can be shortened and  fl atter after VR 
training, thus substantiating the role VR simulation in 
enhancing patient safety  [  39  ] . Most notably, a Cochrane 
review of the effectiveness of VR training in laparoscopic 
surgery, based on 23 trials involving 622 participants, 
con fi rmed that VR training decreased time taken, increased 
accuracy, and decreased errors in laparoscopic surgery  [  40  ] . 

 The bene fi ts of VR simulation training extend beyond the 
laparoscopic surgical domain. A pilot study by Sedlack and 
collaborators showed that computer-based colonoscopy sim-
ulation training resulted in a shortened learning curve during 
the initial 30 patient-based colonoscopies conducted by gas-
troenterology fellows  [  41  ] . Simulator-trained fellows were 
found to be safer, require less senior assistance, able to de fi ne 
endoscopic landmarks better, and reach the cecum indepen-
dently on more instances than traditionally trained fellows 
during the initial part of the learning curve  [  41  ] . A further 
study by Sedlack et al. illustrated that computer-based endos-
copy simulator training had a direct bene fi t to patients by 
improving patient comfort  [  42  ] . Additionally, a recent multi-
center, blinded randomized controlled trial provided further 
evidence for the use of VR endoscopy simulation in reducing 
the learning curve and improving patient safety  [  43  ] . In this 
study, additional VR colonoscopy simulation-based training 
resulted in signi fi cantly higher objective competency rates 
during  fi rst year gastroenterology fellows’  fi rst 100 real 
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colonoscopies  [  43  ] . Moreover, as little as 1 h of prior training 
with a VR bronchoscopy simulator was found to improve the 
performance of inexperienced residents during basic bron-
choscopy on patients compared to peers without similar 
training and produce a skill level similar to that of more 
experienced residents  [  44  ] .  

   Patient Scenario Simulation 

 The advent of patient scenario simulation initially utilized a 
programmed patient paradigm, in which, most commonly, a 
lay individual would be taught to simulate a medical condi-
tion  [  11  ] . Harden and Gleeson, in developing the Objective 
Structured Clinical Examination (OSCE), incorporated this 
structure into a series of clinical stations comprised of actors 
performing as simulated patients  [  11  ] . Students would rotate 
through these stations in which aptitude in clinical skills 
such as history taking, clinical examination, procedural 
skills, and management plans were tested using a standard-
ized objective scoring system  [  11  ] . Since its conception, the 
OSCE has been used by educational institutions as a valid 
and reliable method of assessment  [  17  ] . 

 A further application of patient scenario simulation that has 
been investigated is within critical care and, particularly, within 
training responses to emergency scenarios. Needless to say, it is 
imperative that healthcare professionals are highly skilled and 
experienced to deal with these high-risk clinical situations that 
carry great morbidity and mortality. However, such situations 
occur with relatively low frequency to gain suf fi cient experi-
ence, and, often, junior members of the medical team, who lack 
such experience, are the  fi rst responders  [  45  ] . Therefore, simu-
lation-based training is an attractive technique for medical pro-
fessionals to practice management of these scenarios outside of 
the clinical environment. One such technique used in emer-
gency situation training is the computer-controlled patient 
simulator, SimMan (Laerdal Medical Corporation, Wappingers 
Falls, NY). Mayo et al. utilized patient-based simulation train-
ing to investigate interns’ competence in emergency airway 
management. In this randomized controlled trial, participants 
were given training on the management of respiratory arrest 
using the SimMan computer-controlled patient simulator. Such 
training resulted in signi fi cant improvement in airway manage-
ment skills in actual patient airway events  [  45  ] . Furthermore, 
simulation training using a human patient simulator resulted in 
improved quality of care provided by residents during actual 
cardiac arrest team responses  [  46  ] . This study illustrated that 
simulator-trained residents responded to actual cardiac arrest 
events with great adherence to treatment protocols than non-
simulator-trained more experienced residents  [  46  ] . Importantly, 
the durability of the Advanced Cardiac Life Support skills 
acquired through simulation training was demonstrated by 
Wayne et al., which reported retention of skills at 6 and 
14 months post-training  [  47  ] . 

 The recognition of the ability of simulation to be used as 
a potent tool in healthcare education has resulted in its incor-
poration into various healthcare educational courses. For 
example, patient simulation has been integrated in many 
of fi cial acute medical event management courses, such as the 
worldwide Advanced Trauma Life Support (ATLS) course 
and the Detecting Deterioration, Evaluation, Treatment, 
Escalation and Communicating in Teams (DETECT) course 
in Australia  [  48  ] .  

   The Communicator 

 Communication, written or verbal, is a key attribute that all 
healthcare professionals must excel at in order to optimize 
safe, holistic patient care. Not only must communication be 
effective between healthcare professionals and patients, but 
also to other healthcare professionals as well as the public as 
a whole. It is a vital skill that is imperative in every element 
of clinical practice, especially challenging scenarios such as 
breaking bad news. The CanMEDs 2005 Framework sug-
gested that, as  communicators , physicians must effectively 
facilitate the doctor-patient relationships enabling “patient-
centered therapeutic communication through shared deci-
sion-making and effective dynamic interactions with patients, 
families, caregivers, other professionals, and other important 
individuals”  [  16  ] . A competent  communicator  must establish 
rapport and trust as well as elicit and convey relevant and 
accurate information from patients, families, and other 
healthcare professionals in order to develop a common 
understanding with a shared plan of care  [  16  ] . 

 An astonishing statistic provided by the Joint Commission 
on Accreditation of Health Care Organizations demonstrated 
that poor communication was causative in two-thirds of 
almost 3,000 serious medical errors  [  49  ] . Compounding this, 
during a review of 444 surgical malpractice claims, 60 cases 
were identi fi ed as involving communication breakdowns 
directly resulting in harm to patients  [  50  ] . Of these cases of 
communicative errors, the majority involved verbal commu-
nications between one transmitter and one receiver, and the 
most common communication breakdown involved residents 
failing to notify attending surgeons of critical events and fail-
ure of attending-to-attending handovers  [  50  ] . This of course 
is wholly unacceptable. 

 Several studies have attempted to investigate methods to 
improve communication within healthcare practice, includ-
ing the use of simulation. Correct and thorough communica-
tion of patient information during staff shift handover is vital 
in providing high-quality continued care over the increas-
ingly shift-work-based culture in healthcare. Berkenstadt 
et al. recognized a de fi ciency existed within this domain and 
illustrated that a simulation-based teamwork and communi-
cation workshop increased the incidence of nurses commu-
nicating crucial information during shift handovers  [  51  ] . 
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 Moreover, studies have investigated the incorporation of 
training and assessment of communication skills alongside 
technical skill acquisition. Kneebone and colleagues devel-
oped the Integrated Procedure Performance Instrument 
(IPPI), which combines technical skills training using inani-
mate models, with communication challenges in a variety of 
clinical contexts using standardized simulated patients  [  52  ] . 
Each clinical scenario consists of a bench-top model of a 
procedural skill, such as wound closure, urinary cauteriza-
tion, endoscopy, or laparoscopic surgery, and a fully briefed 
standardized patient  [  52  ] . Through such practice, skills to 
deal with dif fi cult situations such as an anxious, confused, or 
angry patient can be rehearsed and developed in a safe envi-
ronment with immediate objective feedback  [  52  ] . An exten-
sion on this innovative research in 2009 demonstrated that 
the IPPI format resulted in signi fi cantly improved communi-
cation skills in residents and medical students  [  53  ] .  

   The Collaborator 

 The CanMEDs 2005 Framework highlights that, in order to 
deliver optimal patient-centered care, physicians must work 
effectively within a healthcare team  [  16  ] . Such profes sionals 
should be competent in participating in an inter professional 
healthcare team by recognizing roles and responsibilities of 
other professionals in relation to their own and demonstrate 
a respectful attitude towards others in order to ensure where 
appropriate, multi-professional assessment and manage-
ment is achieved without con fl ict  [  16  ] . A recent review 
highlighted the close association between teamwork and 
patient outcomes in terms of satisfaction, risk-adjusted mor-
tality, complications, and adverse events  [  54  ] . As such, 
techniques to develop and improve teamwork have been 
investigated. 

 Other high-risk organizations, such as the airline industry, 
have demonstrated the use of simulation to improve team-
work skills through Crisis Resource Management, and these 
techniques have been explored in enhancing patient safety 
(discussed in the previous chapter). Salas et al. conducted a 
quantitative and qualitative review of team training in health-
care  [  55  ] . They described the “power of simulation” as an 
effective training tool that creates an environment in which 
trainees can implement and practice the same mental pro-
cesses and teamwork skills they would utilize in their actual 
clinical practice  [  55  ] . This review included simulation-based 
training as an integral aspect of their “eight evidence-based 
principles for effective planning, implementation and evalu-
ation of team training programs speci fi c to healthcare” 
(Fig.  9.2 )  [  55  ] . In addition, simulation has been demonstrated 
as a key aspect of an education package within a framework 
for team training in medical education  [  56  ] .  

 Through the collaboration between the Agency for 
Healthcare Research and Quality and the US Departments of 

Defense, the TeamSTEPPS TM  curriculum was developed. The 
TeamSTEPPS TM  initiative is an evidence-based simulation-
based teamwork training system designed to improve patient 
safety by improving communication and other teamwork skills 
 [  57  ] . The underlying principles of TeamSTEPPS TM  comprises 
of four core competencies that encompass teamwork: leader-
ship, situation monitoring, mutual support, and communication 
(Fig.  9.3 ). Emphasis is placed on de fi ning tools and strategies 
that can be used to gain and enhance pro fi ciency in these 
competencies  [  58  ] . Incorporated within the core curriculum 
are sessions using patient scenarios, case studies, multimedia, 
and simulation  [  58  ] . Hitherto the TeamSTEPPS TM  program 
has been implemented in multiple regional training centers 

Identify critical teamwork competencies – Use these as a focus 
for training content

Emphasise teamwork over task work, Design for teamwork to 
improve team processes

One size does not fit all – Let the team-based learning outcomes 
desired and organisational resources guide the process

The power of simulation – Ensure training relevance to transfer
environment

Task exposure is not enough – Provide guided, hands-on practice

Feedback matters – It must be descriptive, timely, and relevant

Go beyond reaction data – Evaluate clinical outcomes, learning 
and behaviours on the job

Reinforce desired teamwork behaviours – Sustain through 
coaching and performance evaluation

  Fig. 9.2    Eight principles of team training required for production and 
implementation of an effective team training program as described by 
Salas et al.  [  55  ]        

Communication

Leadership Situation monitoring

Mutual support

Core
TeamSTEPPSTM

competencies

  Fig. 9.3    Core TeamSTEPPSTM competencies       
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around the USA as well as in Australia  [  59  ] . A recent multi-
level evaluation of teamwork training using TeamSTEPPS TM  
by Weaver and colleagues demonstrated that such simulation-
based training signi fi cantly increases the degree to which qual-
ity teamwork occurred in the operating room  [  60  ] . Trainees 
also reported increased perceptions of patient safety culture 
and teamwork attitudes  [  60  ] .   

   The Manager 

 An important contributor to optimizing patient safety is by 
developing a safe, effective healthcare system. Healthcare 
professionals must play a central role in healthcare organiza-
tions and allocate scarce resources appropriately, as well as 
organize sustainable practices, in order to improve the effec-
tiveness of healthcare  [  16  ] . This type of leadership is a key 
factor in promoting a safety culture, and it has been sug-
gested that, unlike the nursing profession, physicians are yet 
to develop and utilize skills required for such leadership 
challenges  [  61  ] . 

 As described above, there is evidence to show the positive 
results of simulation-based training on communication and 
teamwork of healthcare professionals. However, its use to 
train management skills has not been illustrated in literature 
thus far. Despite this, simulation-based training could have 
many implications in the training of challenging managerial 
situations. For example, healthcare professionals may be able 
to practice scenarios where one must apologize to a patient for 
a serious mistake or manage a situation where a colleague has 
behaved unprofessionally or unethically. By performing these 
dif fi cult and uncommon situations in a simulated environment, 
managerial techniques can be learned, developed, and prac-
ticed. Furthermore, simulation-based training has been sug-
gested as a viable method of training error reporting, disaster 
response, and assessment of hospital surge capacity  [  62  ] .  

   The Health Advocate 

 As health advocates, clinical practitioners have a responsibil-
ity to use their expertise and in fl uence to enhance the health 
of patients, communities, and the population as a whole  [  16  ] . 
Consequently, such advocates highlight inequities, poten-
tially dangerous practices, and health conditions and have 
attempted to develop strategies to bene fi t the patient. 
Examples of the use of simulation in improving health advo-
cacy are scarce. However, simulation-based training has been 
incorporated into an advocacy training program at Johns 
Hopkins’ Bloomberg School of Public Health in the USA 
 [  63  ] . This program, aimed at graduate students, is designed 
to develop media advocacy and communication through a 
multitude of didactic lectures, expert presentations, and 

 practical skills training using a 90-min simulation group 
exercise  [  63  ] . During this exercise, students are divided into 
groups representing different constituencies, ranging from 
government to nonpro fi t organizations, concerned with a 
local public health issue  [  62  ] . Each group is given time to 
develop a policy position regarding the issues and advocacy 
strategies to advance its proposed policy improvement  [  63  ] . 
Following this, each participant is placed in a simulated tele-
vision interview, where challenging questions are asked to 
help students learn to effectively communicate with advanc-
ing a health-policy position  [  63  ] .  

   The Scholar 

 Continual lifelong learning is vital to optimize performance 
of all healthcare professionals. One must be able to use ongo-
ing learning to maintain and enhance professional activities 
by re fl ecting on current practice and critically evaluating lit-
erature, in order to make up-to-date evidence-based deci-
sions and make their practice safer  [  16  ] . Furthermore, 
healthcare professionals must facilitate the learning of stu-
dents, patients, and the wider public as well as be able to 
contribute to the creation, dissemination, application, and 
translation of new medical knowledge and practices  [  16  ] . 

 Many simulation techniques allow healthcare individuals 
the opportunity to effectively train delivery of existing knowl-
edge as well as practice the application of new knowledge 
until pro fi ciency is attained. As an example, during the 1990s, 
the rapid uptake of laparoscopic surgery was retrospectively 
described as the “biggest unaudited free for all in the history 
of surgery” as a result of the unnecessary morbidity and mor-
tality that followed  [  64  ] . With the introduction of new tech-
nologies, such as robotics or endoluminal surgery, simulation 
has a unique potential to be used to ensure the learning curve 
of these techniques does not negatively impact patient safety. 

 Extending beyond this, an innate aspect of simulation 
training is re fl ective practice. Trainees are actively debriefed 
and given an opportunity to review and critically appraise 
performance  [  65  ] . Moreover, the inherent purpose of simula-
tion is for edi fi cation and training and, as such, should be 
embraced by all healthcare professionals, as  scholars .  

   The Professional 

 Despite the observation that teaching and assessing profes-
sionalism is a vital aspect of being a healthcare practitioner 
with regard to patient safety, unprofessional behaviors are 
continually reported. As a healthcare  professional , one should 
demonstrate a commitment to the health of society and patient 
safety through ethical practice, integrity, compassion, profes-
sion-led regulation, and maintenance of competence  [  16  ] . 
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 Simulation-based training can have an important role in 
training professionalism. Ginsburg and colleagues conducted 
a qualitative study utilizing realistic and standardized profes-
sional dilemmas in order to aid students’ professional devel-
opment  [  66  ] . By using  fi ve videotaped reenacted actual 
scenarios, each depicting a professional dilemma requiring 
action in response, the reasoning processes of students in 
response to such circumstances were observed  [  66  ] . The simu-
lated professional dilemmas exhibited a variety of typical pro-
fessionalism issues such as role resistance, communicative 
violations, accountability, and objecti fi cation  [  66  ] . It was 
shown that the students’ actions were often motivated by refer-
ring to principles, such as honesty, disclosure, and fairness to 
patient/patient care, as well as obedience or deference to senior 
 fi gures or loyalty to their team  [  66  ] . The study inferred that by 
using these realistic simulated scenarios of real encounters, it 
was possible to observe more representative behavioral 
responses than what would be observed in an examination set-
ting, where students know to “put the patient  fi rst”  [  66  ] . 

 Hochberg and colleagues at the New York University 
Medical Center not only displayed that professionalism can be 
taught through simulation-incorporated methods, but its effects 
are sustainable in the long term  [  67,   68  ] . They tackled the obvi-
ous dif fi culties with teaching professionalism by developing a 
specially designed Surgical Professionalism in Clinical 
Education (SPICE) curriculum consisting of seven 1-h interac-
tive sessions where issues of professionalism such as account-
ability, ethical issues, admitting medical errors, responding to 
emotion, and interdisciplinary respect were taught using a vari-
ety of pedagogic methods (e.g., lectures, video reenactments, 
role modeling) (Table  9.1 )  [  67  ] . Surgical residents underwent a 
six-station OSCE before and after attending the curriculum. 
This OSCE utilized standardized patients recreating various 
professionalism scenarios, such as dealing with a colleague 
showing signs of substance abuse  [  67  ] . Surgical residents were 
scored according to a strict task checklist of criteria and showed 
a signi fi cant improvement in competency of professionalism 
after completion of the curriculum  [  67  ] . Subsequently, this pro-
fessionalism curriculum was incorporated into surgical resident 
training at the New York University Medical Center (Fig.  9.4 ) 
 [  68  ] . Annual evaluation of professionalism skills was con-
ducted subjectively via self-assessments of the residents’ pro-

fessionalism abilities as well as objectively using the same 
six-station OCSE as previously discussed  [  68  ] . In the 3 years 
post-implementation, aggregate perceived professionalism 
among surgical residents illustrated a signi fi cant positive trend 
over time with a year-on-year rise  [  68  ] . Improvements were 
observed in all six domains of professionalism: accountability, 
ethics, altruism, excellence, patient sensitivity, and respect  [  68  ] . 
Furthermore, surgical residents displayed a marked improve-
ment in professionalism as rated by the standardized patients 
during the annual OSCE  [  68  ] .   

 Another challenge in effectively teaching professionalism 
is the methodology of assessment. Variable rating in evalua-
tion of professionalism by standardized patients, doctors, and 
lay people has led to the suggestion that multiple assessments 
by multiple raters at different time intervals are required  [  69  ] .  

   Conclusion 

 Through this chapter we have investigated the effect of 
simulation on various aspects of healthcare practitioner 
competence (Fig.  9.4 ). Strong evidence exists for the use of 
simulation to teach clinical and procedural skills to develop 
the  medical expert  as well as teach and assess communica-
tion ( communicator ) and teamwork ( collaborator ) skills. 
Despite this, the routine use of simulation by healthcare 
professionals to teach these key competencies is few and 
far between. Simulation has the potential to be used to 
develop and enhance practitioners as  managers  through the 
training of management and leadership skills pertinent to 
patient safety, although further research is required to 
increase the evidence base. Similarly, the evidence base 
that simulation enhances healthcare practitioners as  health 
advocates  and  scholars  remains low, but its use to promote 
re fl ective practice provides an important aid to learning. 
Finally, there is de fi nite evidence to support the application 
of simulation training practitioners as  professionals  with 
the advent of curricula incorporating simulated scenarios, 
ideal for training professionalism. However, further research 
is required on the best method of assessment of 
professionalism. 

 Patient safety is the paramount outcome of importance in 
the complex process of healthcare delivery. Not only must 
care be at all times safe, it also must be time ef fi cient and 
effective in order to be optimal. Several organizations such 
as hospital departments, national bodies, and international 
peer-reviewed conferences and journals, in response to the 
growing awareness and pressures from the public regarding 
medical errors, have attempted to champion the drive for 
development and implementation of greater measures to 
reduce errors. Through identi fi cation, assessment, enhance-
ment of practice, and prevention of medical errors, a safer 
healthcare system can be constructed. 

   Table 9.1    Seven interactive seminars used in the professionalism 
 curriculum developed by Hochberg   

 Medical malpractice and the surgeon 
 Advanced communication skills for surgical practice 
 Admitting mistakes: ethical and communication issues 
 Delivering bad news—your chance to become a master surgeon 
 Interdisciplinary respect—working as a team 
 Working across language and cultures: the case for informed consent 
 Self-care and the stress of surgical practice 

  Adapted from Ref.  [  68  ]   
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 Healthcare simulation has long been touted as a potential 
aid to improving patient safety and reducing errors. Since its 
introduction into healthcare four decades ago with the devel-
opment of bench-top models and anesthetic scenarios, the 
advancements in simulation technology and research have 
been exponential, with its bene fi ts repeatedly demonstrated. 
Despite this, the relative uptake of simulation-based training 
in healthcare has been disproportionately low. The manda-
tory FLS training curriculum has been implemented within 
the USA, where every surgery resident nationally must dem-
onstrate pro fi ciency in FLS  [  70  ] . A further example of an 
attempt to implement healthcare simulation can be demon-
strated at the Israel Center for Medical Simulation  [  71  ] . 
Since its establishment in 2001, this national effort has 
endeavored to enhance patient safety and promote a culture 
change in healthcare education within the Israeli medical 

system. The center contains a vast array of simulation tools 
ranging from basic mannequin simulators to high- fi delity 
virtual reality laparoscopic simulators and full-body comput-
erized anesthesia models. These can exist in a multitude of 
simulated clinical environments, such as virtual intensive 
care units, emergency rooms, wards, and operating theaters 
with integrated audiovisual capabilities and one-way mirror 
control booths for observation and assessment of simulated 
scenarios. The popularity of this impressive setup with 
healthcare professionals illustrates its positive impact of 
patient safety culture  [  71  ] . 

 Notwithstanding these exceptions, the dif fi culties in adop-
tion of simulation-based training stems from a lack of litera-
ture pertaining to the effect of simulation on real patient 
outcomes. Obtaining such data carries obvious dif fi culties; 
however, the bene fi t of simulation on some patient-based 

Competency

Medical expert

Communicator

Collaborator

Manager

Health advocate

Scholar

Professionalism

Evidence base

Extensive evidence exists illustrating the benefit of simulation to
improve clinical and procedural skills with demonstration of
transferabillity to the real clinical environment.

Strong evidence exists for use of simulation to teach and assess
communication skills through the development of OSCEs and IPPL
These have been incorporated into many undergraduate and post-
graduate examinations.

Initiatives such as the TeamSTEPPs and incorporation of simulation-
based teamwork training into courses such as the ATLS course
suggest there is strong evidence for the use of simulation in
teamwork training.

There are potential benefits in simulation training to improve
managerial and leadership skills e.g. error reporting, disaster response.
Despite this, evidence of its use is lacking.

Advocacy training program has been implemented at Johns Hopkins’
Bloomberg School of Public Health in the USA. As such, simulation
has the potential to be used to train patient safety advocates. However,
further strategies must be developed.

The evidence base for the use of simulation to develop the medical
Scholar is poor. However, simulation training promotes reflective
practice.

The development and successful implementation of a curriculum
including simulation to train professionalism highlights the potential
use of simulation in this domain. More research and development of
methods of assessing professionalism is required.

  Fig. 9.4    Summary of evidence 
base for use of simulation in 
each CanMEDs-de fi ned 
competency       
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outcomes has been investigated, for example, central line 
infections and stillbirths  [  17  ] . Within the UK, the develop-
ment and collection of patient-reported outcome measures 
(PROMs) of health-related quality of life after surgery pro-
vides a possible direction of future studies to infer the bene fi t 
of simulation on patient outcomes. 

 Unfortunately, despite the obvious bene fi ts of simulation 
and the need to drive for its further adoption within health-
care, it cannot and should not be viewed upon as a silver 
bullet to answer all patient safety challenges in the current 
healthcare climate. It is true that simulation can reduce errors 
by stemming the early part of the learning curve and instill-
ing a safety culture, but ultimately a system-based approach 
to promote safe practices and reduce patient harm must also 
be utilized. With all the bene fi ts of simulation, it is more 
likely to augment rather than replace extensive real world 
clinical experience and deliberate practice in the quest to 
develop expertise, the next challenge to overcome within 
healthcare education. 

 In addition, not only should simulation training programs 
be optimized for learners, trainers must also be appropriately 
trained by developing dedicated expert clinical facilitators and 
support staff to ensure teaching is maximal. Similarly, simula-
tion training must be developed to incorporate clinicians of all 
experience levels, and future research must investigate the use 
of simulation as tool for credentialing, revalidating, and iden-
tifying underperforming healthcare professionals. 

 There is no doubt that implementation of simulation-based 
training must gather momentum, where skills can be practiced 
repeatedly and deliberately in a safe, risk-free environment, 
and mistakes can be made and learned from. This, in addition 
to key measures such as guided instruction and judicious 
“expert” supervision in the real world and further development 
of a system-based safety culture, will ensure that the chal-
lenges of patient safety are overcome.      
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      Introduction 

 Are American health-care providers really responsible for 
98,000 deaths per year, as described in the Institute of Medicine 
(IOM) landmark report “To Err is Human”  [  1  ] ? If so, can 

simulation play a roll, as a new (and transformational) tool, to 
improve the quality of health care, both in the USA and glob-
ally? Throughout this book, there are examples of ways simu-
lation is used to improve a range of technical, psychomotor, 
cognitive, and decision-making medical skills, including error 
prevention and error recovery. Methods and examples of 
improving crisis resource management (team leadership and 
team support), safety behaviors, procedural training, and dem-
onstration of pro fi ciency are also described. As such, simula-
tion is a potent tool in several domains including education, 
assessment, and research, offering opportunities at the opera-
tional level of most institutions. The fourth domain of simula-
tion application, “systems integration,” is conceptually at a 
higher plane that is proactively orchestrated and organization-
ally planned in order to create lasting institutional impact. 

 Simulation applications within the systems integration 
construct promote the optimized function of a “complex adap-
tive system”  [  2  ] . This idealized function can only be sustain-
able within an organization if positive changes are thoughtfully 
engineered. Health-care leaders have called for the building 
of a better health-care delivery system that requires “a new 
engineering and health-care partnership”  [  3  ] . The goals of 
such a system are intrinsically patient centric where the trans-
formed system, according to IOM, is described as safe, effec-
tive, timely, ef fi cient, and equitable (Table  10.1 )  [  4  ] .  

 Simulation will not be the panacea for all de fi ciencies of 
health systems. However it can be a viable tool for organiza-
tional leadership to solve identi fi ed safety, effectiveness, 
ef fi ciency, and equity problems toward patient-centric opti-
mized care. Simulation is but one of many tools (e.g., infor-
matics technologies, root cause analyses, risk management, 
community services, biomonitoring) available to improve 
patient care experiences and outcomes. Identifying how sim-
ulation adds value to the reformation of health care is an 
important task for health-care leaders in partnership with 
simulation professionals. 
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 Facilitating value-driven health care at the bedside, health-
care organizations utilizing simulation may serve the “com-
mon good” by providing education, assessment, quality, 
safety, and research. Figure  10.1  highlights the relationship 
between each component of an organization. From a sys-
tems standpoint,  delivering  competent, professional patient 
care is central and the immediate need. The mission of an 
 organization therefore addresses how these system compo-
nents achieve and highlight the centrality of the safety-focused 
patient experience. It is the seamless relationship of educa-
tion (training), assessment, research, and care infrastructures 

that serves patient needs optimally, within an interdisciplin-
ary framework. Organizations do not function independently 
however and also have relationships and oversight from 
external entities including the government, industry, media, 
accreditation bodies, and other agencies (Fig.  10.2 ).   

 Although systems differ, we agree with the IOM that 
patient centricity must be central to any health-care delivery 
model. We further assert that simulation affords a needed and 
transformative set of system improvement tools and opportu-
nities for certain reengineering needs that is unavailable (or 
suboptimal) via other means; this facilitates integration of 
process components within our (consistently complex) orga-
nizations (i.e., systems). In this chapter, we address the cur-
rent and potential roll of simulation in improving the quality 
and safety of patient care delivered at the bedside by discuss-
ing simulation’s impact at the complex macro-institutional 
level in a “top-down” rather than a “bottom-up” manner.  

   Systems Integration from the Perspective 
of a Simulation Program 

 Systems integration is de fi ned by the Society for Simulation 
in Healthcare (SSH) as “those simulation programs which 
demonstrate consistent, planned, collaborative, integrated 
and iterative application of simulation-based assessment and 
teaching activities with systems engineering and risk- 
management principles to achieve excellent bedside clinical 
care, enhanced patient safety, and improved metrics across 
the healthcare system”  [  5  ] . 

 Systems integration is a new concept to health care and there-
fore requires a new and thoughtful approach to meeting these 

   Table 10.1    Six quality aims for the twenty- fi rst-century health-care 
system  [  3  ]    

 The committee proposes six aims for improvement to address key 
dimensions in which today’s health care system functions at far 
lower levels than it can and should. Healthcare should be: 
 1.  Safe—avoiding injuries to patients from the care that is intended 

to help them. 
 2.  Effective—providing services based on scienti fi c knowledge to all 

who could bene fi t and refraining from providing services to those 
not likely to bene fi t (avoiding underuse and overuse, respectively). 

 3.  Patient-centered—providing care that is respectful of and 
responsive to individual patient preferences, needs, and values and 
ensuring that patient values guide all clinical decisions. 

 4.  Timely—reducing waits and sometimes harmful delays for both 
those who receive and those who give care. 

 5.  Ef fi cient—avoiding waste, including waste of equipment, 
supplies, ideas, and energy. 

 6.  Equitable—providing care that does not vary in quality because of 
personal characteristics such as gender, ethnicity, geographic 
location, and socioeconomic status. 

  Reprinted with permission from Ref.  [  3  ]   

  Fig. 10.1    Integration of simulation into organizational complexity       

  Fig. 10.2    Integration of simulation into organizational complexity 
(internal and external)       
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standards. Adopting solutions from other disciplines and indus-
tries may offer an innovative “toolkit” that is applicable to the 
(IOM-driven) transformations essential for health care today. 

 Systems engineering tools have been used in a wide vari-
ety of applications to achieve major improvements in the 
quality, ef fi ciency, safety, and/or customer centeredness of 
processes, products, and services in a wide range of manu-
facturing and services industries  [  3  ] . The addition of medical 
simulation to this evidence-based toolkit is not only compli-
mentary but can enhance the associated transformative 
effects. Simulation techniques offer opportunities to enhance 
the accountability of health-care-providers’ skills acquisition 
through formative and summative training, which offer con-
sistency, objectivity, and demonstrated pro fi ciency in the 
management of clinically realistic and relevant problems.  

   Health Care as a Complex Adaptive System 

 Contemporary clinical medicine not only includes the obvi-
ous provider-patient interaction but also includes many com-
plex “system” dimensions in the patient care setting. These 
include health-care provider performance characteristics; 
organizational factors including physician, nursing, allied 
health staff availability, environmental considerations, patient, 
and family member preferences; and the interactions between 
these components of the complex system  [  6  ] . Within organi-
zations, each component is interconnected and interdepen-
dent with other system components. The impact of interactions 
between system components is dif fi cult to predict since they 
are often remote in time and space. Inadequacy in such sys-
tem components can negatively affect care delivery. System-
related components (patient  fl ow, work environment, 
information systems, human factors) contribute to delays and 
errors in care. The World Health Organization (WHO) has 
suggested that the (1) lack of communication, (2) inadequate 
coordination, and (3) presence of latent organization failures 
are important priorities for improving patient safety in devel-
oped and developing countries alike  [  7  ] . 

 Outside the conceptual “walls” of an organization, com-
plexity remains. Health care is often not delivered within a 
single “island-like” independent facility. Often, care delivery 
occurs within a large enterprise or system of systems of 
health-care delivery. Care across such system components is 
rarely seamless. Beyond the (larger) enterprise walls exist 
environmental forces (see Fig.  10.2 ) including external 
 regulatory agencies, the press, public perception and other 
market forces, malpractice, and medicolegal concerns. 

 Health-care delivery systems continue to increase in com-
plexity because of many factors including improvements in 
technology, advanced diagnostic technology, complex disease 
processes, increasing accountability and transparency of 
internal processes, an aging population, workforce shortages, 
generational differences, social networking, and mobile tech-
nology. These factors will transform both patient-provider 

and provider-provider interactions. Health-care’s increased 
complexity and sophistication comes at a price- increased risk 
of error and poor patient outcome. Sir Cyril Chantler stated, 
“Medicine used to be simple, ineffective and relatively safe. 
Now it is complex, effective and potentially dangerous”  [  8  ] .  

   A “Systems Approach” to Improving 
Health-Care Delivery 

 Although concepts of systems and engineering applications 
applied to health care may seem novel, large successful orga-
nizations have used systems engineering principles for many 
years. Dr. Henry Plummer, a Mayo Clinic internist from 
1901 to 1936, creatively engineered many aspects of the 
world’s  fi rst integrated academic group practice of medicine 
and surgery and remains a recognized pioneer in conceptu-
ally embedding engineering philosophy into the practice of 
medicine  [  9  ] . Plummer’s innovations included an integrated 
inpatient and outpatient medical record, a “master sheet” 
clinical diagnoses list for research and practice improvement 
activities, a pneumatic tube system to distribute records and 
laboratory specimens across multiple geographic sites, and a 
color-coded lighting system to support central booking and 
the patient visitation process. All of these inventions remain 
in use today. In fact, Plummer’s novel applications served as 
the origins of the Division of Systems and Procedures at 
Mayo Clinic in 1947. Dick Cleeremans (Section Head 1966–
1982) stated: “The decision by the Mayo Medical Center to 
hire  industrial engineers  in those early years was in keeping 
with the Mayo commitment to the patient, physician/patient 
relationship and Dr. Plummer’s expectation that the system 
and the organization of the clinical practice were important 
and a worthy management activity.” 

 More recently, Avedis Donabedian popularized the struc-
ture-process-outcome framework with which to assess qual-
ity-improvement efforts  [  10  ] . Donabedian also described the 
Systems Engineering Initiative to Patient Safety (SEIPS) 
framework, designed to improve health-care delivery in 
complex health-care systems (Fig.  10.3 )  [  10,   11  ] .  

 System approaches focus on the working environ-
ment rather than on the errors of individual providers, as 
the likelihood of speci fi c errors increases with unfavorable 
 environmental conditions. The effective system intervention 
is to design, test, and enhance the system’s components so it 
can prevent human error and identify a variety of vulnerabili-
ties such as distraction, fatigue, and other latent factors  [  12  ] .  

   The “Systems Approach” Meets “Modeling 
and Simulation” 

 Systems-based modeling and simulation (M&S) has several 
advantages for clinical decision support, systems analysis, 
and experimentation for multivariate system components 
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that cannot be achieved by traditional quality-improvement 
processes. Computer modeling can simulate processes of 
health-care delivery by engineering techniques such as 
 discrete-event simulation. In discrete-event simulation, the 
operation of a system is represented as a chronological 
sequence of events; events occur at a particular instant in 
time, thus de fi ning a change of state in the system  [  13  ] . 
Because discrete-event simulation is time oriented (as clini-
cal patient outcomes often are based on timeliness of deliv-
ered care), this form of computer-based simulation lends 
itself well to systems engineering analyses of contemporary 
complex health-care systems. 

 Coupling computer modeling techniques (such as dis-
crete-event simulation) to realistic contemporary simulation 
programs can provide a synergy of process improvement 
design and analysis offering exceptionally strong opportuni-
ties in transformational process improvement. For instance, 
novel process optimization mechanisms through integration 
of engineering principles for health-care system analysis, 
simulation-based drills, and work fl ow redesigns for testing 
proposed interventions (virtual clinical trials or quality 
improvement) before clinical deployment may reduce the 
potential for preventable harm to patients. 

 Consider a patient entering an emergency department 
with acute abdominal pain, possibly due to a surgical 

 emergency, as the beginning of a “process.” Computer mod-
els (e.g., a process  fl ow diagram) can readily demonstrate 
patient time-dependent  fl ow  for a population of such 
patients , between the time of emergency room entry to the 
de fi nitive surgery. Because many process components must 
occur (history and physical, laboratory analyses, radio-
graphic imaging, consultations) in both series and in paral-
lel, equations describing such patient “traf fi c” can be 
de fi ned, which, if accurate enough, can be descriptors of 
both current and future performance. Such computer-based 
models are excellent adjuncts for process improvement via 
immersive experiential simulation such as drills and in situ 
simulations. 

 A stepwise M&S approach follows that illustrates the 
potential for improved health-care delivery process:
    Step one, system monitoring : Graphically de fi ne a current 

practice pattern of individual patient  fl ow within a distinct 
process of delivered care describing the (in series or in 
parallel) decisions and patient care activities in branching 
fashion (e.g., trauma assessment and care delivery within 
an emergency department).  

   Step two, system modeling : Develop the individual equations 
de fi ning the time-dependent parameters of the work process 
 fl ow diagram. The model must replicate reality within rea-
sonable limits, for realistic patient  fl ow care simulations.  
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  Fig. 10.3    From Carayon et al. work system design for patient safety: The SEIPS model  [  11  ]  (Used with permission)       
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   Step three, hypothesis generation and system redesign : Practical 
aspects of delivered care ef fi ciency are optimized (in a hypo-
thetical basis) by altering components of the  fl ow diagram.  

   Step four, simulation applications to enhance system perfor-
mance : In center or in situ realistic simulation is utilized 
to improve individual or team performance.  

   Step  fi ve, feedback loops sustain process improvement : Data 
monitoring veri fi es absence of regression to baseline 
inef fi ciencies. Simulation “ping” exercises (see example 
8 later in the chapter) or drills are used to assess system 
performance on a perpetual basis.    
 The National Academy of Engineering and Institute of 

Medicine of the National Academies directed attention to the 
issue of systems engineering and integration with their joint 
report in 2005,  Building a Better Delivery System: A New 
Engineering/Health Care Partnership   [  3  ] . The proposed col-
laboration between clinicians, engineers, researchers, educa-
tors, and experts from medical informatics and management 
will provide a clinically relevant, systematic approach and a 
comprehensive solution to many of the challenging problems 
in clinical medicine.  

   System Engineering 

 The overall goal of systems engineering is to produce 
a system that meets the needs of all users or stakehold-
ers within the constraints that govern the system’s opera-
tion. Systems engineering requires a variety of quantitative 
and qualitative tools for analyzing and interpreting system 
models (Table  10.2 ). Tools from psychology, computer sci-
ence, operations research, management and economics, and 
mathematics are commonly utilized in systems engineering 
across a wide array of industries. Quantitative tools include 

 optimization methods, control theory, stochastic modeling 
and simulation, statistics, utility theory, decision analysis, 
and economics. Mathematical techniques have the capabil-
ity of solving large-scale, complex problems optimally using 
computerized algorithms  [  14  ] .  

 Many of the systems engineering tools are found within 
different quality-improvement strategies, including Six 
Sigma, Toyota Production System, and Lean. But within 
these methodologies, examples of system engineering tools 
that have been utilized in health care include  [  3  ] :

   Statistical process control  • 
  Process  fl owcharting  • 
  Queuing theory  • 
  Quality function deployment  • 
  Failure-modes effect analysis  • 
  Optimization  • 
  Modeling and simulation  • 
  Human-factors engineering     • 

   Process Engineering 

 Process engineering is a subset of systems engineering and 
represents a system  process  component, essentially a “build-
ing block” of a complex adaptive system (Table  10.3 ). A 
process is a set of interrelated tasks or steps that together 
transform inputs into a common output (i.e., work fl ow) 
toward a goal, (such as in the assessment steps involved 
within the “acute abdominal pain” patient group presenting 
to an emergency department described earlier). The tasks 
can be executed by people or technology utilizing available 
resources. Thus, within the processes of (complex adaptive) 
systems improvement, a focus within individual processes 
is a natural phenomenon, while recognizing the interrelated 

   Table 10.2    System analysis tools   

 Tool/research area  Patient  Team  Organization  Environment 

 Modeling and simulation 
  Queuing methods  X  X  X 
  Discrete-event simulation  X  X 
 Enterprise-management tools 
  Supply-chain management  X  X  X 
  Game theory and contracts  X  X  X 
  Systems-dynamics models  X  X  X 
  Productivity measuring and monitoring  X  X  X 
 Financial engineering and risk analysis tools 
  Stochastic analysis and value at risk  X  X  X 
  Optimization tools for individual decision making  X  X 
  Distributed decision making (market models and agency theory)  X  X 
 Knowledge discovery in databases 
  Data mining  X  X  X 
  Predictive modeling  X  X  X 
  Neural networks  X  X 

  Reprinted with permission from Ref.  [  3  ] , Tables  10.3  and  10.4   
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nature of system (process) component parts. The introduction 
of new processes, such as technology (and support) associ-
ated with the introduction of an electronic medical record 
(EMR), requires business process redesign  before such pro-
cesses  are implemented. When, in an effort to meet project 
management deadlines, engineering processes are rushed or 
completely ignored, system havoc may ensue.   

   What Systems Integration Is 

  In terms of simulation, systems integration (SI)  is the rec-
ognition of a variety of key principles as one better under-
stands the role and capacity of simulation within the 
complex adaptive health-care system. This is intended to 
achieve a functional, highly ef fi cient organization of 
dynamic teams and processes, interfacing to collectively 
and artfully optimize patient care. Therefore a simulation 
program’s impact on an organization’s intrinsic function 
includes the following principles as they apply to projects 
that facilitate seamless and optimal effective heath system 
process integration. 

 SI projects are:
   Leadership and mission driven toward safety and quality • 
goals, facilitating optimized care delivery  
  Monitored, as appropriate, to assure impact in perpetuity • 
via appropriate metrics  
  Described by systems engineering principles and tools  • 
  Interdisciplinary    • 
 Simulation can also be used strategically by the health-

care organization to achieve business goals. When building 
new facilities, simulation can be used alone or within Six 
Sigma or Lean concepts  [  15,   16  ] , systems engineering tools, 
to ensure that a facility develops ef fi cient and effective 
work fl ows with input from the staff. The new facility can 
then be tested in simulation to identify and address any pro-
cess or human factor issues before opening. 

 Organizational leaders, including clinicians, risk manag-
ers, and/or quality/safety process managers, may approach 

the simulation program with speci fi c safety initiative. Below 
are a series of eight case studies highlighting the use of simu-
lation for SI purposes.          

   Table 10.3    Systems engineering versus process engineering   

 Focus  Systems engineering  Process engineering 

 Purpose  High-level subsystems or systems  Low-level tasks or steps and the resources/tools 
required to execute the tasks/steps 

 Focus  Relationships of interrelated subsystems  Sequence or work fl ow of interrelated tasks or steps 
and associated resources/tools 

 Methodology  Design, analysis, control of relationships between 
subsystems 

 Establish work fl ow or sequence of tasks and 
required resources/tools 

 Example of project types  Optimizing patient care processes in a children’s hospital 
using six Sigma methodology 

 Reducing inpatient turnaround time using a value 
analysis approach 

 Comprehensive perinatal safety initiative to reduce adverse 
obstetric events 

 Improving computed tomography scan throughput 

 Improving handoff communication  Reducing length of stay for congestive heart failure 
patients using six Sigma methodology 

  Modi fi ed from Ref.  [  3  ]   

 Example 1 

 As per organizational policy, the simulation program 
is contacted by the Chair of Perinatal Services and 
Risk Management to address a sentinel event that has 
occurred. An intense review was performed on sen-
tinel events using the following systems and process 
engineering tools: process  fl owcharting, quality func-
tion deployment, root cause analysis, and statistical 
process control. A collaborative process among the 
clinical service, risk management, and the simula-
tion program took place. A comprehensive perinatal 
safety initiative was developed. It was comprised of 
the following components: evidenced-based protocols, 
formalized team training with emphasis on commu-
nication,  documented competence of electronic fetal 
monitoring, high-risk obstetrical emergency simula-
tion program, and dissemination of an integrated edu-
cational program among all health-care providers. A 
2-year study was conducted and demonstrated that this 
comprehensive program signi fi cantly reduced adverse 
obstetric outcomes, thereby enhancing patient safety, 
staff, and patient satisfaction. 

 Example 2 

 Following an analysis of sentinel event data, an orga-
nization concludes that the largest source of prevent-
able mortality for the organization is within the 
context of patients deteriorating in hospital on the 
wards, without prompt enough transfer to a higher 
level of care (“deteriorating patient syndrome”). Root 
cause analyses, supplemented by survey data, reveal 
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 Example 3 

 A large organization consists of 15 disparate hospi-
tals within a  fi ve-state region. Based on review of the 
evolving literature, one hospital devises a simulation-
based Central Line Workshop, created in an effort 
to improve consistency of training and reduce line-
related complications, including site complications 
and bacteremia. Following implementation, institu-
tional data demonstrate a reduction in catheter-related 
bacteremias. Based on this data, organizational lead-
ership decides to:

    1.    Require simulation-based mandatory standards of 
training across the organization.  

    2.    Endorse the standardization of all credentialing for 
central line placement across the organization.  

    3.    Track metrics associated with line-related compli-
cations, responding to prede fi ned data metric goals 
as appropriate.     

 Example 4 

 A 77-year-old male with a previously stable and asymp-
tomatic umbilical hernia presents to an emergency depart-
ment with acute abdominal pain localized to the hernia, 
associated with evolving abdominal distention. He is oth-
erwise healthy, with the exception of being on therapeutic 
anticoagulation (warfarin) for a previous aortic valve 
repair. The patient, the emergency department triage 
nurse, and the emergency room physician quickly recog-
nize the presence of an incarceration. Due to a series of 
system inef fi ciencies, time delays occur, eventuating in a 
13-h delay in arrival to the operating room. Dead gut is 
found, and a primary anastomosis is performed. Five days 
later, the patient develops repeated bouts of bloody stools 
associated with breakdown of the anastomosis and dies 
12 h later without being seen by a physician. 

 Example 5 

 Over the past 10 years, a large health-care organization 
has acquired an array of 20 hospitals, formerly in com-
petition with each other, under a new, semiautonomous 
organizational structure designed to maintain and cap-
ture market share of referrals to the parent academic 
enterprise. The “hub” of this “hub-and-spoke” orga-
nizational model is a well-established and respected 
organization with well honed, safety-conscious poli-
cies and a track record in crisis intervention of perinatal 
emergencies. A small series of preventable deaths have 
occurred across the satellite facilities as high-risk, low-
frequency events within the small systems. Clinicians 
within the existing simulation program at the parent 
organization, seeing examples of referred infants with 
preventable harm, institute an outreach neonatal resus-
citation simulation program. They visit 3 of the 20 sat-
ellite facilities and garner positive initial feedback and 
relationships, albeit in a non-sustainable model of in 
situ neonatal resuscitation team training. 

 Leadership at the parent organization learn of a series 
of malpractice claims associated with  fi nancial losses, 
impacting the institution due to the preventable harm. A 
cohesive plan is presented to senior leadership by a team 
represented by the director of the simulation center, the 
chief legal counsel, safety and quality leadership, and 
the neonatologists performing the in situ program. After 
clinical case and  fi nancial analyses, a leadership level 
decision is made to craft an ongoing, dedicate, manda-
tory, in situ regional program, with ongoing monitoring 
of learner feedback and clinical outcomes. 

 Following sentinel event review, a process map 
depicting the steps associated with the evaluation and 
management of patients having the working diagnosis 
of umbilical hernia incarceration is created. A com-
puter model is created, depicting the observed process, 
with discrete-event simulation utilized to computer 
simulate the actual time delays for a small population 
of similar patients studied retrospectively. The orga-
nization requests the simulation program to develop a 
realistic simulation process improvement plan, build-
ing on the prior work accomplished, to improve the 
process of incarcerated umbilical hernia patients. 
Following institution of realistic simulation quality 
assurance program (involving standardized patients 
presenting to the emergency department replicating 
past patients), data demonstrates a 50% reduction 
in time-to-operating theater, in ten patients within a 
2-year period, compared to baseline. 

that the primary source of the preventable deaths rests 
within the cultural aspects (false assumptions, mis-
perceptions, and inadequate communication) of nurs-
ing and (on-call) house staff at the time of house staff 
evaluation. Armed with this conclusion, organiza-
tional leadership engages the simulation program to 
devise and pilot a simulation-based experiential exer-
cise (course) targeting the newly de fi ned de fi ciencies 
within the learning goals. Following data analysis, 
the course is adopted system wide, in a phased 
approach, with ongoing assessment of both prevent-
able death and cultural survey data. 
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 Example 6 

 During an internal quality assessment review, at a regional 
hospital’s emergency department, it was found that mean 
“door-to-balloon” time for patients with ST elevation 
myocardial infarction (STEMI) was below locally accept-
able standards and norms set by the American Heart 
Association. In an effort to improve “door-to-balloon” 
times, the hospital’s Quality Council (which includes the 
director of the simulation center) determined that an in 
situ simulation of patient journeys would be utilized in an 
effort to improve system response. 

 Prehospital providers and multidisciplinary teams 
from emergency (medical, nursing, patient support) and 
cardiology (medical, nursing, imaging) participated in a 
series of in situ simulations of the STEMI patient journey. 
Simulated (mannequins and monitor emulators) and stan-
dardized patients (actors trained to perform as patients 
with STEMI) were used. “Patients” arrived in the emer-
gency department with a paramedic. Participants were 
required to identify possible candidates for percutaneous 
coronary intervention (PCI), provide immediate assess-
ment and management, communicate effectively between 
teams, and coordinate physical transfer and urgent inter-
vention in the cardiac catheterization suite. After each 
patient care episode, teams participated in a facilitated 
debrief to discuss process, teamwork, and communica-
tion issues, with a focus on areas for improvement. 

 Data was collected on the performance against time-
based targets and quality-of-care key performance indi-
cators in the simulations. Door-to-balloon times for real 
STEMI patients presenting to the facility before and 
after the intervention were collected and analyzed. 

 Data was collected on participant perceptions of the 
experience, including the simulation and debrief, and 
their re fl ections of how the STEMI patient journey 
could be improved. Median door-to-balloon times at 
the facility were 85 min in the 6 months prior to the 
intervention, and 62 min in the 6 months immediately 
after the simulation ( p  < .05), and with a change in the 
“door-to-lab” time of 65 min to 31 min in the corre-
sponding time periods ( p  < .01). 

 Example 7 

 During routine competency assessments, the simulation 
center staff notices a trend in the inability of frontline nurs-
ing staff to properly program an infusion pump that was 
rolled out 3 months earlier at one of the hospitals that uti-
lizes the simulation center. The next week the manager of 
the simulation center contacts the risk manager of that 

 Example 8 (“Ping” Exercise) 

 Similar to a submarine’s sonar “ping” emitted into sur-
rounding waters in search of an enemy vessel, a simu-
lation exercise (typically in situ) can be utilized to 
“ping” a clinical environment, searching for latent, or 
real, failures. The following is an example: 

 A 300-bed teaching hospital facility’s quality team 
hypothesized that traditionally trained resident physicians 
perceived to be pro fi cient enough to place central venous 
catheters (CVCs) alone or under supervision would con-
sistently pass an endorsed, simulation-based, Central Line 
Workshop (CLW) CVC pro fi ciency examination that 
incorporates endorsed institutional practice standards. 

 Resident physicians engaged in performance of 
CVCs were mandated to enroll in a standardized CLW 
training program, focusing on training of CVC to dem-
onstrated pro fi ciency standards using ultrasound, uni-
versal precautions, and an anatomy-based patient 
safety curriculum. Experiential training is followed by 

 particular facility. The simulation manager explains in 
detail the programming challenges that she has witnessed. 

 The risk manager, utilizing the information provided 
by the simulation manager, reviews recent incident 
reports in the electronic incident reporting system. She 
notices that since the implementation of the new pumps, 
the number of rapid response team (RRT) calls and code 
blues outside the ICU has increased by 40%, which raises 
concern that this increase could be due to improper pro-
gramming of the pumps. The risk manager shares the 
information with nursing leadership. Reeducation via 
experiential exercises within the simulation facility is 
planned immediately and occurs for frontline nursing 
staff within the next 2 days. The nursing supervisors, 
who attend every RRT and code blue, are asked to iden-
tify whether the pump programming was a potential 
cause of the patient decline. Within a week, the number 
of RRTs and code blues outside the ICU decreases to the 
levels they had been before the implementation of the 
pumps and is maintained at this level for a period of over 
6 months. To decrease the possibility of similar future 
issues, the operations director of the simulation pro-
gram is placed on the equipment purchasing committee 
such that  simulation-based assessments, when deemed 
appropriate, are performed when new equipment is 
under evaluation for potential purchase. The challenges 
and changes to processes and the subsequent outcomes 
are shared with the performance improvement commit-
tee and the board of directors of the hospital. 
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   Systems Integration Is Not… 

 Systems integration is not present when a simulation program 
is developing courses that are not aligned with the strategic 
plan of the health-care organization or when the primary pur-
pose of a simulation project is for traditional simulation-based 
training, assessment, and/or research goals. Organizational 
leadership will typically have very little awareness of most 
simulation projects occurring within a simulation program. 
Most courses or programs are naturally developed in relative 
isolation from organizational leadership and serve de fi ned pur-
poses within a de fi ned process of education, assessment, care 
delivery, or research. Most programs that are offered speci fi cally 
for teaching, assessment, or research while valuable are natu-
rally linked to patient safety or quality concept goals, but may 
not satisfy the rigor of integrating system components, with 
proactive (engineered) metric assessments of impact. Similarly, 
a simulation project may have an inadequate feedback loop to 
the health-care organization and thus not ful fi ll integrated sys-
tems engineering requisites. An example may be found in the 
following case: The simulation program offers all American 
Heart Association programs annually—BLS, ACLS, and 
PALS. No data on resuscitation outcomes from the health ser-
vice provider is shared with the simulation program. These 
certi fi cations are a requirement for some hospital personnel 
and a revenue generator for the program, but the program does 
not meet the requirements for systems integration.  

   Systems Integration as a Disruptive Innovation 

  Disruptive innovation is  described by Clayton Christensen 
as “a process by which a product or service takes root ini-
tially in simple applications at the bottom of a market and 
then relentlessly moves ‘up market’, eventually displacing 
established competitors”  [  17  ] . 

 Christensen examined the differences between  radical 
innovation , which destroys the value of existing knowledge 
and  incremental innovation  which builds on existing knowl-
edge and creates a “new and improved version.” The classic 
example of a  radical innovation  is the electric light bulb that 
replaced the candle. Christensen notes that  disruptive inno-
vative  has the destroying value of  radical innovation  but 
works through industry more slowly. Typically, a disruptive 
innovation begins unnoticed in an industry as it holds value 
to only a distinct segment of the market. Its power lies in its 
ability to meet the needs of this niche that is unaddressed by 
the current products or services and usually to do so at lower 
cost. As these disruptive innovations improve their services, 
they move up the value chain and ultimately become a threat 
to the market leaders  [  18,   19  ] . 

 Certainly simulation, as applied to health care, satis fi es 
all requirements and de fi nitions of being disruptive innova-
tion. Beyond this, however, will simulation-based systems 
integration (SBSI) move up the value chain in health care 
and threaten the market leader— the utilization of a non-
systems approach to advance the six IOM Quality Aims?  
If there is agreement that the health-care sector is a com-
plex adaptive system, then we must agree that a systems 
approach to improve health-care delivery is essential. SBSI 
brings together the components or subsystems of the whole. 
This is a novel approach and is aligned with Christensen’s 
framework for disruptive innovation: It holds value to a 
niche segment of the market as it moves through the indus-
try slowly. This niche segment is an important driver behind 
the rapid growth of an international multidisciplinary orga-
nization (based on transformative patient-centric principles 
including the underlying assumption that simulation rep-
resents a “disruptive technology” opportunity), like SSH 
(Fig.  10.4 )  [  1  ] .   

   Systems Integration Accreditation via SSH: 
Raising the Bar 

   Rationale for the Development of Systems 
Integration Accreditation 

 For many health-care facilities with access to simulation, 
there is a disconnect between what is actually happening 
within the facility and what is being taught in the simulation 
program. However, when there is collaboration between 

a “Certi fi cation Station” (CS) pro fi ciency assessment. 
Senior residents and those believed to be adequately 
pro fi cient (by both program director and self-assess-
ment) in CVC skills were offered the opportunity to 
“test out” via CS after performing the online course 
only (no experiential component). 

 Fifteen (50%) residents “testing out” of simulation-
based experiential training performed CS (without 
completing the standard entire training module). Seven 
(23%) failed on the  fi rst attempt. As a process improve-
ment tool, simulation-based techniques offer the oppor-
tunity of assessing the performance of existing systems. 
In this example, a previously validated system of per-
formance assessment in CVC placement demonstrated 
imperfect performance by practitioners perceived to be 
pro fi cient enough to place CVCs alone or under super-
vision. This exercise demonstrated the weakness of 
informal CVC placement training exercises and sup-
ported the need for standardized experiential training 
and testing for all residents at the institution placing 
CVCs. This process (CLW) was therefore incorporated 
into standard training practice, on an ongoing basis. 
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these entities in the pursuit of decreasing patient harm, the 
results can be signi fi cant. It was identi fi ed by the 
Accreditation Leadership group at SSH that a key aspect of 
a simulation center of excellence would be the “integration” 
function.  

   The Standards in Evolution 

 A systems integration element was added by the Accreditation 
Leadership group of SSH to acknowledge a program’s high 
level of organizational integration of simulation consistent 
with the transformation of health care as espoused by the 
Institute of Medicine (IOM) principles. A facility must apply 
for and receive accreditation in at least two other areas 
(teaching, assessment, research) in order to be accredited in 
systems integration. 

 As with all accreditation standards, these will evolve over 
time, in line with the continually changing health-care land-
scape. As of January 2012, the standards related to systems 
integration have completed another iteration to ensure that 
they are consistent with current practice. Newly endorsed 
standards, effective January 2012, are provided in  Appendix . 

 Systems integration accreditation by SSH is meant to be 
challenging, consistent with the transformative goals of the 
IOM. However, by obtaining compliance with the standards, 
an institution can be demonstrated to be actively utilizing 
the simulation program as an effective systems engineering 
tool, embedded within the organizational safety and quality 
“toolbox.”   

   “Simulation and Activism: Engineering 
the Future of Health Care” 

   Health Workforce Reform: Performance 
Standardization Credentialing and Accreditation 

 Certi fi cation and accreditation standards provide informa-
tion about desirable and achievable training, resources, and 
processes for individuals participating in simulation and for 
simulation centers, respectively. Articulating these standards 
provides a mechanism for simulation providers and simula-
tion centers to benchmark their own resources and activities. 
Workforce standardization is a real and tangible opportunity 
for organizations. Such a workforce standardization motiva-
tor was key in the justi fi cation of a major Australian simula-
tion initiative, the Australian Simulation Education and 
Technical Training program (AusSETT), funded by Health 
Workforce Australia  [  20  ] . The AusSETT project is the result 
of cooperation across four states, Queensland, South 
Australia, Victoria, and Western Australia, and represents 
system integration at a national level. 

 Educators and professional bodies who certify clinician 
competence are accountable not only to organizations but 
also to the larger community. The use of “zero-risk” simu-
lated learning environments for training has led to the use of 
these same environments for testing and assessment of indi-
viduals and teams. Validation of these assessment processes 
has allowed them to be used for credentialing and 
recerti fi cation of individuals working in a variety of health-
care contexts  [  21–  24  ] . 
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 Although many challenges remain before there is wide-
spread adoption  [  25–  27  ] , simulation-based applications con-
tinue to evolve in high-stakes testing. 

 The development of simulation-based assessment should 
drive collaboration to develop consensus de fi nitions of such 
standards by professional bodies and health-care regulators. 
Simulation applications in  a ssessment,  r esearch  t raining, and 
 s ystems integration revolve around the fundamental concept 
of patient  safety . 

 Although admittedly imperfect and not necessarily indica-
tive of mature clinical  competence , one could conceive of 
future “skills assessments,” based on a set of national standards 
that can be realistically demonstrated within a simulation envi-
ronment. Improved health care (and sustainable health) would 
be the natural and realistic outcome expectation for the global 
community, based on such system integration principles.  

   Health Workforce Reform: Risk Management 
and Malpractice Industry Engagement 

 Improvements in patient safety (clinical outcomes) have 
been well demonstrated in the training for, and performance 
of, a variety of clinical procedures, including central venous 
catheterization  [  26  ] , catheter-related bloodstream infections 
 [  27  ] , thoracentesis  [  28  ] , laparoscopic surgery  [  29  ] , colonos-
copy  [  30  ] , and laparoscopic inguinal hernia repair  [  31  ]  
among others. Due to the rapid demonstration of ef fi cacy of 
simulation across a large range of procedures and specialties, 
a recent meta-analysis concluded: “In comparison with no 
intervention, technology-enhanced simulation training in 
health professions education is consistently associated with 
large effects for outcomes of knowledge, skills, and behav-
iors and moderate effects for patient related outcomes”  [  32  ] . 

 Simulation can play a large role in facilitating safest practices 
through demonstrated pro fi ciency (assessment) and education 
within a health-care organization. Because of such demon-
strable impact, simulation as a quality and safety resource has 
both great promise and demonstrated ef fi cacy in organizational 
approaches to risk reduction. Within the Harvard-af fi liated sys-
tem, Gardner et al. demonstrated that a simulation-based team-
training course for obstetric clinicians was both well accepted 
and was justi fi ed (internally) in the reduction of annual obstet-
ric malpractice premiums by 10%  [  33  ] . This developed as a 
central component of the CRICO/RMF’s (Controlled Risk 
Insurance Company, Risk Management Foundation) obstet-
ric risk-management incentive program. As such the Harvard 
medical institutions simulation-based CRM training serves as 
a strategy for mitigating adverse perinatal events and is a high-
pro fi le model for future malpractice industry endeavors, inte-
grating simulation as an organizational risk-management tool 
into the organizational culture. 

 Such an organizational loss prevention program is a clear 
example of integrating simulation within an organizational 

framework. The intrinsic accountability and feedback archi-
tecture, as described above, provides internal ongoing data to 
the organization, justifying, or modifying as appropriate, the 
optimal use of simulation in serving patient needs. Beyond 
obstetrics, risk-management drivers have been utilized within 
the CRICO/RMF loss prevention “reengineering” system in 
anesthesiology (with mandatory internal utilization) and lap-
aroscopic surgery  [  34  ] . The steps utilized within this process 
are shown in Table  10.4 .    

   Conclusion 

 It is exciting to re fl ect on the dynamic opportunities now 
afforded to health-related organizations via simulation inte-
gration. Using simulation as a tool to de fi ne and apply the 
science of health-care delivery translates into improved 
patient outcomes. The application of systems thinking and 
simulation testing/applications of health-care organizational 
performance may have profound implications for future 
delivery models. Early experience suggests that future prac-
titioners may be utilized differently for maximum ef fi ciency, 
value, and affordable care, as traditional duties are disrupted 
by newer, safer methods of simulation-based training and 
performance assessment, fully integrated into safety-intense 
systems of value-driven care. It is critically important that 
the transformative concepts of the IOM, coupled with the 
(positive) disruptive potentials of simulation (at “systems” 
levels), be thoughtfully and carefully applied in new arenas 
where opportunities for improved, safe, effective, patient-
centric, timely, ef fi cient, and equitable health-care delivery 
exist. Reform in this area could be hampered by the tradi-
tional silos of health-care practice and workplace culture that 
evolved from past eras of health-care reform  [  35  ] . 

 Early health-care simulation endeavors promised patient 
safety through improved  individual and team performance  
leading to improved patient care. This chapter has demon-
strated how simulation modalities can be used to test and 
improve health-care  systems  and more profoundly affect 
patient outcomes and health-care processes. Further progress 
requires continued collaboration between simulation experts, 
health-care providers, systems engineers, and policy makers.       

   Table 10.4    Organizational steps in the creation of a loss prevention 
program   

 Step 1: Analyze malpractice cases 
 Step 2: Create context 
 Step 3: Identify and con fi rm ongoing risk 
 Step 4: Engineer solutions to risk vulnerability 
 Step 5: Aggressively train, investing saved “indemnity dollars” 
 Step 6: Measure impact 

  Modi fi ed from Hanscom  [  34  ]   
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   Appendix: Council for Accreditation of Healthcare Simulation Programs    

        

   Accreditation Standards and Measurement Criteria 

 Suggested Revisions as endorsed by Systems Integration Subcommittee of SSH Accreditation Council, amended and 
 authorized by vote of SSH Accreditation Council January 29, 2012

  Systems integration: facilitating patient safety outcomes  
 Application for accreditation in the area of Systems Integration: Facilitating Patient Safety Outcomes will be available to those Programs 
who demonstrate consistent, planned, collaborative, integrated, and iterative application of simulation-based assessment; quality& safety; 
and teaching activities with systems engineering and risk management principles to achieve excellent bedside clinical care, enhanced 
patient safety, and improved outcome metrics across a healthcare system. 
 Standards speci fi c for accreditation in the area of systems integration & patient safety outcomes 
  BOLD : Required Criteria 
  1 .   MISSION AND SCOPE :  The program functions as an integrated institutional safety, quality, and risk management resource that uses 

systems engineering principles and engages in bi-directional feedback to achieve enterprise-level goals and improve quality of care.  
   Provide a brief summary of how the Simulation Program addresses the Mission and Scope requirements described below (not more 

than 250 words)  
   (a)    Systems integration and patient safety activities are clearly driven by the strategic needs of the complex healthcare system(s).  
     (i)    There is a documented process in place to link the systems integration and patient safety activities to the strategic plan(s) 

of the healthcare system(s)  

    Provide a description of the process, including the roles of those responsible for executing the plan to impact systems integration  

      (ii)    Provide a Copy of the Mission statement(s) with required elements including  

       Impacting integrated system improvement within a complex healthcare environment  

       Enhancement of the performance of individuals, teams, and organizations  

      Creating a safer patient environment and improving outcomes  

       (iii)    Provide evidence from the past two (2) years documenting the simulation program being utilized as a resource by risk 
management and/or quality/patient safety with bi-directional feedback  

       (iv)    Provide a letter (2 pages maximum) from organizational Risk Management, Safety and/or Quality-Improvement leadership 
supporting the Program’s role in achieving organizational risk, quality and/or safety goals  

   (b)    There is clear demonstration of impact of the program in improving organizational integrated processes and/or systems, thereby 
positively (and measurably) impacting patient care environments and/or outcomes, utilizing principles of process engineering for 
sustained impact  

     (i)    The program provides speci fi c documentation of three (3) examples of Simulation used in an integrated fashion to facilitate 
Patient Safety, Risk Management and/or Quality Outcomes projects/activities. Supporting documentation for each project/
activity will include:  

   Documentation of a systems engineering approach used to solve enterprise-de fi ned patient safety concern(s), including design 
algorithm and bi-directional accountability structure(s) for the activity/project  

   Key project improvement document(s) (e.g. charter, A3, process improvement map, root cause analysis, cycles of improvement, etc.)  
      Documentation of simulation contributing to the achievement of enterprise-level goals and improved quality of care  
      Description of Interprofessional engagement and impact  
      Metric outcomes demonstrating system improvements  
      Report of  fi ndings to organizational leadership, including minutes demonstrating review and feedback  

       (ii)    Provide evidence that demonstrates sustained (minimum 6 months), positive outcomes achieved by activities in which 
simulation was used, spanning multiple disciplines  

        (iii)    Provide evidence that demonstrates organizational leadership’s ongoing assessment of outcome metrics  
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  2 .   INTEGRATION WITH QUALITY & SAFETY ACTIVITIES :  The Program has an established and committed role in institutional 
quality assessment and safety processes.  

   Provide a brief summary of how the Simulation Program addresses the Integration with quality and Safety Activities requirements 
described below (not more than 250 words)  

   (a)    There is clear evidence of participation by simulation leadership in the design and process of transformational improvement 
activities at the organizational level  

     (i)    Provide performance improvement committee rosters and minutes from at least two (2) meetings during the past 2 years to 
verify contributions of simulation personnel  

      (ii)    Demonstration of accezss to appropriate quali fi ed human factors, psychometric, and/or systems engineering support or 
resources  
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          Introduction    

 Writing this chapter on a topic as broad as “competency 
assessment” posed a somewhat daunting challenge. There are 
so many facets of assessment (about each of which whole 
chapters and indeed whole textbooks could be/have been writ-
ten). We don’t claim to be “the world’s leading authorities” on 
any one aspect of assessment, but over the years we have both 
gained signi fi cant research  [  1–  3  ]  and practical  [  4,   5  ]  experi-
ence with assessment methodologies, in particular as they 
relate to using simulations for evaluative purposes. Because 
simulation enthusiasts sometimes think that these modalities 
constitute a universe unto themselves, where fundamental 
principles of education don’t apply, we will start each discus-
sion in generic terms and then explore the relevance of simula-
tions to each topic. Accordingly, our goal in this chapter is to 
provide a fairly comprehensive introduction to assessment, 
including important terms and concepts, as well as a broad 
framework for thinking  fi rst about the evaluation of compe-
tence in general and then, more speci fi cally, about the applica-
tion of simulation methods in the assessment context. 

   Historical Perspective 

 In the 1960s, Stephen Abrahamson conducted pioneering 
work employing simulations in medical education— fi rst with 
Howard Barrows using “programmed patients” (what we now 

call simulated or standardized patients [SPs])  [  6  ]  and later 
with Denson and Wolf describing the  fi rst computer-enhanced 
mannequin, “Sim One”  [  7  ] . Interestingly, whereas Sim One 
was used mainly for training (of anesthesiology residents), 
SPs were initially developed speci fi cally for assessment (of 
neurology clerkship students), as a proposed solution to some 
of the methodological challenges with traditional testing of 
clinical skills in actual patient care settings. Barrows and 
Abrahamson  fi rst reported this foundational work nearly 50 
years ago, but the opening paragraph of that article offers a 
de fi nition of assessment and description of its purposes, as 
well as a rationale for using simulation in this context, which 
are still extremely relevant today: “As in all phases of medical 
education, measurement of student performance is necessary 
to determine the effectiveness of teaching methods, to recog-
nize individual student dif fi culties so that assistance may be 
offered and, lastly, to provide the basis for a reasonably satis-
factory appraisal of student performance. However, the evalu-
ative procedure must be consistent with the goals of the 
particular educational experience. Dif fi culties occur in clini-
cal clerkships because adequate testing in clinical teaching is 
beset by innumerable problems”  [  6  ] . 

 We will return to this quotation several times throughout 
this chapter, as we explore different facets of assessment in 
general, as well as the speci fi c applications of simulation 
methods for evaluative purposes.  

   De fi nition of Terms 

 A quick online search using a dictionary application yields 
the following de fi nition of  assessment : “the evaluation or 
estimation of the nature, quality, or ability of someone or 
something”  [  8  ] . This broad but useful de fi nition includes the 
closely related term  evaluation , which to a certain extent 
connotes more of a quantitative estimation of a given charac-
teristic of someone or something. In the educational context, 
some authors draw a distinction between these terms, reserv-
ing “assessment” for methods of obtaining information used 
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to draw inferences about  people  and “evaluation” for similar 
systematic approaches used to determine characteristics 
about some instructional unit or educational  program . (Note 
that the quotation above from Barrows and Abrahamson 
refers to both reasons why “measurement of student perfor-
mance is necessary”  [  6  ] ). For the purposes of discussion in 
this chapter, we will use these terms almost interchangeably, 
although generally our considerations will focus on the 
assessment of learning, skill acquisition, or other educational 
achievement by people, namely, healthcare professionals in 
training or in practice. 

 Similarly, the discussion to follow will employ two other 
closely related terms: in general, we will refer broadly to 
medical “simulations,” meaning any approximation of an 
actual clinical situation—thus including computer-based vir-
tual patients, standardized patients, and so on—that attempts 
to present assessment problems realistically. On the other 
hand, we de fi ne “simulators” more narrowly to mean medi-
cal simulation  devices  designed to imitate real patients, ana-
tomic regions, or clinical tasks; these run the gamut of 
technologies that encompasses part task trainers, computer-
enhanced mannequins, and virtual reality (VR) simulators. 
Various simulation modalities will be described in greater 
detail in chapters that follow in the next section of this text-
book, but, again, the focus here will be on the use of simula-
tions for assessment purposes. In this context, those 
undergoing evaluation will see cues and consequences very 
much like those in actual clinical environments, and they 
must act as they would under real-world conditions. Of 
course, for various reasons—engineering limitations, cost 
and time constraints, psychometric requirements, and so 
on—a simulation will never be completely identical to “the 
real thing”  [  9  ] . 

 As is unavoidable in any discussion on simulation, this 
brings us to another important term: “ fi delity.” We will use 
this in a very general way to describe aspects of the likeness 
of the simulation to the real-life circumstances it aims to mir-
ror. This authenticity of duplication can refer not only to the 
appearance of the simulation (“physical” or “engineering 
 fi delity”) but also to the behaviors required within the simu-
lated environment (“functional” or “psychological  fi delity”) 
 [  10  ] . Because of these different facets of  fi delity, much 
inconsistency in de fi ning and using the term exists in the 
simulation literature; to compound this problem, “high 
 fi delity” has also come to imply “high tech” because advanced 
technology components (e.g., some of the full-body comput-
er-enhanced mannequins or virtual reality devices) may con-
tribute to the increasing realism of simulations available 
today. We will explore the idea of  fi delity in greater depth 
later in the chapter (see section “ Validity ”). 

 Throughout the chapter, we will follow common usage 
with general terms like “tools,” “techniques,” and “modali-
ties.” Whenever possible, however, we will use two other 

terms more speci fi cally, drawing a distinction between 
assessment  methods  and rating  instruments . We can think of 
a transportation analogy: “Methods” would refer to travel by 
air, ground, or sea, and the correlate would be assessment by 
written exam, performance-based tests, or clinical observa-
tion. Within these categories are further subclassi fi cations: 
ground travel can be via car, bus, or motorcycle, just as per-
formance-based tests can be conducted as a long case or as a 
simulation. Rating “instruments,” on the other hand, are used 
in conjunction with almost all of the assessment methods to 
measure or judge examinee performance and assign some 
type of score. These most commonly include things like 
checklists and global rating scales, and detailed discussion of 
such instruments is beyond the scope of this chapter. 

 One  fi nal note as something of a disclaimer: we (the 
authors) naturally draw on our personal educational and clin-
ical experiences to inform the discussion that follows. 
Therefore, we will frequently cite examples within the con-
texts of physician education and the North American sys-
tems with which we are most familiar. This is not to discount 
invaluable contributions and lessons learned from experi-
ences in nursing and other healthcare professions or in other 
countries; rather, our intention is simply to illustrate points 
that we feel are broadly applicable to simulation-based edu-
cation across the health professions worldwide.   

   Outcomes-Based Education 

 So why is it important for us to talk about assessment? For 
most of the last century, discussion in the health professions 
education literature focused chie fl y on the teaching/learning 
 process ; for example, issues of curriculum design (traditional 
separation of the basic and clinical sciences vs. a more verti-
cally and horizontally integrated approach) and content 
delivery (the more common large-group, instructor-led 
 lecture format vs. small-group, problem-based and student- 
centered learning) dominated the debate among education-
ists. Earlier chapters in this textbook similarly addressed 
 educational process questions, this time in the context of 
simulation-based teaching environments; for example, (how) 
should we use humor or stress to enhance the learning expe-
rience or what are different/preferred methods of debrie fi ng. 

 Somewhere along the line, however, amid all the dis-
course about various ways of teaching and optimal pro-
cesses to promote student learning, our focus wavered and 
we lost sight of the  fi nal  product : at the end of the day, 
what is a graduating medical or nursing student supposed 
to look like? What competencies does a resident or fellow 
need to have at the completion of postgraduate training? 
What knowledge, skills, and attitudes does a practicing cli-
nician need to possess in order to provide safe and effective 
patient-centered care? Glaring examples  [  11,   12  ]  of what 
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a healthcare  professional is  not  supposed to look like (or 
do) brought things sharply back into focus; over the last 
decade or so, the issue of public accountability, perhaps 
more than any other in fl uence, has driven a paradigm shift 
toward  outcomes - or  competency - based education   [  13,   14  ] . 
In response to public demand for assurance that doctors 
and other healthcare providers are competent, academic 
institutions and professional organizations worldwide 
have increased self-regulation and set quality standards 
that their graduates or practitioners must meet. Of course, 
it is not suf fi cient merely to list various competencies or 
expected outcomes of the educational process: implicit in 
the competency-based model is the need to demonstrate 
that required outcomes have actually been achieved. It is 
this essential requirement that assessment ful fi lls. 

   Global Core Competency Frameworks 

 In keeping with the evolution to this outcomes-based educa-
tional model, then, many different organizations and accred-
iting bodies have enumerated core competencies that describe 
the various knowledge, skills, and attitudes that healthcare 
professionals should possess at various stages in their train-
ing and, most importantly, when they are entering or actually 
in practice. Examples include the Institute for International 
Medical Education’s de fi nition of the “global minimum 
essential requirements” of  undergraduate  medical programs, 
which are grouped within seven broad educational outcome-
competence domains: (1) professional values, attitudes, 
behavior, and ethics; (2) scienti fi c foundation of medicine; 
(3) clinical skills; (4) communication skills; (5) population 
health and health systems; (6) management of information; 
and (7) critical thinking and research  [  15  ] . These “essentials” 
are meant to represent only the core around which different 
countries could customize medical curricula according to 
their unique requirements and resources. Accordingly, focus-
ing on what the graduating medical student should look like, 
in the UK, the General Medical Council (GMC) describes 
“Tomorrow’s Doctors” with knowledge, skills, and behav-
iors very broadly grouped under three outcomes  [  16  ] , 
whereas the  fi ve schools in Scotland organize their scheme 
based on three slightly different essential elements and then 
within these further elaborate 12 domains encompassing the 
learning outcomes that “The Scottish Doctor” should be able 
to demonstrate upon graduation  [  17  ] . 

 By contrast, in North America, the most commonly 
used competency-based frameworks focus on outcomes for 
 graduate  medical education programs; in Canada, the Royal 
College of Physicians and Surgeons (RCPSC) outlines in the 
CanMEDS framework seven roles that all physicians need to 
integrate to be better doctors  [  18  ] , and in the United States, 
the Accreditation Council for Graduate Medical Education 

(ACGME) describes desired outcomes of physician training 
categorized under six general competencies  [  19  ] . The GMC 
in the UK, in their guidance about what constitutes “Good 
Medical Practice”  [  20  ] , outlines desired attributes for doctors 
not only in postgraduate training but also in clinical practice 
in that country. Although the number and de fi nition of essen-
tial outcomes vary somewhat among different frameworks, 
the fundamental description of what a physician should 
look like at the end of medical school, upon completion 
of postgraduate training, and on into professional practice 
is strikingly similar across these and other schemes. In like 
fashion, nursing, physician assistants, veterinary medicine, 
and other health professions all enumerate the core compe-
tencies required of trainees and practitioners in those  fi elds 
 [  21–  24  ] .   

   Criteria for Good Assessment 

 Before we can discuss various methods to assess any of the 
outcomes described in these competency frameworks, we 
should  fi rst establish criteria for judging the quality of differ-
ent evaluation tools. Such appraisal has traditionally focused 
on the psychometric properties of a given test, particularly its 
reliability and validity, but more recently assessment experts 
have proposed additional factors to consider when weighing 
the advantages and disadvantages of various modalities and 
deciding which to use for a speci fi c purpose  [  25,   26  ] . 

   Reliability 

 In its simplest conception, reliability means consistency of 
performance. In the context of educational testing, reliability 
is a property of  data  produced by an assessment method and 
refers to the reproducibility of scores obtained from an exam 
across multiple administrations under similar conditions. An 
analogy to archery is sometimes drawn to illustrate this con-
cept: imagine two archers (representing two different assess-
ments) taking aim at a target where different rings are 
assigned different point values. Each archer has several tries, 
and one hits the bull’s-eye every time, while the other hits the 
same spot in the outer ring every time. Both archers would 
receive the same score on each trial, and, in this sense, they 
would be considered equally reliable. 

 We refer to this as  test - retest reliability  when, as in the 
archery example, the same individuals undergo the exact 
same assessment but at different times. Another aspect of 
reliability is  equivalence : this is the degree to which scores 
are replicable if either (1) the same test is administered to 
different groups (sharing essential characteristics, such as 
level of training) or (2) the same examinees take two differ-
ent forms of the exam (matched for number, structure, level 
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of dif fi culty, and content of questions). Yet another facet of 
reliability is  internal consistency : this concept is related to 
that of equivalence, in that correlations are calculated to 
gauge reproducibility of scores obtained by two different 
measures, this time using different questions (e.g., all the 
odd- vs. even-numbered items) within the same exam. The 
chief advantage of this so-called split-half method is practi-
cality because reliability coef fi cients can be calculated from 
a single test administration  [  27 , pp. 57–66;  28 , pp. 15–17; 
 29 , pp. 307–308]. 

 Thus far we have been speaking about assessment instru-
ments that produce data that can be objectively scored (e.g., 
answers to multiple-choice questions are either right or 
wrong). Scoring for other evaluation methods, however, 
often entails some subjectivity on the part of human raters, 
thereby introducing measurement variance that will poten-
tially limit the reliability of resulting data. In these cases, 
attention must be paid to other types of reliability.  Inter - rater 
reliability  refers to the agreement of scores given to the same 
candidate by two or more independent examiners. Even in 
situations where there is only one person marking a given 
assessment,  intra - rater reliability  is important, as it repre-
sents the consistency with which an individual assessor 
applies a scoring rubric and generates data that are replicable 
over time, either across multiple examinees on a given day or 
upon rescoring (e.g., by videotape review) of the same per-
formances at a later date  [  27 , pp. 66–70;  28 , pp. 16–17;  29 , 
pp. 308–309]. 

   Reliability of Simulation-Based Assessments 
 Assessments of clinical competence, however, are somewhat 
different than other evaluation settings (e.g., intelligence 
testing), in which there are ordinarily just two main sources 
of variance in measurement: (1) “exam” factors and (2) 
“examinee” factors. By addressing the reliability problems 
discussed above, we attempt to control for those “exam” 
variables—issues related to the assessment instrument itself 
or the raters using the tool—such that the construct of inter-
est (in this case, differing intelligence among examinees) 
accounts for most of the observed variation in scores. Almost 
by de fi nition, though, the assessment equation in the context 
of health professions education contains a third variable rep-
resenting “patient” factors (or disease process or clinical 
task). Indeed, Barrows and Abrahamson were referring 
chie fl y to reliability issues when they said “…adequate test-
ing in clinical [settings] is beset by innumerable problems” 
 [  6 , p. 802]. Their solution, novel at the time, was to employ 
simulations, whose programmability confers a generally 
high degree of reliability: SPs can be trained to present his-
tory and physical exam  fi ndings in a consistent manner, and 
simulators can be programmed to respond in a reproducible 
way to various maneuvers and even invasive procedures. In 
this way, simulations eliminate the risk of harm to real 

patients and minimize the variability inherent in actual clini-
cal encounters. The ability to present assessment problems 
accurately and repeatedly in the same manner to any number 
of examinees is one of the key strengths of simulations for 
evaluation purposes. This reproducibility becomes particu-
larly important when high-stakes decisions (e.g., licensure 
and specialty board certi fi cation) hinge on these assessments, 
as is discussed in greater detail in Chap.   12    .   

   Validity 

 Tightly interconnected with reliability, the concept of valid-
ity is perhaps more nuanced and, consequently, often misun-
derstood. One de fi nition of validity is the degree to which a 
test measures what it was intended to measure. Back to the 
archery analogy: both archers—one who hit the bull’s-eye 
every time and one who hit the same spot in the outer ring 
every time—are equally reliable. If these archers represent 
two different assessments, both of whose aim is to measure 
some outcome represented by the bull’s-eye, then clearly the 
 fi rst archer’s shots would be considered more valid. Thus, 
whereas reliability relates to consistency, validity refers to 
accuracy. In other words, validity re fl ects the degree to which 
we are “on target” with our assessments. 

 This simpli fi ed notion of validity, however, belies a 
signi fi cant evolution over the past 40–50 years in our under-
standing of the concept. As an associate editor (RH) and 
external reviewers (both authors) for health professions jour-
nals, we often receive submitted manuscripts that describe 
study methods in terms such as “Using the  previously vali-
dated  ‘XYZ Checklist’….” The implication is that validity is 
an attribute of particular rating instruments or evaluation 
methods per se—in our example above, that the shots them-
selves are valid or not—but we feel this is a misconception. 
Whereas reliability is a property of the data collected in an 
assessment, validity is a characteristic of the  interpretations  
of this data. Validity is not intrinsic to a given assessment 
method or the scores derived from a particular test; rather, it 
is the  inferences  we draw and  decisions  we make based on 
those scores that are valid (or not). If both archers’ aim is to 
measure the same construct (say, distance to the bull’s-eye 
determined by the length of a string attached to the arrow), 
then the  fi rst archer’s shots would lead to more valid conclu-
sions about what the “true” distance is to the bull’s-eye. 

   The Validity Argument 
 Consequently, establishing validity is not as straightforward 
as conducting one study of an assessment and calculating 
some “validity coef fi cient.” Instead, the validation process 
involves making a structured and coherent argument, based 
on theoretical rationales and the accumulation of empiric 
evidence, to support (or refute) intended interpretations of 

http://dx.doi.org/10.1007/978-1-4614-5993-4_12
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assessment results  [  30 , pp. 21–24;  31  ] . The concept of valid-
ity is critically dependent on  fi rst specifying the purpose of 
an assessment and then considering other factors related to 
the particular context in which it takes place: “There is no 
such thing as a  valid test ! The score from any given test could 
be used to make a variety of decisions in different contexts 
and with different examinee populations; evidence to sup-
port the validity of one type of interpretation in one context 
with one population may or may not support the validity of a 
different interpretation in a different context with a different 
population”  [  28 , p. 10]. Hence, if the purpose of our archery 
contest had been to measure the distance, not to the bull’s-
eye but to the outer ring of the target, then the second archer’s 
shots would lead to more valid decisions based on the length 
of string attached to those arrows. If the aim, however, was to 
evaluate a completely different construct (for instance, the 
distance to something that was located in the opposite direc-
tion behind the archers’ backs), then no valid or meaningful 
interpretation could be made based on results of either assess-
ment, despite their both yielding highly reliable results. 

 These last two examples illustrate the point that infer-
ences or decisions based on scores may not be valid despite 
having reliable data for consideration. The contrary proposi-
tion, however, is not true: without reliable data, meaningful 
interpretation is impossible. Thus, as mentioned at the very 
beginning of this section, reliability and validity are inextri-
cably bound in the context of assessment, with reliability of 
measurement being a necessary (but insuf fi cient) prerequi-
site for valid interpretation and decision-making based on 
evaluation results. In fact, assumptions and assertions about 
reliability issues constitute just one step in a whole series of 
inferences we make whenever we draw conclusions from a 
given assessment.  

   Kane’s Validity Framework 
 Michael Kane proposed an approach to validity that system-
atically accumulates evidence to build an overall argument in 
support of a given decision based on test results. This argu-
ment is structured according to four main links in the “chain 
of inferences” that extends from exam administration to  fi nal 
interpretation:
    1.     Scoring —inferences here chie fl y concern collecting data/

making observations. Evidence for/against these infer-
ences examines whether the test was administered under 
standardized conditions, examinee performance/responses 
were captured accurately, scoring rubrics and conversion/
scaling procedures were applied consistently and cor-
rectly, and appropriate security protocols were in place.  

    2.     Generalization —inferences here mainly pertain to gener-
alizing speci fi c observations from one assessment to the 
“universe” of possible test observations. Evidence for/
against these inferences chie fl y addresses whether appro-
priate procedures were used for test construction and 

sampling from among possible test items and reliability 
issues were addressed, including identi fi cation of sources 
of variance in observed scores or sources of measurement 
error and checks for internal consistency.  

    3.     Extrapolation —inferences here principally involve extrap-
olating from observations in the testing environment to 
performance in actual professional practice. Evidence for/
against these inferences analyzes the degree to which 
scores on the exam correspond to other variables/outcomes 
of interest or predict real-world performance.  

    4.     Decision —inferences here form the basis for the  fi nal inter-
pretation or actions based on scores. Evidence for/against 
this component explores whether procedures for determi-
nation of cut scores were appropriately established and 
implemented; decision rules follow a theoretical framework 
that is sound and applicable to the given context; decisions 
are credible to examinees, the professional community, and 
other stakeholders, including the public; and consideration 
was given to the consequences of such decisions when 
developing the assessment  [  28 , pp. 12–22;  32  ] .     
 Characteristics of different assessment methods in fl uence 

which components of the validity argument are typically 
strongest and which usually represent “the weakest link.” 
Threats to the validity of any of the assumptions weaken the 
overall argument in support of a given interpretation. For 
example, with written assessments such as MCQ exams used 
for board certi fi cation, scoring and generalization compo-
nents of the validity argument are generally strong: exam 
conditions and security are tightly controlled and grading of 
examinee responses is objective, and because such exams 
typically feature a large number of items, there is ample 
research evidence demonstrating robust measurement prop-
erties and high reliability. On the other hand, the greatest 
threats to the validity of decisions based on written exam 
scores come in the form of arguments concerning the extrap-
olation of results. Although they directly measure knowledge 
and, to a certain extent, problem-solving skills requiring 
application of this knowledge, by their nature, written assess-
ments can provide only indirect information about actual 
examinee behaviors in real clinical settings. Empirical evi-
dence demonstrating a relationship between scores on stan-
dardized written exams and some other performance-based 
assessment would strengthen the validity of inferences in 
this extrapolation component, as well as the overall argu-
ment in favor of using scores on such an exam to make, say, 
selection decisions for further training  [  33,   34  ] .  

   Validity Argument for Simulation-Based 
Assessments 
 In similar fashion, we can use Kane’s argument-based 
approach to consider validity issues as they relate to simula-
tion-based assessments. For instance, during our discussion 
about reliability, we highlighted the programmability of 
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simulations as one of their strengths for evaluation purposes. 
We assume, therefore, that all examinees receive test stimuli 
presented in a reproducible and standardized manner, but 
threats to the validity of this assumption are not dif fi cult to 
imagine: simulators might malfunction or SPs might deviate 
from the script and decide to “ad lib.” The argument to sup-
port assumptions made in the  scoring  component, then, 
could include evidence that mannequins are periodically 
tested to ensure proper operation, that SPs receive extensive 
training regarding their roles, and that quality control checks 
for internal consistency are made by observing SP 
performances. 

 Concerning inferences about the generalizability of test 
observations from one “snapshot” in time, the relatively 
small number of items on most simulation-based assess-
ments is problematic. For example, the leap from a single 
evaluation of a surgical resident’s performance on a virtual 
reality (VR) laparoscopy trainer to what the same resident’s 
performance might be over many different observations of 
related surgical skills (with the same simulator or even dif-
ferent forms of simulation) is a potentially risky inference. 
This problem of case or content speci fi city (also called “con-
struct underrepresentation” in the validity literature  [  30  ] ) 
   constitutes one of the major threats to validity across many 
assessment modalities, particularly those based on observa-
tional methods, whether in simulated environments or in real 
clinical settings. The only effective way to reinforce this 
“weak link” in the  generalization  component of the validity 
argument is by increasing the number of cases in an assess-
ment. One of the advantages of simulations is that more cases 
can be developed and implemented as needed (within the 
constraint of available resources), unlike assessments based 
on observation of actual clinical encounters, which are gen-
erally restricted to the patients, conditions, or procedures 
available in the hospital or clinic on a given day  [  28 , pp. 
18–19;  33  ] . Development of multi-station examination for-
mats—with many, brief, and varied simulations rather than 
one long testing scenario, such as in Objective Structured 
Clinical Examinations (OSCEs)—was another attempt to 
solve just such problems with the generalizability of results 
from clinical assessments. 

 The next component of the validity argument— extrapola-
tion —also requires evidence to substantiate assumptions that 
examinee performance under test conditions is likely to be 
representative of future performance, this time in actual clin-
ical situations, rather than just under similar testing condi-
tions. Such evidence could be drawn from empiric correlation 
of assessment data with real-world variables of interest, such 
as level of experience or patient care outcomes. For example, 
the argument that performance on a VR endoscopy simulator 
is predictive of competence performing real endoscopies 
would be strengthened if (1) attending gastroenterologists 

with many years of endoscopy experience score higher on a 
test utilizing the simulator than postgraduate trainees with 
limited real-life experience, who in turn score higher than 
novices with no endoscopy experience, and/or (2) those scor-
ing higher on the simulation-based test have lower rates of 
complications when performing endoscopies on real patients 
than those with lower test scores and vice versa. Experiments 
to gather evidence in support of the  fi rst hypothesis are fre-
quently conducted because prospective studies designed to 
test the second would raise signi fi cant ethical, and possibly 
legal, questions! 

 In contradistinction to written tests, where the extrapola-
tion component of the validity argument is often the weakest 
link (because they simply cannot replicate psychomotor and 
other elements of real-world clinical tasks), the high degree 
of realism of VR and other modern simulators seems prima 
facie to strengthen the “predictive validity” of assessment 
methods using these technologies. It is here that the idea of 
 fi delity becomes important, as it is often cited to support the 
extrapolation phase of the validity argument: the assump-
tion is that the more authentic the simulation (as with some 
high-tech simulators currently available), the more likely it 
is that performance in the assessment will predict real-world 
behaviors. Of course, we have already stated that a simula-
tion, by its very nature, is never completely identical to “the 
real thing.” Indeed, the more we manipulate aspects of a 
scenario (e.g., to improve standardization or include rare 
clinical content), the more arti fi ciality we introduce. 
Consequently, steps to strengthen the scoring and general-
ization components of our validity argument may come at 
the cost of weakening the extrapolation link to real-world 
clinical practice  [  33  ] . 

 Moreover, as mentioned very early in this chapter, the 
concept of  fi delity has many facets, and we should take care 
to differentiate among them. Engineering  fi delity refers to 
the degree to which the simulation device or environment 
reproduces the physical appearance of the real system (in 
this case, actual clinical encounters), whereas psychological 
 fi delity refers to the degree to which the simulation dupli-
cates the skills and behaviors required in real-life patient 
care situations  [  10  ] . At this point, we should recall our basic 
de fi nition of validity—the degree to which a test measures 
what it was intended to measure—from which it becomes 
clear that high-level psychological  fi delity is much more 
important than engineering  fi delity, because real-world 
behaviors, not just appearances, are the ultimate “target” of 
our assessments. After all, “appearances can be deceiving.” 
For instance, while it may seem that we are assessing car-
diopulmonary resuscitation (CPR) skills using a “high-
 fi delity” human patient simulator, outcome measures may 
correlate better with examinees’ prior exposure/practice 
with that particular mannequin than with actual level of 
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pro fi ciency in performing CPR, or returning to the earlier 
example of a VR endoscopy simulator, scores may turn out 
to correlate better with users’ experience playing video 
games than with actual procedural experience. In such cases, 
factors other than the competency of interest in fl uence 
scores, introducing a major threat to validity known as “con-
struct-irrelevant variance”  [  28 , pp. 20–21;  30  ] . Data obtained 
from the assessment may still be highly reliable, because 
this source of measurement error is not random but system-
atic, making it sometimes dif fi cult to detect. Especially with 
assessments employing high-tech simulators, therefore, 
description of orientation sessions for all examinees to con-
trol for the confounding variable of familiarity with the 
“hardware” could strengthen the extrapolation phase of the 
validity argument. Beyond components of the simulation 
itself, a related threat to validity can arise due to the manner 
in which rating instruments are constructed and used: if 
scores are derived, say, from a checklist of action items, 
examinees might learn to “game the system” by stating or 
performing numerous steps that they might not actually do 
in real life in order to maximize points on the test. To argue 
against this potential threat to validity, evidence could be 
presented about procedures used to minimize effects of such 
a “shotgun approach,” including differential weighting of 
checklist items and penalties for extraneous or incorrect 
actions  [  28  ] . 

 As with most testing methodologies, especially when 
high-stakes determinations rest on assessment results, the 
 fi nal interpretation or  decision  phase of the validity argument 
for simulation-based methods should offer evidence that cut 
scores or pass/fail judgments were established using defen-
sible standards  [  35,   36  ] . Moreover, the assessment process 
and resulting  fi nal decisions must be credible to various 
stakeholders: even if ample evidence supports the scoring, 
generalization, and extrapolation portions of the validity 
argument,  fi nal interpretations of test scores are only valid if 
parties to whom resulting decisions are important believe 
they are meaningful. For example, the public places trust in 
the process of board certi fi cation to guarantee that practition-
ers are competent and duly quali fi ed in a given specialty. If 
numerous “bad apples” (who ultimately commit malprac-
tice) were found to have cleared all the requisite evaluation 
hurdles and still somehow slipped through the system, then 
the validity of such certi fi cation decisions would be called 
into question.   

   Educational Impact 

 Samuel Messick was a psychologist and assessment expert 
who articulated the view that consideration of the conse-
quences of testing is an important component of the 

 validation process  [  37  ] . This shifted the discussion in the 
education community from one focused mostly on the 
scienti fi c or psychometric evaluation of test data to a 
broader discourse on the secondary effects of assessment 
implementation and decisions. “Assessment drives learn-
ing.” As is captured in this often repeated expression, one 
clear consequence of testing is the in fl uence it can have on 
what teachers choose to teach and what students choose to 
study. Lambert Schuwirth and Cees van der Vleuten are 
two thought leaders (from Maastricht University in the 
Netherlands) who have carried Messick’s view into the 
realm of health professional education and spoken elo-
quently about the need to look beyond reliability and valid-
ity as the sole indicators of assessment quality and also 
consider the educational impact, both positive and nega-
tive, of testing programs.    Moreover, they argue that it is not 
enough to simply acknowledge that learners will be moti-
vated to study in different ways by both the content and 
form of required examinations; we should actually capital-
ize on this phenomenon by purposely designing assessment 
systems in such a way as to steer learners’ educational 
efforts in a desirable direction  [  38  ] . 

   Educational Impact of Simulation-Based 
Assessments 
 One of the most notable examples of the way simulation-
based assessment has driven learning can be seen with the 
introduction of the Step 2 Clinical Skills component (Step 2 
CS) of the United States Medical Licensing Examination 
(USMLE)  [  39  ] . Developed by the National Board of Medical 
Examiners (NBME), this multistep examination is required 
for physician licensure in the United States. The Step 2 CS 
component was added to assess hands-on performance of 
history-taking and physical examination skills as well as 
attributes of professionalism. Simulations are central to this 
exam, in that examinees interact with and evaluate a series 
of SPs, who are trained not only to provide the history and 
mimic certain physical exam  fi ndings but also to score can-
didates’ performance of these clinical tasks using standard-
ized checklists. The impact of introducing this additional 
step to the USMLE was felt even before full implementa-
tion: as soon as the  fi nal decision to add the new exam com-
ponent was announced, medical schools altered curricula to 
increase emphasis on teaching and learning these clinical 
skills, including development of “mock board” exams at 
local institutions to give their students practice with this 
testing format. In fact, special simulation labs and clinical 
skills centers sprang up with astounding rapidity, such that 
now—only 8 years after introduction of the Step 2 CS 
exam—nearly every medical school in the USA has a well-
established program utilizing SPs for teaching and assessing 
these clinical skills. 
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 To the extent that history-taking and physical exam skills 
are considered fundamental competencies for any physician 
to practice safely and effectively, increased emphasis on 
teaching and learning these skills would appear to be a 
bene fi cial effect of the assessment program. Sometimes, 
however, the impact on educational and other learner attri-
butes can be unexpected and negative and due not so much 
to examination content as testing format. What has been 
observed at the examination is that some students take a 
“shotgun” approach, aiming to “tick all the boxes” by ask-
ing numerous irrelevant questions in the history and per-
forming many examination maneuvers, with little attention 
to those elements that will be of highest yield in a patient 
with certain signs and symptoms. In addition, many students 
perform history taking in a robotic manner, seeking only 
factual information rather than developing a more humanis-
tic and patient-centered approach. If, as mentioned in the 
previous section, examinees are trying to “game the system” 
in this way, then this represents a threat to the predictive 
validity of the assessment process. If, on the other hand, we 
are to infer that such student behaviors can be extrapolated 
to performance in actual patient care settings, then clearly 
the impact of the assessment process will have been nega-
tive. In response to this observed effect, the NBME 
announced that the scoring rubric for interpersonal commu-
nication elements in the Step 2 CS would change in 2012 
 [  40  ] . There is no doubt that this, in turn, will impact the way 
communication skills are taught, learned, and assessed in 
the future; questions about the magnitude, direction, and 
ultimate bene fi t (or harm) of this continuing evolution 
remain.  

   Catalytic Effect 
 Recently a panel of health professions educational experts 
elaborated a consensus statement and recommendations 
concerning seven “criteria for good assessment”  [  26  ] . We 
have already discussed most of these factors to be weighed 
in judging the quality of assessment programs, including 
(using their terminology) (1) validity or coherence, (2) 
reproducibility or consistency, (3) equivalence, (4) accept-
ability, and (5) educational effect. In their treatment of the 
last element, however, they draw a distinction between the 
impact that testing has on individual learners—“the assess-
ment motivates those who take it to prepare in a fashion that 
has educational bene fi t”  [  26  ] —and what they call  catalytic 
effect : “the assessment provides results and feedback in a 
fashion that creates, enhances, and supports education; it 
drives future learning forward”  [  26  ] . The working group 
emphasized this as a (sixth) separate criterion against which 
to judge assessments, viewing it as both important and desir-
able. This kind of catalytic effect can in fl uence medical 
school curricula, provide impetus to reform initiatives, and 

set national priorities in medical education, such as we 
described as a result of the simulation-based assessments in 
the USMLE Step 2 CS exam.  

   Purposes of Assessment 
 The overarching reasons for conducting an assessment have 
a clear relationship to the educational impact it is likely to 
make. Just as the purpose of an assessment was of funda-
mental importance to the process of validation, so, too, this 
context must be considered in order to anticipate the prob-
able consequences of implementing a new evaluation 
scheme. On one hand, testing carried out primarily to deter-
mine whether (and to what degree) learners achieve educa-
tional objectives is said to be for  summative  purposes. This 
usually occurs at the end of a unit of instruction (e.g., exams 
at the end of a course, year, or program) and typically 
involves assignment of a speci fi c grade or categorization as 
“pass or fail.” Not infrequently summative assessments 
involve high-stakes decisions, such as advancement to the 
next educational level or quali fi cation for a particular scope 
of practice, and, therefore, these are the types of assess-
ments most likely to have a catalytic educational effect. We 
have already mentioned some of the ways (both positive 
and negative) that such high-stakes exams can in fl uence not 
only the study patterns and behaviors of individual learners 
but also local institutions’ curricula and even national edu-
cational agendas. On the other hand, assessments under-
taken chie fl y to identify particular areas of weakness in 
order to direct continued learning toward the goal of even-
tual improvement are said to serve a  formative  purpose. 
Although often thought of as distinct components of an edu-
cational system, this is the area where teaching and testing 
become intertwined. While it might seem that formative 
assessments, by de fi nition, will have a positive educational 
impact, care must be exercised in how the formative feed-
back is given, lest it have unanticipated negative effects. 
This can be especially true with simulation-based methods: 
because of the high level of interactivity, and depending on 
the degree of psychological  fi delity, learners can suspend 
disbelief and become signi fi cantly invested in the outcomes 
of a given situation. Imagine then the possible negative 
consequences of designing a testing scenario—even if 
intended to teach lessons about dealing with bad outcomes 
or dif fi cult emotional issues—wherein the patient always 
dies. Occasionally individuals will instead learn detrimen-
tal coping strategies or adopt avoidance behaviors if con-
fronted with similar clinical circumstances in the future. 
Awareness of the fact that our choice of evaluation meth-
ods, whether for summative or formative purposes, will 
have some educational impact, and attempts to anticipate 
what these effects might be can lead to better assessment 
systems and improved learning outcomes.   
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   Feasibility 

 Finally, all of the discourse about reliability and validity 
issues and educational impact would be strictly academic if 
an assessment program cannot be implemented for practical 
reasons. Feasibility is the remaining (seventh) criterion to 
consider for good evaluation systems, according to the expert 
group’s consensus statement: “The assessment [should be] 
practical, realistic, and sensible, given the circumstances and 
context”  [  26  ] . Here again we see the importance of context, 
with local resources being a limiting factor in whether an 
assessment can be developed and actualized. The  fi rst con-
sideration regarding resources is usually  fi nancial, but other 
“costs” including manpower needs and technical expertise 
must be tallied when deciding whether, for example, a school 
can mount a new OSCE examination as a summative assess-
ment to decide who will graduate. In addition, too much 
attention is often paid to start-up costs and not enough con-
sideration is given to resources that will be required to sus-
tain a program. Ultimately, analysis about the feasibility of 
an assessment should ask not only whether we  can  afford the 
new system but also whether we  should  expend available 
resources on initiation, development, maintenance, and 
re fi nement of the assessment. 

   Feasibility of Simulation-Based Assessments 
 When a needs analysis indicates that simulation-based meth-
ods would be the best solution for an evaluation problem on 
theoretical and educational grounds, costs are usually the  fi rst 
challenge to realization for practical reasons. If simulators, 
especially newer computer-enhanced mannequins and virtual 
reality devices, are to be employed, their purchase costs may 
be prohibitive. The upfront expenses are obvious, but ongo-
ing costs must also be calculated, including those for storage, 
operation, repair, and updating of the devices over time. For 
example, beyond the initial costs for high-tech simulators, 
which sometimes exceed six  fi gures, maintenance and 
extended service contracts for these devices can easily cost 
thousands of additional dollars per year. These equipment 
costs can be considerable, but personnel costs may be more 
so, especially because they are recurring and are often over-
looked in the initial budget calculation: simulation center 
employees usually include technical personnel who perform 
upkeep of simulators, administrative staff for scheduling and 
other day-to-day operational issues, and, if the simulations 
are undertaken for formative purposes, instructors who may 
or may not need to have professional expertise in the area of 
interest. The reckoning must also include indirect costs in 
time and manpower, which can be substantial, for simulation 
scenario development, pilot testing, and so on. 

 Costs for relatively low-tech simulations, likewise, 
often receive less attention than they deserve: for instance, 

 examinations using SPs for assessment of clinical skills are 
quite expensive to develop and implement  [  41  ] . There are costs 
related to recruiting and training the SPs, as well as supervision 
and evaluation of their performance in the assessment role. If the 
program is designed for widespread (e.g., national) implemen-
tation, then this can become a full-time job for the SPs. In addi-
tion, testing centers must be built, equipped, and maintained. 
If raters other than SPs score examinee performances in real 
time, their employment and training represent yet additional 
expenses, especially if the assessment requires health profes-
sionals with technical expertise as raters, with opportunity 
costs owing to the time away from their regular clinical duties. 
For an assessment program like this to be feasible, there must 
be funding to cover these costs, which oftentimes are passed 
on to examinees in the form of fees. Practical issues such as 
these were among the principal reasons why implementation of 
the USMLE Step 2 CS exam was delayed for many years after 
the decision was made to incorporate this additional step in the 
licensure process, and one of the ongoing criticisms about this 
exam pertains to the additional  fi nancial burden it imposes on 
medical students who are already heavily in debt.   

   Weighing Assessment Criteria 

 In judging how good an assessment may be in terms of the 
criteria described above, different stakeholders will value and 
prioritize different characteristics. Decisions based on results 
of testing matter to numerous parties, including individual 
learners, teachers and their respective programs, professional 
and regulatory bodies, and, ultimately, the patients on whom 
the health professionals undergoing these assessments might 
practice. Obviously not all criteria will or can receive equal 
emphasis in designing evaluation programs, so various fac-
tors must be balanced according to the purpose and context of 
the assessment. For example, a high-stakes summative exam 
(e.g., for licensure or board certi fi cation) must ful fi ll criteria 
related to the need for accountability to regulators and 
patients, as well as fairness and credibility for examinees and 
other health professionals. Therefore, validity and reliability 
considerations may trump educational impact. By contrast, 
for formative assessments, educational effect is a more desir-
able attribute than, say, exact reproducibility or equivalence 
of different exams. As just stated, no matter the purpose of the 
assessment, feasibility issues will be important because they 
determine whether a planned testing program will actually 
come to fruition; clearly though, the practicality issues will 
vary considerably depending on the purpose, scale, stakes, 
and other contextual features of an exam  [  26  ] . For assessment 
planners using simulation-based methods, the trade-offs and 
differential weighting of different quality criteria will be the 
same as for various other evaluation methods.         
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  Assessment Methods 

 In consideration of these criteria, as well as the outcomes 
framework operational in a given setting, numerous 
assessment modalities exist for evaluating relevant com-
petencies. As George Miller stated: “It seems important 
to start with the forthright acknowledgement that no sin-
gle assessment method can provide all the data required 
for judgment of anything so complex as the delivery of 
professional services by a successful physician”  [  42  ] . 
Moreover, it is beyond this chapter’s scope to describe all 
the available assessment methodologies in great detail; as 
we stated at the outset, entire chapters and textbooks have 
been written about these topics, and we refer the reader to 
several excellent sources for more in-depth discussion—
including detailed descriptions with examples of different 
testing formats, treatment of technical and psychometric 
issues, analysis of research evidence to support decisions 
to use a number of modalities, and consideration of advan-
tages, limitations, and practical matters involved with 
implementation of various assessment methods  [  43–  47  ] . 
Instead, we will provide a brief overview of the general 
types of assessment modalities, with limited examples, 
and emphasize the importance of choosing evaluation 
methods that are aligned with the competencies being 
tested as well as other assessment dimensions. 

 To organize our thinking about so many different 
methodologies, it is helpful to group them into a few 
broadly de fi ned categories. Based on several similar 
classi fi cation schemes  [  48 , pp. 5–9;  49 , pp. 7–8;  50  ] , we 
will consider the following as they apply to the evaluation 
of health professionals: (1) written and oral assessments, 
(2) performance-based assessments, (3) clinical observa-
tion or work-based assessments, and (4) miscellaneous 
assessments (for methods that defy easy classi fi cation or 
span more than one category) (see Table  11.1 ).  

   Written and Oral Assessments 

   Written Assessments 
 Written tests have been in widespread use for nearly a cen-
tury across all  fi elds and stages of training; indeed, scores 
on written examinations often carry signi fi cant weight in 
selection decisions for entry into health professional train-
ing programs, and, as such, written tests can constitute 
high-stakes assessments. Written exams—whether in 
paper-and-pencil or computer-based formats—are the 
most common means used to assess cognitive or knowl-
edge domains, and these generally consist of either 
 selected - response /“closed question” (e.g., multiple-choice 

questions [MCQs] and various matching or true-false for-
mats) or  constructed - response /“open-ended question” 
(e.g.,  fi ll-in-the-blank and essay question) item formats. 
MCQs, in particular, have become the mainstay of most 
formal assessment programs in health professions educa-
tion because they offer several advantages over other test-
ing methods: MCQs can sample a very broad content 
range in a relatively short time; when contextualized with 
case vignettes, they permit assessment of both basic sci-
ence and clinical knowledge acquisition and application; 
they are relatively easy and inexpensive to administer and 
can be machine scanned, allowing ef fi cient and objective 
scoring; and a large body of research has demonstrated 
that these types of written tests have very strong measure-
ment characteristics (i.e., scores are highly reliable and con-
tribute to ample validity evidence)  [  46 , pp. 30–49;  51–  54  ] .  

   Oral Assessments 
 Like written tests, oral examinations employ a stimulus–
response format and chie fl y assess acquisition and appli-
cation of knowledge. The difference, obviously, is the 
form of the stimulus and response: As opposed to pencil-
and-paper or computer test administration, in oral exams, 
the candidate verbally responds to questions posed by 
one or more examiners face to face (hence the alternate 
term “vivas,” so-called from the Latin  viva voce ,  meaning 

   Table 11.1    General categories and examples of assessment 
methods   

 Category  Examples 

 Written and oral 
assessments 

 Multiple-choice questions (MCQ) 
 Matching and extended matching items 
 True-false and multiple true-false items 
 Fill-in-the-blank items 
 Long and short essay questions 
 Oral exams/vivas 

 Performance-based 
assessments 

 Long and short cases 
 Objective Structured Clinical Examinations 
(OSCE) 
 Simulation-based assessments 

 Clinical observation 
or work-based 
assessments 

 Mini-Clinical Evaluation Exercise 
(mini-CEX) 
 Direct Observation of Procedural Skills 
(DOPS) 
 360° evaluations/multisource feedback 

 Miscellaneous 
assessments 

 Patient surveys 
 Peer assessments 
 Self-assessments 
 Medical record audits 
 Chart-stimulated recall 
 Logbooks 
 Portfolios 
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“with the live voice”). In traditional oral exams, the 
clinical substrate is typically the (unobserved) inter-
view and examination of an actual patient, after which 
the examinee verbally reports his or her  fi ndings and 
then a back-and-forth exchange of questions and 
answers ensues. Examiners ordinarily ask open-ended 
questions: Analogous to written constructed-response-
type items, then, the aim is to assess more than just reten-
tion of facts but also ability to solve problems, make a 
logical argument in support of clinical decisions, and 
“think on one’s feet.” An advantage of oral exams over, 
say, essay questions is the possibility of dynamic interac-
tion between examiner(s) and candidate, whereby addi-
tional queries can explore why an examinee answered 
earlier questions in a certain way. The  fl ip side of that 
coin, however, is the possibility that biases can substan-
tially affect ratings: Because the exam occurs face to face 
and is based on oral communication, factors such as 
examinee appearance and language  fl uency may impact 
scores. Oral exams face additional psychometric chal-
lenges in terms of (usually) limited case sampling/content 
speci fi city and, due to differences in examiner leniency/
stringency, subjectivity in scoring. These issues pose 
threats to the reliability of scores and validity of judg-
ments derived from oral assessment methods  [  46 , pp. 
27–29;  55 , pp. 269–272;  56 , p. 324;  57 , pp. 673–674].   

   Performance-Based Assessments 

   Long Cases 
 Performance-based tests, in very general terms, all 
involve formal demonstration of what trainees can actu-
ally do, not just what they know. Traditional examples 
include the “long case,” whereby an examiner takes a 
student or candidate to the bedside of a real patient and 
requires that he or she shows how to take a history, per-
form a physical examination, and perhaps carry out some 
procedure or laboratory testing at the bedside. Because 
examinees usually answer questions about patient evalu-
ation and discuss further diagnostic work-up and man-
agement, long cases also incorporate knowledge 
assessment (as in oral exams), but at least some of the 
evaluation includes rating the candidate’s performance of 
clinical skills at the bedside, not just the cognitive 
domains. Long (and/or several short) cases became the 
classic prototype for clinical examination largely because 
this type of patient encounter was viewed as highly 
authentic, but—because patients (and thus the conditions 
to be evaluated) are usually chosen from among those 
that happen to be available in the hospital or clinic on the 

day of the exam and because examiners with different 
areas of interest or expertise tend to ask examinees dif-
ferent types of questions—this methodology again suf-
fers from serious limitations in terms of content 
speci fi city and lack of standardization  [  46 , pp. 53–57; 
 55 , pp. 269–281;  56 , p. 324;  57 , pp. 673–674].  

   Objective Structured Clinical Examination (OSCE) 
 Developed to avoid some of these psychometric prob-
lems, the Objective Structured Clinical Examination 
(OSCE) represents another type of performance-based 
assessment  [  58  ] : OSCEs most commonly consist of a 
“round-robin” of multiple short testing stations, in each 
of which examinees must demonstrate de fi ned skills 
(optimally determined according to a blueprint that sam-
ples widely across a range of different content areas), 
while examiners rate their performance according to 
predetermined criteria using a standardized marking 
scheme. When interactions with a “patient” comprise 
the task(s) in a given station, this role may be portrayed 
by actual patients (but outside the real clinical context) 
or others (actors, health professionals, etc.) trained to 
play the part of a patient (simulated or standardized 
patients [SPs]; “programmed patients,” as originally 
described by Barrows and Abrahamson  [  6  ] ). Whereas 
assessment programs in North America tend to use pre-
dominantly SPs, real patients are more commonly 
employed in Europe and elsewhere. One concern about 
the OSCE method has been its separation of clinical 
tasks into component parts: Typically examinees will 
perform a focused physical exam in one station, inter-
pret a chest radiograph in the next, deliver the bad news 
of a cancer diagnosis in the following station, and so 
forth. A multiplicity of stations can increase the breadth 
of sampling (thereby improving generalizability), but 
this deconstruction of what, in reality, are complex clini-
cal situations into simpler constituents appears arti fi cial; 
although potentially appropriate for assessment of nov-
ice learners, this lack of authenticity threatens the valid-
ity of the OSCE method when evaluating the performance 
of experts, whom we expect to be able to deal with the 
complexity and nuance of real-life clinical encounters. 
An additional challenge is that OSCEs can be resource 
intensive to develop and implement. Nonetheless, espe-
cially with careful attention to exam design (including 
adequate number and duration of stations), rating instru-
ment development, and examiner training, research has 
con fi rmed that the OSCE format circumvents many of 
the obstacles to reliable and valid measurement encoun-
tered with traditional methods such as the long case 
 [  46 , pp. 58–64;  57 ,  59 ].  
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   Simulation-Based Assessments 
 Besides their use in OSCEs, SPs and other medical simu-
lators, such as task trainers and computer-enhanced 
 mannequins, often represent the patient or clinical context 
in other performance-based tests  [  60 , pp. 245–268;  61 , 
pp. 179–200]. Rather than the multi-station format featur-
ing brief simulated encounters, longer scenarios employ-
ing various simulations can form the basis for assessment 
of how individuals (or teams) behave during, say, an intra-
operative emergency or mass casualty incident. We will 
elaborate more on these methods in later sections of this 
chapter, and specialty-speci fi c chapters in the next section 
of the book will provide further details about uses of sim-
ulations for assessment in particular disciplines.   

   Clinical Observation or Work-Based 
Assessments 

 Clinical observational methods or work-based assess-
ments have in common that the evaluations are conducted 
under real-world conditions in the places where health 
professionals ordinarily practice, that is, on the ambu-
lance, in the emergency department or operating room or 
clinic exam room, on the hospital ward, etc. Provider 
interactions are with actual patients, rather than with SPs, 
and in authentic clinical environments. The idea here is to 
assess routine behaviors in the workplace (“in vivo,” if 
you will) as accurately as possible, rather than observing 
performance in arti fi cial (“in vitro”) exam settings, such 
as the stations of an OSCE or even during long cases. 
Consequently, such observations must be conducted as 
unobtrusively as possible, lest healthcare providers (or 
even the patients themselves) behave differently because 
of the presence of the observer/rater. Work-based evalua-
tion methods have only recently received increasing atten-
tion, largely due to growing calls from the public for 
better accountability of health professionals already in 
practice, some of whom have been found to be incompe-
tent despite having “passed” other traditional assessment 
methods during their training  [  49 , p. 8]. 

   Mini-Clinical Evaluation Exercise (Mini-CEX) 
 Examples of work-based assessment methods include the 
Mini-Clinical Evaluation Exercise (mini-CEX), which fea-
tures direct observation (usually by an attending physician, 
other supervisor, or faculty member) during an actual 
encounter of certain aspects of clinical skills (e.g., a focused 
history or physical exam), which are scored using behav-
iorally anchored rating scales. Because the assessment is 
brief (generally 15 minutes or so; hence the term “mini”), it 
can relatively easily be accomplished in the course of 

 routine work (e.g., during daily ward rounds) without 
signi fi cant disruption or need for special scheduling; also, 
because this method permits impromptu evaluation that is 
not “staged,” the clinical encounter is likely to be more 
authentic and, without the opportunity to rehearse, trainees 
are more likely to behave as they would if not being 
observed. The idea is that multiple observations over time 
permit adequate sampling of a range of different clinical 
skills, and use of a standardized marking scheme by trained 
raters allows measurements to be fairly reliable across many 
observers  [  46 , pp. 67–70;  62 , pp. 196–199;  63 , p. 339].  

   Direct Observation of Procedural Skills (DOPS) 
 Direct Observation of Procedural Skills (DOPS) is another 
method similar to the mini-CEX, this time with the 
domains of interest focused on practical procedures. Thus 
DOPS can assess aspects such as knowledge of indica-
tions for a given procedure, informed consent, and aseptic 
technique, in addition to technical ability to perform the 
procedure itself. Again, the observations are made during 
actual procedures carried out on real patients, with differ-
ent competencies scored using a standardized instrument 
generally consisting of global rating scales. For this and 
most other work-based methods based on brief observa-
tions, strong measurement properties only accrue over 
time with multiple samples across a broad range of skills. 
One challenge, however, is that evaluation of such techni-
cal competencies usually requires that expert raters con-
duct the assessments  [  46 , pp. 71–74].  

   360° Evaluations 
 By contrast, not all methods require that supervisory or 
other experienced staff carry out the observations. In fact, 
alternative and valuable perspectives can be gained by 
collecting data from others with whom a trainee interacts 
at work on a daily basis. Thus, peers, subordinate person-
nel (including students), nursing and ancillary healthcare 
providers, and even patients can provide evaluations of 
performance that are likely more accurate assessments of 
an individual’s true abilities and attitudes. A formal pro-
cess of accumulating and triangulating observations by 
multiple persons in the trainee’s/practitioner’s sphere of 
in fl uence comprises what is known as a 360° evaluation 
(also termed multisource feedback). Despite the fact that 
formal training seldom occurs on how to mark the rating 
instruments in these assessments, research has demon-
strated acceptable reliability of data obtained via 360° 
evaluations, and, although aggregation of observations 
from multiple sources can be time and labor intensive, 
this process signi fi cantly decreases the likelihood that 
individual biases will impact ratings in a systematic way 
 [  46 , pp. 82–85;  62 , p. 199;  64  ] .   
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   Miscellaneous Assessments 

   Patient, Peer, and Self-Assessments 

 This “miscellaneous” category includes a variety of eval-
uation methods that don’t  fi t neatly under any one of the 
previous headings. In some cases, this is an issue of 
semantics related to how we de fi ne certain groupings. 
For example, we include in the classi fi cation of clinical 
observation or work-based assessments only those meth-
odologies whereby data is collected on behaviors directly 
observed at the time of actual performance. On the other 
hand, if an assessment method yields information—albeit 
concerning real-world behaviors in the workplace—that 
is gathered indirectly or retrospectively, we list it here 
among other miscellaneous modalities. Therefore, as an 
example, patient satisfaction questionnaires completed 
immediately following a given clinic appointment that 
inquire about behaviors or attitudes the practitioner dem-
onstrated during that visit would be included among 
clinical observation methods, such as part of 360° evalu-
ations, whereas patient surveys conducted by phone or 
mail two weeks after a hospital admission—necessarily 
subject to recall and other potential biases—and based 
on impressions rather than observations would be 
grouped in the miscellaneous category. Similarly, peer 
assessments could be classi fi ed under more than one 
heading in our scheme. Self-assessments of performance, 
while they may have some utility for quality improve-
ment purposes, are seldom used as a basis for making 
high-stakes decisions. Such ratings are extremely subjec-
tive: Personality traits such as self-con fi dence may 
in fl uence evaluation of one’s own abilities, and research 
has demonstrated very poor correlation between self-
assessments and judgments based on more objective 
measurements  [  63 , pp. 338–339]. 

   Medical Record Audits and Chart-Stimulated 
Recall 
 Chart audit as the basis for assessing what a clinician does 
in practice is another method of evaluation that we could 
classify in different ways: Clearly this is an indirect type 
of work-based assessment, whereby notes and other doc-
umentation in the written or electronic medical record 
provide evidence of what practitioners actually do in car-
ing for their patients, but this can also represent a form of 
peer or self-assessment, depending on who conducts the 
audit. In any case, a signi fi cant challenge arises in choos-
ing appropriate criteria to evaluate. Medical record review 
is also a relatively time- and labor-intensive assessment 
method, whose measurement properties are ultimately 
dependent on the quality (including completeness, legi-

bility, and accuracy) of the original documentation  [  62 , p. 
197,  63 , pp. 337–338;  65 , pp. 60–67; 69–74]. 

 Chart-stimulated recall is a related assessment method 
based on review of medical records, which was pioneered 
by the American Board of Emergency Medicine as part of 
its certi fi cation exams and later adopted by other organi-
zations as a process for maintenance of certi fi cation. In 
this case, the charts of patients cared for by the candidate 
become the substrate for questioning during oral exami-
nation. Interviews focus retrospectively on a practitioner’s 
clinical judgment and decision-making, as re fl ected by 
the documentation in actual medical records, rather than 
by behaviors during a live patient encounter (as in tradi-
tional vivas or long cases). Chart-stimulated recall using 
just three to six medical records has demonstrated ade-
quate measurement properties to be used in high-stakes 
testing, but this exam format is nonetheless expensive and 
time consuming to implement  [  55 , p. 274,  65 , pp. 67–74; 
 66 , pp. 899, 905].  

   Logbooks and Portfolios 
 Logbooks represent another form of written record, 
usually employed to document number and types of 
patients/conditions seen or procedures performed by 
health professionals in the course of their training and/
or practice. Historically, “quota” systems relied on doc-
umentation in logs—formerly paper booklets and now-
adays frequently electronic  fi les—of achievement of a 
de fi ned target (for instance, number of central lines to 
be placed) to certify competence in a given area. These 
quotas were determined more often arbitrarily than 
based on evidence, and although some research sug-
gests that quality of care is associated with higher prac-
tice volume  [  63 , p. 337], other studies clearly show that 
experience alone (or “time in grade”) does not neces-
sarily equate with expertise  [  67  ] . Additional challenges 
exist in terms of the accuracy of information recorded, 
irrespective of whether logbooks are self-maintained or 
externally administered. As a result, few high-stakes 
assessment systems rely on data derived from logbooks 
per se; instead, they are ordinarily used to monitor 
learners’ achievement of milestones and progression 
through a program and to evaluate the equivalence of 
educational experiences across multiple training sites 
 [  46 , pp. 86–87;  63 , p. 338]. 

 The de fi nition of portfolios as a method of assessment 
varies somewhat according to different sources: Whether 
the term is used in the sense of “a compilation of ‘best’ 
work” or “a purposeful collection of materials to demon-
strate competence,” other professions (such as the  fi ne arts) 
have employed this evaluation method far longer than the 
health professions  [  68 , p. 86]. A distinguishing feature of 
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   Multidimensional Framework for Assessment 

 In further developing a model for thinking about assessment 
and choosing among various methods, we suggest consider-
ation of several dimensions of an evaluation system: (1) the 
outcomes that need to be assessed, (2) the levels of assess-
ment that are most appropriate, (3) the developmental stage 
of those undergoing assessment, and (4) the overall context, 
especially the purpose(s), of the assessment (see Fig.  11.1 ). 
We will explore each of these in turn.  

   Outcomes for Assessment 

 In keeping with the outcomes-based educational paradigm 
that we discussed earlier, we must  fi rst delineate what com-
petencies need to be assessed. We (the authors) are most 
familiar with the outcomes frameworks used in medical edu-
cation in our home countries (the USA and Canada), and we   Fig. 11.1    Multidimensional framework for assessment       

portfolios versus other assessment modalities is the involve-
ment of the evaluee in the choice of items to include; this 
affords a unique opportunity for self-assessment and 
re fl ection, as the individual typically provides a commen-
tary on the signi fi cance and reasons for inclusion of vari-
ous components of the portfolio. Many of the individual 
methods previously mentioned can become constituents of 
a portfolio. An advantage of this method, perhaps more 
than any other single “snapshot” assessment, is that it pro-
vides a record of progression over time. Although portfolio 
evaluations don’t readily lend themselves to traditional 
psychometric analysis, the accumulation of evidence and 
triangulation of data from multiple sources, although labo-
rious in terms of time and effort, tend to minimize limita-
tions of any one of the included assessment modalities. 
Nonetheless, signi fi cant challenges exist, including choice 
of content, outcomes to assess, and methods for scoring the 
portfolio overall  [  46 , pp. 88–89;  68 ,  69 , pp. 346–353;  70 ].       

   Rating Instruments and Scoring 

 We stated early on that this chapter’s scope would not 
encompass detailed discussion of various rating instru-
ments, which can be used with practically all of the meth-
ods described above to measure or judge examinee 
performances during an assessment. Reports of the devel-
opment and use of different checklists and rating scales 
abound, representing a veritable “alphabet soup” of instru-
ments known by clever acronyms such as RIME (Reporter-
Interpreter-Manager-Educator)  [  71  ] , ANTS (Anesthetists’ 

Non-Technical Skills)  [  72  ] , NOTSS (Non-Technical Skills 
for Surgeons)  [  72  ] , SPLINTS (Scrub Practitioners’ List of 
Intraoperative Non-Technical Skills)  [  72  ] , and others too 
numerous to count. Because development of such rating 
instruments should follow fairly rigorous procedures  [  73, 
  74  ] , which can be time and labor intensive, we realize that 
many readers would like a resource that would enable them 
to locate quickly and use various previously reported check-
lists or rating forms. Such a listing, however, would quickly 
become outdated. Moreover, once again we caution against 
using rating instruments “off the shelf” with the claim that 
they have been “previously validated”: although the com-
petency of interest may generally be the same, the process 
of validation is so critically dependent on context that the 
argument in support of decisions based on data derived 
from the same instrument must be repeated each time it is 
used under new/different circumstances (e.g., slightly dif-
ferent learner level, different number of raters, and different 
method of tallying points from the instrument). That said, 
the rigor with which validation needs to be carried out 
depends on the stakes of resulting assessment decisions, 
and tips are available for adapting existing rating instru-
ments to maximize the strength of the validity argument 
 [  62 , pp. 195–201]. Finally, it should be noted that we use 
rating instruments themselves only to capture observations 
and produce data; the manner in which we combine and 
utilize these data to derive scores and set standards, which 
we interpret to reach a  fi nal decision based on the assess-
ment, is another subject beyond the scope of this chapter, 
but we refer the interested reader to several sources of 
information on this and related topics  [  75–  77  ] .  
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will draw on these as examples for the discussion to follow. 
As previously mentioned, the ACGME outlines six general 
competencies: (1) patient care and procedural skills, (2) 
medical knowledge, (3) practice-based learning and improve-
ment, (4) interpersonal and communication skills, (5) profes-
sionalism, and (6) systems-based practice  [  19  ] . While 
differing slightly in number, there is signi fi cant overlap 
between the six ACGME competencies and the outcomes 
expected of specialist physicians, which the CanMEDS 
framework describes in terms of seven roles that doctors 
must integrate: the central role is that of (1) medical expert, 
but physicians must also draw on the competencies included 
in the roles of (2) communicator, (3) collaborator, (4) man-
ager, (5) health advocate, (6) scholar, and (7) professional to 
provide effective patient-centered care  [  18  ] . 

 Accordingly, one way to choose among assessment 
modalities is to align various methods with the outcomes to 
be assessed. For example, when they elaborated the six gen-
eral competencies (and a further number of “required skills” 
within each of these domains), the ACGME also provided a 
“Toolbox of Assessment Methods” with “suggested best 
methods for evaluation” of various outcomes  [  78  ] . This doc-
ument lists thirteen methodologies—all of which were 
described in the corresponding section of this chapter (see 
 Box )—and details strengths and limitations of each assess-
ment technique. The metaphor of a “toolbox” is apt: a car-
penter often has more than one tool at his disposal, but some 
are better suited than others for the task at hand. For exam-
ple, he might be able to drive a nail into a piece of wood by 
striking it enough times with the handle of a screwdriver or 

the end of a heavy wrench, but this would likely require more 
time and energy than if he had used the purpose-built ham-
mer. Similarly, while 360° evaluations are “a potentially 
applicable method” to evaluate “knowledge and application 
of basic sciences” (under the general competency of “medi-
cal knowledge”), it is fairly intuitive that MCQs and other 
written test formats are “the most desirable” to assess this 
outcomes area, owing to greater ef fi ciency, robust measure-
ment properties, etc. Table  11.2  provides an excerpt from the 
ACGME Toolbox showing suggested methods to evaluate 
various competencies, including some of the newer domains 
(“practice-based learning and improvement” and “systems-
based practice”) that are not straightforward to understand 
conceptually and, therefore, have proven dif fi cult to assess 
 [  79  ]  (see Table  11.2 ).  

 In similar fashion, when the Royal College of Physicians 
and Surgeons of Canada described several “key” as well as 
other “enabling” competencies within each of the CanMEDS 
roles, they provided an “Assessment Tools Handbook,” 
which lists important methods for assessing these competen-
cies  [  80  ] . Just like the ACGME Toolbox, this document 
describes strengths and limitations of contemporary assess-
ment techniques and ranks various tools according to how 
many of the outcomes within a given CanMEDS role they 
are appropriate to evaluate. For example, within this frame-
work, written tests are deemed “well suited to assessing 
many of the [medical expert] role’s key competencies” but 
only “suited to assessing very speci fi c competencies within 
the [communicator] role.” We could situate any of these sets 
of outcomes along one axis in our assessment model, but for 

   Table 11.2    ACGME competencies and suggested best methods for assessment   

 Competency  Required skills  Suggested assessment methods a  

 Patient care and procedural skills  Caring and respectful behaviors   SPs , patient surveys (1) 
 Interviewing  OSCE (1) 
 Informed decision-making  Chart-stimulated recall (1), oral exams (2) 
 Develop/carry out patient management plans  Chart-stimulated recall (1),  simulations  (2) 
 Preventive health services  Medical record audits (1), logbooks (2) 
 Performance of routine physical exam   SPs , OSCE (1) 
 Performance of medical procedures   Simulations  (1) 
 Work within a team  360° evaluations (1) 

 Medical knowledge  Investigatory and analytic thinking  Chart-stimulated recall, oral exams (1),  simulations  (2) 
 Knowledge and application of basic sciences  MCQ written tests (1),  simulations  (2) 

 Practice-based learning and 
improvement 

 Analyze own practice for needed improvements  Portfolios (1),  simulations  (3) 
 Use of evidence from scienti fi c studies  Medical record audits, MCQ/oral exams (1) 
 Use of information technology  360° evaluations (1) 

 Interpersonal and communication 
skills 

 Creation of therapeutic relationship with patients   SPs , OSCE, patient surveys (1) 
 Listening skills   SPs , OSCE, patient surveys (1) 

 Professionalism  Respectful, altruistic  Patient surveys (1) 
 Ethically sound practice  360° evaluations (1),  simulations  (2) 

 Systems-based practice  Knowledge of practice and delivery systems  MCQ written tests (1) 
 Practice cost-effective care  360° evaluations (1) 

   a Based on ACGME Toolbox of Assessment Methods  [  78  ]  
  1  the most desirable,  2  the next best method,  3  a potentially applicable method  
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illustrative purposes, we have distilled various core compe-
tencies into three categories that encompass all cognitive 
(“knowledge”), psychomotor (“skills”), and affective (“atti-
tudes”) domains (see Fig.  11.1 ).  

   Levels of Assessment 

 The next dimension we should consider is the level of assess-
ment within any of the speci fi ed areas of competence. George 
Miller offered an extremely useful model for thinking about 
the assessment of learners at four different levels:
1.  Knows —recall of basic facts, principles, and theories. 
2.  Knows how —ability to apply knowledge to solve prob-

lems, make decisions, or describe procedures. 
3.  Shows how —demonstration of skills or hands-on perfor-

mance of procedures in a controlled or supervised setting. 
4.  Does —actual behavior in clinical practice  [  42  ] . 

 This framework is now very widely cited, likely because 
the description of and distinction between levels are highly 
intuitive and consistent with most healthcare educators’ expe-
rience: we all know trainees who “can talk the talk but can’t 
walk the walk.” Conceptualized as a pyramid, Miller’s model 
depicts knowledge as the base or foundation upon which 
more complex learning builds and without which all higher 
achievement is unattainable; for example, a doctor will be ill 
equipped to “know how” to make clinical decisions without a 
solid knowledge base. The same is true moving further up the 
levels of the pyramid: students cannot possibly “show how” if 
they don’t  fi rst “know how”, and so on. Conversely, factual 
knowledge is necessary but not suf fi cient to function as a 
competent clinician; ability to apply this knowledge to solve 
problems, for example, is also required. Similarly, it’s one 
thing to describe (“know how”) one would, say, differentiate 
among systolic murmurs, but it’s another thing altogether to 
actually perform a cardiac examination including various 
maneuvers (“show how”) to make the correct diagnosis based 
on detection and proper identi fi cation of auscultatory  fi ndings. 
Of course, we always wonder if our trainees perform their 
physical exams using textbook technique or carry out proce-
dures observing scrupulous sterile precautions (as they usu-
ally do when we’re standing there with a clipboard and rating 
form in hand) when they’re on their own in the middle of the 
night, with no one looking over their shoulder. This—what a 
health professional “does” in actual practice, under real-life 
circumstances (not during a scenario in the simulation lab)—
is the pinnacle of the pyramid, what we’re most interested to 
capture accurately with our assessments. 

 Although termed “Miller’s pyramid,” his original con-
struct was in fact a (two-dimensional) triangle, which we 
have adapted to our multidimensional framework by depict-
ing the levels of assessment along an axis perpendicular to 
the outcomes being assessed (see Fig.  11.1 ). Each (vertical) 

“slice” representing various areas of competence graphically 
intersects the four (horizontal) levels. Thus, we can envision 
a case example that focuses on the “skills” domain, wherein 
assessment is possible at any of Miller’s levels:
    1.     Knows —a resident can identify relevant anatomic land-

marks of the head and neck (written test with matching 
items), can list the contents of a central line kit (written 
test with MCQ items or  fi ll in the blanks), and can explain 
the principles of physics underlying ultrasonography 
(written test with essay questions).  

    2.     Knows how —a resident can describe the detailed steps for 
ultrasound-guided central venous catheter (CVC) inser-
tion into the internal jugular (IJ) vein (oral exam).  

    3.     Shows how —a resident can perform ultrasound-guided 
CVC insertion into the IJ on a mannequin (checklist 
marked by a trained rater observing the procedure in the 
simulation lab).  

    4.     Does —a resident performs unsupervised CVC insertion 
when on call in the intensive care unit (medical record 
audit, logbook review, or 360° evaluation including feed-
back from attendings, fellow residents, and nursing staff 
in the ICU).     
 Choice of the most appropriate evaluation methods (as in 

this example) should aim to achieve the closest possible align-
ment with the level of assessment required. It is no accident, 
therefore, that the various categories of assessment methods 
we presented earlier generally correspond to the different lev-
els of Miller’s pyramid  [  46 , pp. 22–24;  48 , pp. 2–5 ] : written 
and oral assessments can ef fi ciently measure outcomes at the 
“knows” and “knows how” levels, while performance-based 
assessments are most appropriate at the “shows how” level, 
and clinical observation or work-based and other miscella-
neous assessment methods are best suited to evaluating what a 
clinician “does” in actual practice (see Table  11.3 ). Of course, 
because of the hierarchical nature of Miller’s scheme, methods 
that work for assessment at the upper levels can also be uti-
lized to evaluate more fundamental competencies; for instance, 
360° evaluations (directly) and chart-stimulated recall (indi-
rectly) assess real-world behaviors, but they are also effective 
(albeit, perhaps, less ef fi cient) methods to gauge acquisition 
and application of knowledge. In addition, the interaction 
between these two dimensions—outcomes of interest and lev-
els of assessment—describes a smaller set of evaluation tools 
that are best suited to the task. For this reason, although mul-
tiple techniques might have applications for assessment of a 
given ACGME competency, the Toolbox suggests relatively 
few as “the most desirable” methods of choice   [  78  ] .   

   Stages of Development 

 As any doctor who has been educated in North America—
where the period of training between  fi nishing high school 



15111 Competency Assessment

and beginning independent clinical practice is, at minimum, 
seven years and, much more commonly, eleven to fourteen 
years—can attest, acquisition of the knowledge, skills, and 
attitudes required to become a competent (much less an 
expert) health professional is not accomplished overnight! 
The notion of “ lifelong  learning” has almost become trite, 
yet it has signi fi cant implications for the entire educational 
process, including any assessment system: just as styles of 
learning (and, therefore, of teaching) should evolve across 
the continuum of educational levels, so, too, methods of 
assessment must change according to an individual’s devel-
opmental stage  [  49 , pp. 5–6]. 

 One way to describe the formational steps to becoming a 
health professional is simply in terms of training phases: 
using physician education as an example, one progresses 
from medical student to resident to practicing doctor. We can 
even subdivide these periods of training: within undergradu-
ate curricula, there is generally an early/preclinical phase 
followed by a later/clinical phase, and in graduate medical 
education programs, there is internship, then residency, fol-
lowed by fellowship. Expectations for what competencies 
should be achieved at particular training levels differ, and 
methods to assess these outcomes should vary accordingly. 
For instance, we would expect a  fi rst-year medical student 
(MS-1) who has just completed one month of the gross anat-
omy and pathology courses to be able to identify the gall 
bladder and relevant structures in the right upper quadrant of 
the abdomen, but not to be able to perform surgery to remove 
them. Therefore, it would be appropriate to test MS-1 stu-
dents using a written exam requiring them to match photos of 
anatomic specimens with a corresponding list of names or a 
laboratory practical exam requiring them to identify (either 
in writing or orally) tagged structures in their dissections. On 

the other hand, we would expect a fourth postgraduate year 
(PGY-4) general surgery resident to be able not only to mas-
ter the competencies (and “ace” the exams) mentioned above 
but also to be able to perform laparoscopic cholecystectomy, 
as assessed either on a virtual reality simulator or by direct 
observation in the operating room. Of course, there is an 
assumption that merely spending a certain amount of time in 
training will result in the acquisition of certain knowledge, 
skills, and attitudes, when, in fact, as previously mentioned, 
we often  fi nd this not to be true  [  67  ] . Such a notion, based as 
it is on educational  process  variables (phase of training or 
“time in grade”), runs completely countercurrent to the 
whole  outcomes -based model. 

 Other templates for describing stages of development of 
health professions trainees have been proposed. For example, 
the “RIME” scheme  [  81  ]  originated to evaluate medical stu-
dents and residents during internal medicine training in the 
USA but has since been used more broadly across medical 
specialties. This framework assesses trainees with a focus on 
their achievement of developmental milestones as de fi ned 
by observable behaviors:  Reporter —reliably gathers infor-
mation from patients and communicates with faculty (can 
answer the “what” questions).    Interpreter —demonstrates 
selectivity and prioritization in reporting, which implies 
analysis, and develops reasonable differential diagnosis 
(can answer the “why” questions).  Manager —actively par-
ticipates in diagnostic and treatment decisions for patients 
(can answer the “how” questions).  Educator —demonstrates 
self-re fl ection and self-education to acquire greater exper-
tise, which is shared with patients and colleagues toward 
common goal of continuous improvement  [  71  ] . Using a 
different model, the Royal College of Obstetricians and 
Gynecologists (RCOG) in the UK assesses trainees’ 

   Table 11.3    Levels of assessment and corresponding assessment methods   

 Level of assessment a   Assessment category  Example(s) 

 Does  Clinical observation or work-based assessments  Mini-Clinical Evaluation Exercise (mini-CEX) 
 Direct Observation of Procedural Skills (DOPS) 
 360° evaluations (multisource feedback) 

 Miscellaneous assessments  Patient surveys, peer and self-assessments 
 Medical record audits and chart-stimulated recall 
 Logbooks and portfolios 

 Shows how  Performance-based assessments  Long and short cases 
 Objective Structured Clinical Examinations (OSCE) 
 Simulation-based assessments 

 Knows how  Written and oral assessments  Fill-in-the-blank items 
 Long and short essay questions 
 Oral exams/vivas 

 Knows  Written and oral assessments  Multiple-choice questions (MCQ) 
 Matching and extended matching items 
 True-false and multiple true-false items 
 Oral exams/vivas 

   a Based on Miller’s pyramid framework  [  42  ]   
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achievement of competency “targets” as they pro gress 
through different stages based on the degree of supervi-
sion required: level 1— observes ; Level 2— assists ; Level 
3— direct supervision ; Level 4— indirect supervision ; and 
Level 5— independent   [  82  ] . 

 An alternative model of skill acquisition that is generally 
applicable to the developmental progress of any learners, not 
just health professionals, was proposed by the Dreyfus broth-
ers in terms of  fi ve stages with corresponding mental 
frames:
    1.     Novice —the learner shows “rigid adherence to taught 

rules or plans” but does not exercise “discretionary 
judgment.”  

    2.     Advanced beginner —the learner begins to show limited 
“situational perception” but treats all aspects of work sep-
arately and with equal importance.  

    3.     Competent —the learner can “cope with crowdedness” 
(multiple tasks and accumulation of information), shows 
some perception of actions in relation to longer-term 
goals and plans deliberately to achieve them, and formu-
lates routines.  

    4.     Pro fi cient —the learner develops holistic view of situation 
and prioritizes importance of aspects, “perceives devia-
tions from the normal pattern,” and employs maxims for 
guidance with meanings that adapt to the situation at 
hand.  

    5.     Expert —transcends reliance on rules, guidelines, and 
maxims; shows “intuitive grasp of situations based on 
deep, tacit understanding”; and returns to “analytical 
approaches” only in new situations or when unanticipated 
problems arise  [  83  ] .     
 Again according to this model, individuals at each stage 

learn in different ways. Curriculum planning, therefore, 
should attempt to accommodate these various learning styles 
by including different instructional methods at distinct stages 
of training; the corollary of this proposition is that assess-
ment methodologies should change in corresponding fashion 
 [  49 , pp. 5–6]. Thus, there is a progression according to devel-
opmental stage (graphically illustrated as a color gradient) 
within a given competency as well as within a given assess-
ment level, adding another dimension to our evaluation sys-
tem framework (see Fig.  11.1 ).  

   Assessment Context 

 Other sources have suggested a three-dimensional model 
such as forms the core of our assessment framework thus far 
 [  49 , pp. 3–6]. We feel, however, that additional dimensions 
merit close attention. In particular, as we have emphasized 
when discussing the concepts of validity and feasibility, con-
sideration of the larger setting in which an assessment takes 
place is of vital importance, including interrelated factors 

such as the outcomes framework employed, geographic loca-
tion, and availability (or paucity) of resources. As stated ear-
lier, perhaps the most crucial contextual element is the 
purpose of the test. The possible reasons for conducting any 
assessment are manifold. Most important in the outcomes-
based model is determination of whether prespeci fi ed learn-
ing objectives have been accomplished. Moreover, such 
measurement of educational outcomes not only identi fi es 
individuals whose achievements overall meet (or do not 
meet) minimum standards of acceptable performance (sum-
mative assessment) but also elucidates particular areas of 
weakness with an eye toward remediation and quality 
improvement (formative assessment). Note once more that 
Barrows and Abrahamson referred to each of these different 
purposes of assessment strategies: in addition to curriculum 
or program evaluation (“…to determine the effectiveness of 
teaching methods…”)—not our particular focus here—they 
also allude to both formative assessment (“…to recognize 
individual student dif fi culties so that assistance may be 
offered…”) and summative assessment (“…to provide the 
basis for a reasonably satisfactory appraisal of student per-
formance”)  [  6  ] . Although they were speaking about evalua-
tion of competency in the context of an undergraduate 
medical clerkship, such discussion applies broadly across the 
continuum of educational levels and multiple health profes-
sions. Unlike some of the other parameters we have discussed 
in our assessment framework, however, there is no clear 
demarcation between what constitutes a summative versus a 
formative assessment: even high-stakes examinations con-
ducted mainly for summative purposes, such as for profes-
sional licensure or board certi fi cation, provide some feedback 
to examinees (such as subsection scores) that can be used to 
improve future performance, and, therefore, serve a forma-
tive purpose as well. Although often described as opposing 
forces in assessment, the distinction between summative and 
formative evaluations is somewhat arbitrary. In fact, more 
recently the terminology has evolved and the literature refers 
to “assessment  of  learning” (rather than summative assess-
ment) and “assessment  for  learning” (meaning formative 
assessment), with a keen awareness that the two purposes are 
inextricably intertwined. 

 Similarly, there is no absolute de fi nition of what consti-
tutes a high-stakes assessment versus medium or low stakes: 
to the extent that performance in a single simulation scenario 
(generally considered low stakes) might ultimately steer a 
student toward specialization in a particular area, the 
rami fi cations to future patients for whom that individual 
cares may be very important. Because there is no clear divid-
ing line between such “poles”—the boundaries are blurred, 
as opposed to more linear demarcations within the three 
other core dimensions of our model as constructed thus 
far—we have chosen to depict this fourth dimension of our 
assessment framework as a sphere (or concentric spheres), 
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which graphically represents the contextual layers that sur-
round any assessment (see Fig.  11.1 ).   

   Simulation-Based Assessment in Context 

 Now where does simulation-based assessment  fi t into all of 
this? The discussion heretofore has elaborated a broad frame-
work for thinking generally about the evaluation of clinical 
competence and for choosing the best assessment methods 
for a given purpose, but we have said relatively little about 
speci fi c applications of simulation in this setting. In preced-
ing sections, we emphasized the importance of examining 
contextual relationships, of situating a given idea, concept, 
or method against the wider backdrop. This is, ultimately, a 
book about simulation, so why did the editors choose to con-
clude the introduction and overview section with two chap-
ters devoted to the topic of assessment? In that context, the 
 fi nal part of this chapter will explore (1) how trends in the 
use of simulation for assessment purposes follow the overall 
movement toward simulation-based education in the health 
professions and (2) the particular role of simulation-based 
methods for the evaluation of competence within our out-
comes-based model. 

   Drivers of Change Toward Simulation-Based 
Education 

 As already mentioned, seminal publications about healthcare 
simulation date as far back as the 1960s, but it is only in the 
last decade or two that health professions educators world-
wide have embraced simulation methods and dramatically 
increased their use not only for teaching but also for assess-
ment. This represents a fundamental paradigm shift from the 
traditional focus on real patients for training as well as test-
ing. Earlier chapters of this book trace the history of health-
care simulation and describe some of the drivers behind these 
recent trends, especially the uses of simulation for  teaching 
and learning , but many of the same forces have shaped the 
evolution of simulation-based  assessment  over the same 
period. 

   Changes in Healthcare Delivery and Academic 
Medicine 
 For example, managed care has led to higher volumes but 
shorter appointment times for outpatient visits (including 
patients with conditions for which inpatient treatment was 
previously the norm) and higher acuity of illnesses but 
shorter hospital stays for patients who are admitted. Together 
with recent restrictions on trainee work hours, pressures on 
faculty to increase clinical service and research productivity 
have negatively impacted the time they have available to 

spend with their students  [  84,   85  ] . In the aggregate, these 
changes have dramatically altered the educational landscape 
at academic medical centers, but what is most often discussed 
is the resulting reduction in learning opportunities with actual 
patients; less often considered is how such changes also limit 
occasions for assessment of trainees’ or practitioners’ skills, 
especially their behaviors in the real-world setting (i.e., at the 
“shows how” and “does” levels in Miller’s scheme). Thus, in 
addition to their psychometric shortcomings, traditional 
assessment methods featuring live patient encounters (such 
as the long case) nowadays face the extra challenge of 
decreased patient availability as the substrate for clinical 
examinations. 

 Such limitations likewise impact more recently developed 
assessment methods: undoubtedly, many of us know the 
experience of arriving with a trainee to conduct a mini-CEX, 
only to  fi nd the patient that was intended for examination out 
of the room to undergo some diagnostic test or treatment. At 
other times, patients may be too ill, become embarrassed or 
fatigued, or otherwise behave too unpredictably to be suit-
able for testing situations, especially if multiple examinees 
are involved or if very high reliability is required. These 
problems underscore how opportunistic the educational and 
assessment process becomes when dependent on  fi nding real 
patients with speci fi c conditions of interest. Simulations, by 
contrast, can be readily available at any time and can repro-
duce a wide variety of clinical conditions and situations on 
demand and with great consistency across many examinees, 
thereby providing standardized assessments for all  [  86  ] .  

   Technological Developments 
 Advances in technology, especially computers, have trans-
formed the educational environment across all disciplines. 
Regarding assessment, in particular, the advent of computing 
technology  fi rst facilitated (via optical scanning machines 
and computerized scoring) the widespread implementation 
of MCQ exams and, more recently, creation of test items 
with multimedia content for MCQs and other written for-
mats, which examinees answer directly on the computer 
rather than taking traditional paper-and-pencil tests. 
Signi fi cant advantages of this method of exam delivery 
include improved ef fi ciency and security, faster grading and 
reporting of scores, and easier application of psychometrics 
for test item analysis. Additionally, arti fi cial intelligence 
programs permit natural language processing—to analyze 
and score exams with constructed-response item formats—as 
well as adaptive testing, whereby sequential questions posed 
to a particular examinee are chosen based on how that indi-
vidual answered previous items, probing and focusing on 
potential gaps in knowledge rather than on content the exam-
inee has evidently mastered. Such adaptive testing makes 
estimation of examinee pro fi ciency more precise and more 
ef fi cient. Computerized testing also allows use of interactive 
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item formats to assess clinical judgment and decision- making 
skills: examinees are presented patient cases and asked to 
gather data and formulate diagnostic and treatment plans; the 
computer cases unfold dynamically and provide programmed 
responses to requested information, on which examinees 
must base ongoing decisions; and these scenarios can also 
incorporate the element of time passing. Thus, some types of 
computer-based cases are simulations in the broadest sense 
and reproduce (more realistically than traditional paper-and-
pencil patient management problems) tasks requiring the 
kinds of judgments and decisions that clinicians must make 
in actual practice  [  87  ] . 

 Other advances in engineering and computer technolo-
gy—including increased processor speeds and memory 
capacity, decreased size, improved graphics, and 3-D render-
ing—have led to development of virtual reality (VR) simula-
tors with highly realistic sound and visual stimuli; 
incorporation of haptic (i.e., touch and pressure feedback) 
technologies has improved the tactile experience as well, 
creating devices especially well suited to simulating (and to 
assessing) the skills required to use some of the newer diag-
nostic and treatment modalities, particularly endoscopic, 
endovascular, and other minimally invasive procedures.  

   Patient Safety and Other Considerations 
 The chapters preceding this one discuss the topic of simula-
tion-based training of healthcare practitioners to manage 
rare/critical incidents and to work effectively in teams  [  88  ] , 
and they also highlight important related issues concerning 
patient safety  [  89,   90  ] . Such analysis inevitably leads to 
comparisons with other professions operating in high-risk 
performance environments  [  91–  93  ] , especially commercial 
aviation. No argument in favor of simulation-based training 
in crisis resource management is more compelling than 
images of US Airways Flight 1549  fl oating in the Hudson 
River  [  94  ] ! When that dramatic tale is recounted—often 
crediting Captain Chesley B. “Sully” Sullenberger’s quick 
thinking and calm handling of the situation to his pilot train-
ing—reports usually emphasize the use of simulations to 
 teach  aircrew how to handle emergencies like the bird strike 
that disabled both engines on that aircraft. Far less often 
mentioned, however, is the fact that simulation-based  assess-
ment  is also a fundamental component of aviation training 
programs: pilots do not earn their quali fi cations to  fl y an air-
plane until they “pass” numerous tests of their competence to 
do so. Interestingly, even the terminology used—to be “ rated  
in the 767 and 777” means to be deemed competent to  fl y 
those particular types of aircraft—indicates how central the 
evaluation or assessment process is to aviation training. 

 Yet, obviously, aeronautics instructors cannot stop to 
teach proper protocols during an actual in- fl ight emergency 
nor can they wait for a real catastrophic engine failure to 
occur to evaluate crew skills in responding to such an 

 incident. There are no “time-outs” during a plane crash! 
Simulations, on the other hand, allow instructors to take 
advantage of “teachable moments”  and  afford opportunities 
to assess the competence of trainees, all without risk of harm. 
The situation is completely analogous in the health profes-
sions: even if we could predict when it would happen, we 
usually wouldn’t pause to pull out clipboards and rating 
forms to evaluate nurse/physician team skills in the middle 
of a real “code blue.” Simulations, on the other hand, permit 
assessment in a safe, controlled environment, where the 
experience becomes appropriately learner centered, instead 
of focused on the well-being of the patient, as is required in 
actual clinical settings. 

 Closely related to these safety issues are important ethi-
cal concerns about “using” real patients (even SPs) for 
teaching or testing purposes, with the debate focused espe-
cially on settings that involve sensitive tasks (e.g., male and 
female genital examination) or the potential for harm (e.g., 
invasive procedures). For instance, although it would be 
most realistic to assess intubation skills of medical students 
or anesthesiology interns during live cases in the operating 
room, is it ethical to allow novices to perform such proce-
dures on real patients—whether for training or assessment 
purposes—when mistakes could jeopardize patients’ 
health? Using cadavers or animals as substitutes for live 
humans raises other ethical questions, with animal welfare 
issues in particular receiving much public scrutiny, and 
these also lack a certain degree of authenticity. Alternatively, 
employing simulators—such as some of the computer-
enhanced mannequins that have highly realistic airway 
anatomy as well as programmable physiologic responses—
to assess invasive procedural skills circumvents many of 
these obstacles.   

   Curriculum Integration and Alignment 

 Therefore, in healthcare, just as in aviation, simulation-based 
assessment should become every bit as important as simula-
tion-based teaching and learning. These facets of simulation 
are inextricably bound in the training environment, such that 
everyone involved in  fl ying expects not only that they will 
learn and practice in  fl ight simulators or other simulation 
scenarios, but also that they will undergo regular skills test-
ing, not just during their initial training and certi fi cation but 
also during periodic reassessments that are routine and ongo-
ing throughout one’s career. It is in this way that aviation has 
developed a safety-oriented culture and maintained its 
remarkable record of safe  fl ying over many decades. Pointing 
to this example and striving to achieve similar results in our 
provision of healthcare, specialties such as anesthesiology, 
critical care, and emergency medicine have led the patient 
safety movement, making it one of the most important  factors 
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in fl uencing the increased use of simulations for health pro-
fessional education over the past few decades. 

 Along similar lines, as the chapter immediately preceding 
this one emphasized, we in the health professions need to 
integrate simulation within our systems of education  and  
practice. Research has shown that, in order to maximize their 
educational effect, simulation activities shouldn’t be optional 
or “just for fun”; systematic reviews have identi fi ed integra-
tion of simulation within the curriculum as one of the fea-
tures most frequently reported in studies that demonstrate 
positive learning outcomes from simulation-based education 
 [  1–  3  ] . Such curricular integration is best accomplished when 
a master plan or “blueprint” identi fi es and aligns desired 
learning outcomes with instructional and assessment meth-
ods. Notice once again that the speci fi cation of expected out-
comes is the  fi rst step in the curriculum planning process! 
Especially when it comes to simulation-based methods, all 
too often the process begins with the available technology: 
“We bought this simulator (because we had ‘use it or lose it 
funds’), now let’s see what we can teach/test with it.” This 
proverbial “cart before the horse” mentality often leads to 
misalignment between purpose and methods and, in the area 
of assessment, to major threats to the validity of decisions 
based on evaluation results. 

   Simulation-Based Methods Within the Assessment 
Framework 
 As suggested when we introduced our assessment frame-
work, the choice of best methods from among the numerous 
tools available for a given evaluation can be guided by align-
ing different testing modalities (see Table  11.1 ) along multi-
ple dimensions of an assessment system (see Fig.  11.1 ).  

   Outcomes for Assessment 
 Therefore, starting with the competencies to be assessed, 
simulations—taken in the broadest sense, running the gamut 
from written patient management problems and computer-
ized clinical case simulations to SPs, and from task trainers 
and mannequins to virtual reality devices—can be employed 
to evaluate almost any outcomes. Among these various 
domains, however, simulations seem best suited to assess 
a wide range of “skills” and “attitudes,” although certainly 
they also have applications in the evaluation of “knowledge.” 
   For example, in the course of testing a resident’s ability 
to perform chest compressions (a psychomotor skill) on a 
mannequin and to work as part of a team (a nontechnical 
skill) during a simulated cardiac arrest, we can also glean 
information about knowledge of current basic life support 
algorithms, proper number and depth of chest compressions, 
etc.; requiring that the resident also delivers bad news to a 
confederate SP in the scenario—“despite attempted resusci-
tation, your loved one has died”—facilitates assessment of 
additional skills (interpersonal communication) as well as 

aspects of  professionalism (respectful attitudes). According 
to the ACGME Toolbox of Assessment Methods, a consensus 
of evaluation experts rated simulations “the most desirable” 
modalities to assess those of the six general competencies 
that primarily encompass clinical skills domains (“patient 
care and procedural skills” and “interpersonal and commu-
nication skills”), whereas simulations were “the next best 
method” to gauge “professionalism” and only “a potentially 
applicable” technique to evaluate areas of “practice-based 
learning and improvement”  [  78  ]  (see Table  11.2 ). 

 Looking alternatively at the assessment of competencies 
delineated in the CanMEDS framework, simulations earned 
the highest rating (“well suited to assessing  many  of the 
role’s key competencies”) for the “medical expert” and “col-
laborator” roles and were thought to be “well suited to assess-
ing  some  of the role’s key competencies” for the “manager” 
and “professional” roles  [  80  ] . For instance, use of high-
 fi delity human patient simulators to evaluate anesthesiology 
residents’ crisis resource management (CRM) skills affords 
opportunities to test aspects not only of the central “medical 
expert” role, but also of the “manager,” “communicator,” and 
“professional” roles  [  95  ] . Again, although it is clear in this 
example that various cognitive domains could also be evalu-
ated by means of simulation, technical skills and affective 
attributes seem most amenable to measurement using these 
techniques. In other words, simulation-based methods are 
often the best tools for “nailing” assessments of psychomo-
tor as well as nontechnical clinical skills. Extending the met-
aphor, however, provides a cautionary reminder in the 
expression: “Give a kid a hammer…” Lest everything start to 
look like a nail, advocates of simulation strategies must 
remain mindful of the fact that they are not the optimal solu-
tion for every assessment problem!  

   Levels of Assessment 
 We can also approach the choice of testing methods from the 
perspective of assessment levels by matching different 
modalities with corresponding tiers in Miller’s scheme (see 
Table  11.3 ). Inspection of Table  11.3  reveals that simulation 
methods are among the performance-based assessment tools 
most appropriate for evaluation at the “shows how” level 
within any of the outcomes domains. Again, because the 
construct of the Miller model is such that one level necessar-
ily builds upon those below, methods well suited for testing 
competencies at this performance level often yield informa-
tion about more basic levels as well; thus, in addition to 
assessing ability to demonstrate a focused physical (say, pul-
monary) exam, simulations (such as SPs or pulmonary task 
trainers) can be employed to gauge fund of knowledge (about 
lung anatomy) and clinical reasoning (using exam  fi ndings to 
narrow the differential diagnosis for a complaint of dyspnea). 
On the other hand, simulation methods may not be as ef fi cient 
or possess as strong psychometric properties across a wider 
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range of content at the “knows” and “knows how” levels as, 
for example, written tests consisting of numerous MCQs and 
matching items. Furthermore, the converse proposition is 
rarely true: although written and oral assessments are the 
preferred methods to evaluate what someone knows, they are 
not appropriate for formal demonstration of what individuals 
can actually do. Thus, it makes little sense (despite long-
standing custom) to assess the capability to perform a proce-
dure by  talking  about it (as in oral board exams for certi fi cation 
in some surgical specialties). 

 The brief examination stations of an OSCE form one of 
the most common settings in which we  fi nd simulations 
employed for performance-based evaluations; in various sta-
tions, examinees must demonstrate their ability to carry out 
de fi ned tasks via interaction with SPs, task trainers, or man-
nequins. Obviously, use of simulations in this context ordi-
narily restricts the level of assessment (to the “shows how” 
or lower tiers) in Miller’s model—since examinees are aware 
that the clinical encounter is a simulation, they might behave 
differently than they would under real-world conditions—
but creative work using other forms of simulation, such as 
“incognito SPs,” can also allow us to assess what a health 
professional “does” in actual practice  [  96–  98  ] . Akin to using 
“secret shoppers” to evaluate the customer service skills of 
retail employees, incognito or “stealth” SPs present, for 
example, in the clinic or emergency department to providers 
who are unaware that the encounter is, in fact, a simulation, 
thereby affording rare opportunities for assessment at the 
highest level of multiple competencies, including authentic 
behaviors and attitudes that are otherwise very dif fi cult to 
evaluate. 

 In trying to choose the best evaluation methods for a given 
purpose, we have thus far considered different dimensions of 
our framework separately; that is, we have tried to match 
various assessment tools with either the outcomes being 
assessed  or  the level of assessment. It stands to reason, how-
ever, that the optimal method(s) will be found where these 
constructs intersect. A Venn diagram, as a two-dimensional 
representation of this exercise in logic, would indicate that 
the best uses of simulation-based methods are for assessment 
of psychomotor (i.e., clinical or procedural) skills and non-
technical (i.e., affective or attitude) competencies at the 
“shows” how level.  

   Stages of Development 
 Alternatively, we can depict this graphically using our multi-
dimensional framework and revisit the toolbox metaphor 
once again: numerous evaluation methods are the tools con-
tained in different compartments of the toolbox, which are 
organized in columns according to outcomes and in rows 
corresponding to assessment levels. Having already deter-
mined the best place to keep simulation methods (see 
Fig.  11.2 ), we must still decide which tools among several 

available in those “drawers” are best suited to assess learners 
at different developmental stages.  

 For example, simulations with varying degrees of  fi delity 
are more or less appropriate for novices versus experts. 
Breaking down complex skills into component parts makes it 
easier for beginning learners to focus on one task at a time 
and master sequential elements. Simulations with low to 
medium physical and psychological  fi delity (such as an intu-
bation task trainer consisting only of a head, neck, and 
in fl atable lungs) present manageable levels of cognitive load 
for novices, whereas this group may become overwhelmed 
by trying to learn the task of endotracheal intubation during 
a full-blown scenario consisting of a multifunctional human 
patient simulator in a realistic operating room (OR) setting 
with numerous participants including SPs playing the role of 
various OR staff. Choosing the right rating instruments to 
use in simulation-based assessments should also involve 
consideration of level of training. To be con fi dent that begin-
ners have learned the systematic process needed to perform 
certain procedures, we typically use checklists of action 
items that are important to demonstrate. 

 By contrast, advanced trainees or experienced practitio-
ners develop a more holistic approach to clinical problem 
solving and learn which steps they can skip while still reli-
ably arriving at the correct conclusion. Thus, they some-
times score lower than beginners on checklist-based 
assessments  [  99  ] . Global ratings using behaviorally anchored 
scales are probably more appropriate instruments to use 
when evaluating this group. In addition, the arti fi ciality of 
lower  fi delity simulations weakens the extrapolation com-
ponent of the argument and may threaten the validity of 

  Fig. 11.2    Use of simulation-based methods within a multidimensional 
framework for assessment       
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decisions based on such assessment of performance by 
experts. High- fi delity simulations, on the other hand, such 
as hybrids combining SPs with task trainers  [  100  ]  more 
realistically imitate actual clinical encounters, where health-
care providers must bring to bear multiple competencies 
simultaneously (e.g., performing a procedure while commu-
nicating with the patient and demonstrating professional 
and respectful attitudes), so interpretations of results from 
such assessments are likely to be more valid.  

   Assessment Context 
 Continuing this last example, moving the location of the 
hybrid simulation-based evaluation from a dedicated testing 
center or simulation lab to the actual clinical setting in which 
a trainee or practitioner works (so-called “in situ” simula-
tion) can also enhance the authenticity of the scenario  [  101  ] , 
thus greatly strengthening inferences that performances in 
the assessment are likely to be predictive of behaviors in 
real-world practice. Similarly, the simulation testing envi-
ronment should be re fl ective of the local context, including 
elements that typically would (or would not) be found in par-
ticular hospitals or in certain countries or geographic regions, 
depending on availability of resources. Testing scenarios 
should be designed with sensitivity to religious, social, or 
cultural mores, such as appropriate interactions between 
genders or between superiors and subordinates. Finally, and 
very importantly, the purpose of the assessment will in fl uence 
the choice of simulation-based methods: for instance, a sta-
tion testing physical exam skills during a summative exam 
for licensure—where criteria related to reliability are para-
mount—might employ a mannequin simulator because of its 
programmability and high level of reproducibility of exam 
 fi ndings. By contrast, an impromptu formative assessment of 
a student’s history-taking skills during a medical school 
clerkship—where educational effect is an important charac-
teristic—might use a nursing assistant who happened to be 
working in the clinic that day (rather than a well-trained SP) 
to portray the patient.    

   Conclusion 

 Consideration of the different dimensions in the assessment 
framework we have proposed can guide not only choice of 
assessment strategies in general (i.e., whether to use a perfor-
mance-based vs. other test) and selection of particular meth-
ods within a given category (e.g., simulation-based exam vs. 
a long case) but also decisions to use a speci fi c form of simu-
lation among the possible modalities available. Clearly these 
multiple dimensions are interrelated, and thinking about 
areas of interaction will help identify strengths to capitalize 
on and potential challenges to try to mitigate. Speci fi cation 
of the outcomes to be assessed is the  fi rst step in the current 

competency-based educational paradigm. These must then 
be considered in the context of desired assessment level, 
examinee stage of training or experience, and overall pur-
pose of the assessment. Alignment of these various elements 
will improve chances that more quality criteria will be met 
from the perspective of multiple stakeholders, including 
those undergoing the assessment, teachers and schools, 
accreditation organizations, and, ultimately, the public whom 
we as healthcare professionals all serve.      
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    Introduction 

 Throughout their careers, health professionals are subjected 
to a wide array of assessment processes. These processes are 
aimed at evaluating various professional skills including 
knowledge, physical exam and communication skills, and 
clinical decision-making. While some of these assessments 
are used for formative evaluation, others are employed for 
summative evaluation in order to establish readiness and 
competence for certi fi cation purposes. Unfortunately, the 
traditional emphasis of medical education has been on the 
“easy to measure” (i.e., cognitive skills and knowledge) and 
not necessarily on what is “important to measure,” ignoring 
in many ways the sound assessment of “higher order skills” 
considered to be crucial for the safe delivery of quality care, 
such as safety skills (e.g., handover, adherence to guidelines, 
error recovery, calling for help, documentation skills), team-
work skills (e.g., leadership, followership, communication, 
counseling, interprofessional skills), and personal traits 

(e.g., integrity, motivation, capacity, humility, risk-taking 
traits). These skills are crucial to ensuring that a licensed and 
certi fi ed physician is capable of delivering quality care. 

 In the past two decades, there has been a growing interest 
in simulation-based assessment (SBA) as demonstrated by 
the fact that SBA has been incorporated in a number of high-
stakes certi fi cation and licensure examinations  [  1  ] . The driv-
ing forces for this change mostly stem from the patient safety 
movement and the recognition of the medical community 
and the general public that medical education and its tradi-
tional assessment paradigm has a share in the suboptimal 
patient safety that surfaced in the American Institute of 
Medicine’s “To Err is Human” report in 1999. Furthermore, 
the recognized link between safety and simulation and the 
understanding that SBA has the power to serve as a vehicle 
for cultural change towards safer and more ethical medical 
education has led education and accreditation bodies to 
search for means to become more accountable for the health 
professional “products” they produce. The need to develop 
and adapt competency-based assessment for certi fi cation and 
recerti fi cation policies has emerged as a part of this account-
ability. Other contributing factors driving SBA forward are 
the global migration of healthcare professionals and the 
increased need for pro fi ciency gatekeeping on behalf of 
healthcare systems that absorb health professionals who 
were trained in foreign educational systems that might not 
have rigorous enough pro fi ciency training in their curricu-
lum. Finally, SBA is also driven by the rapidly developing 
simulation industry which provides more modern simulators 
including some built-in pro fi ciency metrics. 

 Compared with other traditional assessment methods (i.e., 
written tests, oral tests, and “on the job” assessments), SBA 
has several advantages: the ability to measure actual perfor-
mance in a context and environment similar to those in the 
actual clinical  fi eld; the ability to assess multidimensional pro-
fessional competencies including knowledge, technical skills, 
clinical skills, communication, and decision-making as well as 
higher order competencies such as safety skills and teamwork 
skills; the ability to test prede fi ned sets of medical scenarios 
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according to a test blueprint, including the presentation of rare 
and challenging clinical scenarios; the ability to present stan-
dard, reliable, and fair testing conditions to all examinees; and 
the fact that SBA entails no risk to patients  [  2,   3  ] . 

 This chapter deals with the role SBA can and should play 
in regulatory-driven assessment programs for healthcare stu-
dents and providers seeking licensure and certi fi cation. 
Regulatory programs are de fi ned as processes required by 
external entities as a condition to maintain some form of cre-
dentials, including certi fi cation within a discipline, licensure, 
and privileges within an institution and/or health systems  [  4  ] . 
We will also describe the Israeli experience in SBA at 
MSR—the Israel Center for Medical Simulation  [  5  ] —and 
highlight our insights from over 10 years of experience in 
conducting regulatory-driven SBA programs with focus on 
the barriers, challenges, and keys to success.  

   Brief History and Review of Current Use 
of Simulation-Based Licensure and Certi fi cation 

 The foundation for SBA as a regulatory requirement began 
in the 1960s and 1970s when basic and advanced life support 
courses—partially based on simple mannequins/simula-
tors—were introduced and endorsed as a standard require-
ment by medical and licensure associations  [  6  ] . Another 
important aspect that contributed to the foundation of SBA 
was the introduction of simulated/standardized patients (SPs) 
and the objective structured clinical examination (OSCE) 
approach in the 1970s. The OSCE methodology matured in 
the 1990s and throughout the twenty- fi rst century, especially 
by being employed more and more by regulatory boards 
around the world as the tool of choice to assess medical 
school graduates’ clinical skills, as part of a certi fi cation pro-
cess. Inspired by the work done by the Medical Council of 
Canada (MCC) which launched an OSCE-based licensure 
for all its local and foreign graduates (titled Qualifying 
Examination Part II (MCCQE Part II))  [  7  ] , the Educational 
Commission for Foreign Medical Graduates (ECFMG)  [  8  ]  
launched its CSA (Clinical Skills Assessment) in 1998 for 
US foreign graduates. This exam was subsequently (2004) 
modi fi ed and endorsed by the National Board of Medical 
Examiners (NBME) to become the United States Medical 
Licensing Examination Step 2 Clinical Skills (USMLE Step 
II CS) required for US graduates as well  [  9  ] . More recently, 
the American Board of Surgery has begun to require a suc-
cessful completion of the Fundamentals of Laparoscopic 
Surgery (FLS) course for initial certi fi cation of residents in 
surgery  [  10,   11  ] . These are just a few examples of the late-
twentieth–early-twenty- fi rst-centuries’ paradigm shift to 
include simulation-based exams as a well-established and 
well-recognized high-stakes assessment tool worldwide for 
healthcare professional certi fi cation  [  1,   12–  15  ] . 

 SBA endorsement is increasing in other healthcare pro-
fessions, although less published academically. In nursing, 
for example, OSCEs are being used in Quebec, Canada, as 
part of the registered nurse licensure examination  [  16  ]  and 
for licensure of nurse practitioners in British Columbia and 
Quebec. An assessment that includes OSCEs is required for 
all foreign-educated nurses desiring to become registered in 
any Canadian province  [  17  ] . In the last decade, SBA utiliz-
ing SPs is increasingly used also for the admission and 
screening of candidates to medical schools’ interpersonal/
noncognitive attributes  [  18–  21  ] .  

   Simulation-Based Licensure and Certi fi cation: 
Challenges and Keys for Success 

 SBA requires multi-professional collaboration. To achieve 
an effective test for any high-stakes context, the  involvement 
of experts from three different  fi elds—content experts, 
simulation experts, and measurement experts (i.e., 
psychometricians)—is mandatory. In the following section, 
we will try to highlight some of the main concerns or chal-
lenges that are inherent to SBA and suggest how the triple 
professional collaboration assists in facing these challenges 
and ensuring a successful measurement in SBA. 

   Does SBA Really Simulate Reality? 

 The rapid development of medical simulation technology, 
including advanced computerized full-body mannequin sim-
ulators and task trainers, greatly expands the horizons of pos-
sible clinical skills that could be assessed using simulation  [  1  ] . 
However, recognizing the limitations of current simulation 
technology, for example, the inability of existing mannequin 
simulators to sweat or change skin color makes SBA incom-
plete in its ability to authentically simulate certain clinical 
conditions  [  22  ] . In addition, some of the important job char-
acteristics (e.g., team management) are also dif fi cult to simu-
late in a standard measurable way that is required for 
high-stakes assessment. These limitations can be partially 
overcome by providing (by the simulator operator—verbally 
or in a written form) examinees those missing features which 
are not presented by the simulator and/or through utilizing a 
hybrid (SP and a simulator) model and/or through using a 
standard mock team member for team management evalua-
tion. Regardless of the strategy, the limitations of the simula-
tor being utilized must be recognized and furnished to the 
participants. 

 SBA developers should be well aware of these limitations. 
After content experts de fi ne test goals and test blueprints 
(i.e., a list of content domains and clinical skills to be mea-
sured) with the assistance of psychometricians, the  simulation 
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experts should suggest their perspective on the appropriate 
simulation module(s) to be used. With the acknowledgment 
that not everything can be simulated, one should keep in 
mind that SBA should not be the automatic replacement of 
other assessment methods. Rather, it should be viewed as a 
complementary tool and used only when it can serve a sound 
measurement and when it has a real added value to the over-
all assessment of the health professional.  

   Can SBA Really Measure What We Want 
It to Measure? 

   SBA Scoring Strategies 
 If SBA is used in a high-stakes licensure/certi fi cation context, 
it is essential that scores be reliable and valid. Two main fac-
tors contribute to measurement accuracy in SBA: the metrics 
(measurement method) and the raters. Developing assessment 
rubrics is certainly one of the main challenges in SBA, and it 
requires the cooperation between content experts and psycho-
metricians. The  fi rst decision in this process should be what 
type of measurement method (analytic/checklist or holistic) is 
suitable for each simulation model or scenario  [  1  ] . For a typi-
cal clinical skills simulation scenario, checklists can be con-
structed to tap explicit processes such as history taking, 
physical examination, and clinical treatment steps. Although 
checklists have worked reasonably well and have provided 
modestly reproducible scores depending on the number of 
simulated scenarios  [  1  ] , they have been criticized for a num-
ber of reasons. First, checklists, while objective in terms of 
scoring, can be subjective in terms of construction  [  23  ] . While 
speci fi c practice guidelines may exist for some conditions, 
there can still be considerable debate as to which actions are 
important or necessary in other conditions. Without expert 
consensus, one could question the validity of the scenario 
scores. Second, the use of checklists, if known by those tak-
ing the assessment, may promote rote behaviors such as 
employing rapid- fi re questioning techniques. To accrue more 
“points,” examinees may ask as many questions as they can 
and/or perform as many physical examination maneuvers as 
are possible within the allotted time frame. Once again, this 
could call into questioning the validity of the scores. Third, 
and likely most relevant for SBA of advanced professionals 
(i.e., licensure and certi fi cation context), checklists are not 
conducive to scoring some aspects of professional case han-
dling such as timing or sequencing of tasks, communication 
with patients and team members, and decision-making  [  1  ] . 
For these reasons, it is unlikely that checklist-based scoring 
alone will adequately satisfy. 

 Holistic scoring (or global scoring), where the entire per-
formance is rated as a whole or when several generally de fi ned 
performance parameters are rated, is also often used in SBA 
 [  1  ] . Rating scales can effectively measure certain constructs, 

especially those that are complex and multidimensional, such 
as communication and teamwork skills  [  24,   25  ] , and they 
allow raters to take into account egregious actions and/or 
unnecessary patient management strategies  [  26  ] . Psychometric 
properties of global rating scales have yielded reliable mea-
surement  [  26,   27  ]  and, for advanced practitioners seeking 
licensure, have a major role in assessment.  

   SBA Raters, Importance, Development, 
and Maintenance 
 The other main factor that affects measurement quality in 
SBA is the raters. After choosing the preferred scoring method 
and investing in its development using relevant expertise, one 
has to make sure that quali fi ed raters are employed for the 
actual measurement. Recruiting good raters and assuring their 
ongoing commitment for a regulatory re-accruing certi fi cation 
or licensure project is a challenge. Often, when a new SBA 
project is presented, there is good enthusiastic spirit among 
senior professionals in the profession that is being tested. It is 
easy to recruit these professionals for the rater position in the 
 fi rst few testing cycles. However, as the time goes by and the 
test becomes more routine, recruitment and ongoing mainte-
nance of raters becomes more dif fi cult. Therefore, it is essen-
tial to come up with ways to raise raters’ commitment to the 
SBA project. For example, one may consider reimbursing rat-
ers for their participation in the test, awarding academic 
credit, or providing them with other promotional bene fi t. 
Furthermore, efforts should be made to ensure that the raters’ 
role in the test group is highly regarded as a prestigious posi-
tion with good reputation. In addition, it is highly crucial to 
generate the support of the regulators of the national, regional, 
or relevant local medical systems who must de fi ne the SBA 
project as high on their priorities’ order. 

 In addition to recruiting good and collaborative raters, the 
most important component of SBA regarding the raters is 
their training  [  4  ] . While the raters in SBA are almost always 
senior experts in the profession being tested, they are not 
experts in measurement. “Train the rater” workshops are a 
crucial element of the SBA development and implementa-
tion, which contain two components: presentation of the test 
format and scoring methodology coupled with multiple scor-
ing exercises with emphasis on raters’ calibration. The cali-
bration process should be based on preprepared scoring 
exercises (i.e., video clips) in which raters score examinees’ 
performance individually and afterwards discuss their rat-
ings with special attention allotted to outlier ratings.   

   Can Examinees in SBA Show Their Real Ability? 

 Although current simulation methodology can mimic the 
real medical environment to a great degree, it might still be 
questionable whether examinees’ performance in the testing 
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environment really represents their true ability.    Test anxiety 
might increase in an unfamiliar testing environment; dif fi culty 
to handle unfamiliar technology (i.e., monitor, de fi brillator, 
or other devices that may be different than the ones used in 
the examinee’s speci fi c clinical environment) or even the 
need to “act as if” in an arti fi cial scenario (i.e., talking to a 
simulator, examining a “patient” knowing he/she is an actor) 
might all compromise examinees’ performance. 

 The best solution to the main issues raised above is the 
orientation of examinees to the simulated environment. 
   Examinees must be oriented to the test environment and 
receive elaborated instructions regarding the local technol-
ogy and the main principles of SBA-required behavior. It is 
also of great value that examinees get the chance to practice 
in the relevant simulation methodology. In addition, raters 
and testers should be instructed to support examinees who 
have dif fi culty to “get into the role-playing” by reminding 
them throughout the test to behave “as if they are in the actual 
clinical setting.”  

   Is SBA Worth the Investment? 

 SBA is an expensive venture! As mentioned before, the 
development stage requires involvement of diverse and costly 
human resources (psychometric, simulation, and content 
experts). Raters’ hours are also costly (senior content experts 
that leave their routine clinical work for several days per year 
are not inexpensive), and the challenging logistical prepara-
tion and operation during testing days also requires a sub-
stantial human and infrastructural investment. In addition, 
unlike written tests, the number of examinees per testing day 
is limited by the size of the simulation facility and the avail-
ability of simulators and raters. This fact makes it necessary 
to develop more testing forms (to avoid leak of con fi dential 
test information), which also increases test costs and compli-
cates validity. 

 In order to justify the huge investment in  fi nancial, human, 
and technological resources, the SBA professionals must 
supply proof for the psychometric qualities and added value 
of a test over other less costly approaches. Boulet  [  1  ]  reviewed 
the issues of reliability and validity evidence in SBA.    He 
described some studies that showed evidence for internal 
consistency within and across scenarios, studies that deal 
with inter-rater reliability and generalizability (G), and stud-
ies that were conducted to speci fi cally delimit the relative 
magnitude of various error sources and their associated inter-
actions. Boulet also emphasized the importance of using 
multiple independent observations for each examinee to 
achieve good enough test reliability. 

 The validity of a simulation-based assessment relates to 
the inferences that we want to make based on the examina-
tion scores  [  28  ] . There are several potential ways to assess 

the validity of test scores. For SBA, especially for tests used 
for certi fi cation and licensure, content validity and construct 
validity have been reported extensively  [  1,   29–  33  ] . However, 
predictive validity, which is the most crucial validity aspect 
for this type of test, is also the most complicated one to 
prove, and much research effort is still needed to establish 
this aspect of SBA  [  1,   34,   35  ] . 

 To conclude, in high-stakes licensure and certi fi cation 
SBA, the purpose of the evaluations is, most often, to assure 
the public that the individual who passes the examination is 
 fi t to practice, either independently or under supervision. 
Therefore, the score-based decisions must be validated and 
demonstrated to be reliable using a variety of standard tech-
niques, and SBA professionals should preplan reliability and 
validity studies as integral parts of the development and 
implementation of the tests.   

   The Israeli Experience: The Israeli Center 
for Medical Simulation (MSR)    

 Since    its establishment in 2001, one of the main strategic 
goals of MSR, the Israel Center for Medical Simulation  [  36  ]  
(Fig.  12.1 ), was to promote simulation-based certi fi cation 
and accreditation in a wide range of medical professions on 
a national level. This goal was set because of the deep rec-
ognition of the important in fl uence that traditional health-
care education and assessment had in the current suboptimal 
reality of patient safety and healthcare quality. The tradi-
tional de fi ciency and almost absence of high-stakes clinical 
skills assessment of health professionals throughout their 
career has contributed to the lack of competency standards 
for healthcare professionals as they advance from one stage 
to the next in their professional path, as well as when they 
are expected to demonstrate maintenance of competency 
(MOC) to safely serve their patients. Thus, with the estab-
lishment of MSR, 2 years after the release of the “To Err is 
Human” report, it was clear that setting new competency 
standards on a national level via simulation-based high-
stakes assessment could convey an important message 
regarding the accountability of the healthcare licensure sys-
tem to ensure patient safety through improving health pro-
fessionals’ readiness and preparedness to ful fi ll their 
professional roles in high-quality and safety standards.  

 From its outset, a strategic alliance and close collabora-
tion was established between MSR and the National Institute 
for Testing and Evaluation (NITE) in Israel, an institute that 
specializes in measurement and provides psychometric ser-
vices to all Israeli universities and higher-education colleges 
 [  37  ] . Expert psychometricians from NITE work routinely at 
MSR and together with the regulatory professional bodies 
who assign content experts for their exams, and MSR’s 
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 professional staff—with its simulation expertise—a team 
with all three domains of expertise, was formed. This team 
collaboratively develops and implements various simulation-
based testing programs at MSR—to serve the needs identi fi ed 
by Israel’s healthcare system regulators. 

 In the following section of this chapter, we will describe 
the evolution of MSR’s national SBA programs conducted in 
collaboration with NITE and with Israel’s health professional 
regulatory bodies. We will also highlight the lessons learned 
and special insights which surfaced during the course of the 
development and implementation of these SBA programs. 

   The Israeli Board Examination in Anesthesiology 

 As in other medical professions, Israeli anesthesiology resi-
dents are subjected to a written mid-residency board exami-
nation and an oral board exam at the end of their  fi ve and a 
half years of residency training. Acknowledging the possible 
bene fi ts of SBA and the lack of a structured performance 
evaluation component, the Israeli Board of Anesthesiology 
Examination Committee decided in 2002 to explore the 
potential of adding an OSCE component to the board exami-
nation process. The initial decision was that the SBA would 
be complementary to the existing board examination process 
and that SBA would be a task-driven test where relevant 
tasks are incorporated into realistic and relevant simulated 
clinical scenarios. 

 Being the  fi rst high-stakes test to be developed at MSR, 
this test evolved gradually since its  fi rst initiation demon-
strating a dynamic development and ongoing attempts to 

improve various aspects of the SBA. Following are a few 
examples that re fl ect this dynamic approach on behalf of the 
test development committee: realism of scenarios improved 
by presenting a “standardized nurse” to the stations and by 
using more advanced simulation technology; scoring method 
was upgraded throughout the years (e.g., critical “red  fl ag” 
items that examinee had to perform in order to pass were 
removed, checklist format was modi fi ed to improve raters’ 
ability to score examinees’ performance), a two-stage sce-
nario model was developed and adopted to include a simula-
tion-based scenario which is followed by a “debrie fi ng” or 
an oral examination used to assess the examinee’s under-
standing of the previously performed scenario, and his abil-
ity to interpret laboratory results and tests; and  fi nally, in 
terms of the SBA role in certi fi cation, passing the simulation-
based test has become a prerequisite for applying to the oral 
board examination although recently due to logistic reasons 
the SBA stations are part of the oral board exams. 

 Major components of the SBA include an orientation day 
for examinees held at MSR a few weeks before the examina-
tion. During this day, the examinees familiarize themselves 
with the test format and the technological environment (sim-
ulators, OR equipment, etc.). Another major component is 
the examiners’ orientation and retraining (“refresher”) before 
each test. Table  12.1  describes the actual examination for-
mat, and Table  12.2  presents an example of a checklist used 
during the examination.   

 Nineteen examination cycles were held since 2002, and 
the number of examinees in each cycle was 25–35. The board 
examination in anesthesiology achieved good psychometric 
characteristic with satisfying inter-rater agreement, good 

  Fig. 12.1    MSR, the Israel 
Center for Medical Simulation       
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intra-case reliability, as well as good structure validity and 
face validity  [  30,   38,   39  ] . In addition to the satisfactory 
 psychometric qualities, the process of incorporating SBA 
into the board examination paradigm has had several impor-
tant implications. Analysis of frequent errors in the test 
yielded important and precious feedback to the training pro-
grams aiming at highlighting areas of skills de fi ciencies 
(e.g., identifying and managing technical faults in the anes-
thesia machine)  [  40  ] , with the hope that it would drive edu-
cational improvements in residency. The effort to keep high 
psychometric standards in the SBA inspired the test commit-
tee to aspire to the same standards in the oral exam. Hence, 

a more structured oral exam was developed, and an obliga-
tory “train the rater” workshop was conducted to improve 
raters’ oral examination skills.  

   Paramedics Certi fi cation Exam 

 Paramedics training in Israel includes a 1-year course followed 
by an accreditation process that includes evaluation by the train-
ing program supervisor, a written examination, and a simula-
tion-based exam at MSR. The SBA includes four stations with 
scenarios in four major professional areas: trauma management, 

Examination
stations

Time allotment

Simulator

No. of examiners

Other personnel
needed

18 min

Equipment

2

18 min

SimMan

2

Technician &
Nurse/Paramedic

18 min

SimMan

2

Technician &
Nurse/Paramedic

18 min

Simulated Patient
(SP)

2

Regional
anesthesia

Anesthesia
equipment

Trauma
management

Resuscitation  Table 12.1    Anesthesiology 
board examination format       

The examiner requests the examinee to start performing the block according to the following steps:
patient positioning, anatomical description, insertion point and direction of needle advancement and
specification of type and volume of local anesthetic injected.

Patient positioning Arm abduction

Elbow at 90°

Axillary artery

Pectoralis major

Coracobrachialis

45° angleDirection of needle insertion

1

2

3

4

5

The examiner stops the examinee and says, “Now that you have demonstrated the performance of the 
block, I would like to ask a number of questions”.

The examiner presents a nerve detector and a
model of the arm to the examinee, and asks
him/her to demonstrate and describe its use

Correct connection between
the stimulator and model

Output set at 0.8–1.0 mA

Frequency set at 1–2 Hz

Expected response of the hand

Injection when twitches are
present at 0.1–0.4 mA

Humerus

The needle has to be re-angled
superiorly or inferiorly

Intraneural needle placement

Immediate cessation of
injection

The examiner asks, “After advancing the needle
2 cm, a bony structure is encountered. What is
this structure and what will you do?”

During injection the SP complains of pain
radiating to the hand. The examiner asks,
“What is the reason for this complaint, and
what should be done?”

Examinee’s expected action Done Not done

  Table 12.2    An    example of an 
evaluation checklist for the 
assessment of axillary block 
performance (only part of the 
checklist is presented)       
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cardiology, pediatrics, and respiratory  emergencies. Various 
relevant simulators are used, and two of the test stations include 
an actor (SP) in a hybrid format that combines communication 
with the SP and clinical performance on a mannequin simu-
lator. Since one of the core characteristics of the paramedics’ 
profession is team management, this had to become an integral 
part of the assessment in the simulation-based test (Fig.  12.2 ). 
Therefore, examinees perform as team leaders in all station and 
are assisted by two other more junior paramedics who are still 
in the paramedic course—and therefore are not test subjects (in 
fact, this experience serves also as part of the junior paramed-
ics’ orientation for their future certi fi cation exam).    The score 
in each station is composed of yes/no checklist items (70%) 
(20–30 items per station), holistic parameters (20%) assessed 
on a 1–6 scale (time management, team leadership, etc.), and 
one general holistic assessment (10%) on a 1–10 scale. The 
SPs in the two hybrid stations also score examinees’ perfor-
mance. The  fi nal score per station is a weighted average of the 
SP score (10%) and the professional rater score (90%).  

 The paramedics certi fi cation test takes place 4–5 times a 
year with about 25 examinees per day. A month before each 
test, an orientation takes place in which examinees practice 
at MSR on scenarios similar to the ones used in the actual 
test and receive feedback based on a “test like” scoring form. 
The raters (two raters per station) also participate in a man-
datory “train the rater” workshop. Several psychometric fea-
tures of this test are routinely measured, inter-rater agreement 
varies from 75 to 95%, and face validity, as re fl ected in par-
ticipants’ feedbacks, is also very high.  

   National Registration Exam for Nurse Specialists 

 In Israel, to become a certi fi ed nurse specialist in any of the 
16 de fi ned nursing professions (intensive care, pediatric 

intensive care, psychiatry, oncology, etc.), one must under-
take a yearlong specialty course. In 2008, recognizing the 
need of performance measures to the registration process, the 
nursing authority in Israel’s ministry of health decided to col-
laborate with MSR and NITE and develop a simulation-based 
test to replace the written multiple choice certi fi cation test. 
Currently, 16 different tests are developed annually for the 
various nursing specialties, requiring teams of nurse special-
ists to work closely with the simulation experts and psycho-
metricians on the test content in each profession. 

 All exams have a common format that includes 11  stations 
with various combinations of the following station types:
    (a)     High- fi delity simulation—measuring clinical competence 

in a scenario using high- fi delity mannequin simulators.  
    (b)     SP stations—measuring clinical competence, including 

communication with patients (Fig.  12.3 ).   
    (c)     Debrief stations—following the SP station, the examinee 

is debriefed on the scenario and his/her performance and 
decision-making using questions such as what was your 
diagnosis? what facts regarding the patient led you to that 
diagnosis? and why did you choose a speci fi c treatment?  

    (d)     Video-/PPT-based case analysis stations—written open-
ended items all relating to a speci fi c case, presented 
either in video or in Power Point Presentation.  

    (e)    Short computerized multiple choice test.     
 The raters in this examination are nurse specialists in the 

respective  fi elds. All raters participate in an obligatory train 
the rater workshop before each test. The National Registration 
Exam for Nurse Specialists has been running for 3 years with 
650–1,000 examinees per year in 13–16 different nursing 
professions. Unfortunately, the small numbers of examinees 
in each profession make it dif fi cult to compute the psycho-
metric parameters. However, in three professions, the number 
of examinees is relatively high: intensive care (about 160 
examinees per year),  midwifery (60–80 per year), and pri-
mary care in the  community (40–50 per year). In these 

  Fig. 12.2    Team Management Training at MSR, the Israel Center for 
Medical Simulation       

  Fig. 12.3    OSCE for Advanced Nursing Accreditation at MSR, the 
Israel Center for Medical Simulation       
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 professions, internal consistency ranged from 0.6 to 0.8. In 
addition, inter-rater disagreement rate in all tests was less 
than 5% (unpublished data), indicating satisfactory reliability. 
At the moment, long-term predictive validity research is being 
conducted to measure the correlation between test scores and 
supervisor and peer evaluations in the workplace.  

   The “MOR” Assessment Center: Selection 
of Candidates to Medical Schools 

 Medical school admissions traditionally rely heavily on cog-
nitive variables, with noncognitive measures assessed 
through interviews only. In recognition of the unsatisfactory 
reliability and validity of traditional interviews, medical 
schools are increasingly exploring alternative approaches 
that can provide improved measures of candidates’ personal 
and interpersonal qualities. 

 In 2004, the Tel Aviv University Sackler School of 
Medicine appointed MSR and NITE to join forces with its 
admission committee in order to develop and implement an 
original assessment system for the selection of its candidates, 
focused exclusively on their noncognitive attributes. 

 The MOR assessment center that was developed included 
three main assessment tools:
    1.    A biographical questionnaire  
    2.    An ethical judgment and decision-making questionnaire  
    3.    A set of OSCE-like behavioral stations     

 For a full description of the questionnaires and the origi-
nal behavioral stations structure, see Ziv et al.  [  18  ] . 

 The raters of candidates’ attributes in the behavioral stations 
are faculty members (doctors, nurses, psychologists, social 
workers) as well as SPs. They score candidates’ behaviors on a 
standard structured scoring form that includes four general 
parameters (each divided into 2–6 scored items): interpersonal 
communication skills, ability to handle stress, initiative and 
responsibility, and maturity and self-awareness. All raters are 
trained in 1-day mandatory train the rater workshops. 

 The MOR assessment center has greatly evolved through-
out the years. First, other Israeli faculties joined the project, 
including the medical faculty at the Technion, the dental 
school at Tel Aviv University, and recently, the new medical 
school at the Bar-Ilan University. Second, the number of 
behavioral stations increased (from 8 to 9), and different 
types of stations were added. Currently, the system includes 
3 SP stations (a challenging encounter with an actor that does 
not require any medical knowledge), 2 debrief stations, 3 
structured mini interviews, one group dynamic station, and 
one team station with an SP. 

 Ninety-six candidates are tested at MSR per testing day. In 
each testing day, about 40 raters are occupied in two  testing 
shifts. A total of over 1,000 examinees are tested per year. 

 The MOR assessment center has good internal reliability, 
good test-retest reliability, satisfactory inter-rater reliability, 

and high face validity  [  18,   41  ] . However, the main challenge 
of establishing predictive validity has not yet been met. We 
hope to overcome some political and economic obstacles to 
achieve this goal in the near future.   

   Simulation-Based Licensure and Certi fi cation: 
The Authors’ Vision 

 Following 10 years of promoting SBA in Israel, we are proud 
to recognize a high degree of vertical (among different senior-
ity levels) and horizontal (among different medical professions) 
penetration of SBA into the healthcare system. For example, 
over 50% of the anesthesiologists in the country experienced 
SBA as examiners and/or as examinees. Similarly, SBA was a 
central professional experience to most Israeli paramedics, the 
full cohort of the incoming generation of the advanced spe-
cialty nurses and over 80% of Israel’s current generation of 
medical students who were screened via an SBA screening 
process conducted at MSR. Thus, in addition to the wide expo-
sure of trained faculty from all the above professions who 
served as raters for those SBA programs, Israel has now a sub-
stantial group of change agents who convey the moral message, 
inherent in SBA, as a means to set new pro fi ciency standards 
for readiness and certi fi cation in health care. 

 We strongly believe that the widespread penetration of SBA 
within Israel’s healthcare system has contributed in many ways 
to expedite important educational processes. First, in the spirit 
of the “assessment drives education” concept, the fact that SBA 
has been widely endorsed by leading healthcare regulators has 
motivated a growing interest in simulation-based medical edu-
cation. In many medical institutions and healthcare profes-
sional schools who became more aware of the need to focus on 
the provision of sound training to their students/health provid-
ers, this has led to broad use of simulation modalities. Second, 
SBA has helped to identify de fi ciencies in the skill sets of 
examinees and thus served as an important feedback mecha-
nism to training and educational programs which triggered 
changes in the focus of training and curricular programs accord-
ingly. Finally, as the collaborative teams of simulation, content, 
and measurement experts gained more and more experience in 
this rather demanding and resource-consuming  fi eld of SBA, 
important psychometric/logistical/administrative processes 
have been developed and substantially improved, thus enabling 
improved cost-effectiveness of the SBA program as a whole. 

   Lessons Learned 

 As we strongly believe that SBA is a re fl ection of a very 
important and rapidly growing safety and accountability 
movement in health care, we would like to summarize this 
chapter with some of the important lessons we learned during 
the course of developing and conducting national SBA 
 programs at MSR. First, and perhaps the most important lesson, 
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is that the process of incorporating SBA requires courageous 
leadership and strong belief in the cause on behalf of the pro-
fessional and regulatory boards. High-stakes competency 
assessment needs to be an explicit goal and a strategic decision 
of professional boards. Thus, together with simulation experts 
and psychometric backup, these bodies should launch the pro-
cess with readiness to  fi ght for the cause and defend the move-
ment to SBA in the profession. A second important lesson is 
not to wait for the completion of the development of the ulti-
mate SBA exam as a launching condition, as this could never 
be completed. Rather, “dive into the SBA water” and apply the 
SBA as complementary to the traditional assessment tools, 
with the understanding that the process is an ongoing “work in 
progress.” Thus, SBA should be continuously improved in 
small increments following feedback from examiners and 
examinees as well as thorough research and evaluation of the 
process. Finally, SBA must be accompanied by ongoing 
research aiming at improving processes of test development 
and rater training as well as research regarding the impact of 
the incorporation of SBA into a given profession. These stud-
ies should attempt to explore the impact of the SBA on the 
educational processes in the given  fi eld and ultimately on the 
quality and safety of healthcare delivery provided by those 
who met the SBA standards in that given  fi eld.   

   Conclusion 

 The challenges surrounding SBA as it develops in the years to 
come are many. That said, incorporation of SBA into licensure 
and certi fi cation processes is feasible. The integration of 
“higher-order skills” into the assessment paradigm, the mea-
surement of the “dif fi cult to measure” yet “important to mea-
sure” skills (like professionalism, safety, and teamwork skills), 
should serve as a road map for medical educators who strive to 
set new standards for healthcare providers’ readiness to serve 
the public with safe and high-quality medicine. As medicine 
advances on this never-ending quality improvement and safety 
journey, simulation-based assessment should be viewed as 
one of the most powerful modalities in ensuring quality care.      

   References 

    1.    Boulet JR. Summative assessment in medicine: the promise of simula-
tion for high-stakes evaluation. Acad Emerg Med. 2008;15:1017–124.  

    2.    Gaba DM. Do as we say, not as you do: using simulation to investi-
gate clinical behavior in action. Simul Healthc. 2009;4:67–9.  

    3.    Scalese RJ, Issenberg SB. Simulation-based assessment. In: 
Holmboe ES, Hawkins RE, editors. A practical approach to the eval-
uation of clinical competence. Philadelphia: Mosby/Elsevier; 2008.  

    4.    Holmboe E, Rizzolo MA, Sachdeva A, Rosenberg M, Ziv A. 
Simulation based assessment and the regulation of healthcare pro-
fessionals. Simul Healthc. 2011;6:s58–62.  

    5.   MSR Israel Center for Medical Simulation. Available at:   http://
www.msr.org.il/    . Accessed Oct 2006.  

    6.    Issenberg SB, McGaghie WC, Petrusa ER, Lee Gordon D, Scalese 
RJ. Features and uses of high- fi delity medical simulations that lead 
to effective learning: a BEME systematic review. Med Teach. 
2005;27:10–28.  

    7.   Medical Council of Canada. Medical Council of Canada qualifying 
Examination Part II (MCCQE Part II). 2008. Medical Council of 
Canada.  

    8.    Whelan G. High–Stakes medical performance testing: the Clinical 
Skills Assessment Program. JAMA. 2000;283:1748.  

    9.   Federation of State Medical Board, Inc. and National Board of 
Medical Examiners. United States Medical Licensing Examination: 
Step 2 clinical skills (cs) content description and general informa-
tion. 2008. Federation of State Medical Board, Inc. and National 
Board of Medical Examiners.  

    10.   American Board of Surgery. ABS to Require ACLS, ATLS and 
FLS for General Surgery Certi fi cation. Available at:   http://
home.absurgery.org/default.jsp?news_newreqs    . Accessed 27 
May 2011.  

    11.   Soper NJ, Fried GM. The fundamentals of laparoscopic surgery: its 
time has come. Bulletin of the American College of Surgeons. 2008. 
Available at:   http://www. fl sprogram.org/wp-content/uploads/2010/10/
FLSprogramSoperFried.pdf    . Accessed 7 Mar 2011.  

    12.    Petrusa ER. Clinical performance assessment. In: Norman GR, van 
der Vleuten CPM, Newble DI, editors. International Handbook of 
Research in Medical Education. Dordrecht: Kluwer Academic 
Publications; 2002.  

    13.    Tombeson P, Fox RA, Dacre JA. De fi ning the content for the objec-
tive structured clinical examination component of the Professional 
and Linguistic Assessment Board examination: development of a 
blueprint. Med Educ. 2000;34:566–72.  

    14.    Boyd MA, Gerrow JD, Duquette P. Rethinking the OSCE as a 
tool for national competency evaluation. Eur J Dent Educ. 2004;
8:95.  

    15.    Boulet JR, Smee SM, Dillon GF, Gimplr JR. The use of standard-
ized patient assessments for certi fi cation and licensure decisions. 
Simul Healthc. 2009;4:35–42.  

    16.   Ordre des In fi rmieres et In fi rmiers Quebec. Available at:   http://
www.oiiq.org/    . Accessed 7 Mar 2011.  

    17.   College and Association of Registered Nurses of Alberta. Available 
at:   http://www.nurses.ab.ca/carna/index.aspx?WebStructureID_3422    . 
Accessed 7 Mar 2011.  

    18.    Ziv A, Rubin O, Moshinsky A, et al. MOR: a simulation-based 
assessment centre for evaluating the personal and interpersonal 
qualities of medical school candidates. Med Educ. 2008;42:
991–8.  

    19.    Harris S, Owen C. Discerning quality: using the multiple mini-
interview in student selection for the Australian National University 
Medical School. Med Educ. 2007;41(3):234–41.  

    20.    O’Brien A, Harvey J, Shannon M, Lewis K, Valencia O. A com-
parison of multiple mini-interviews and structured interviews in a 
UK setting. Med Teach. 2011;33(5):397–402.  

    21.    Eva KW, Rosenfeld J, Reiter HI. Norman GR An admissions OSCE: 
the multiple mini-interview. Med Educ. 2004;38(3):314–26.  

    22.    Issenberg SB, Scalese RJ. Simulation in health care education. 
Perspect Biol Med. 2008;51:31–46.  

    23.    Boulet JR, van Zanten M, de Champlain A, Hawkins RE, Peitzman 
SJ. Checklist content on a standardized patient assessment: an ex 
post facto review. Adv Health Sci Educ. 2008;13:59–69.  

    24.    Baker DP, Salas E, King H, Battles J, Barach P. The role of team-
work in the professional education of physicians: current status and 
assessment recommendations. Jt Comm J Qual Patient Saf. 
2005;31:185–202.  

    25.    van Zanten M, Boulet JR, McKinley DW, de Champlain A, Jobe 
AC. Assessing the communication and interpersonal skills of grad-
uates of international medical schools as part of the United States 
Medical Licensing Exam (USMLE) Step 2 Clinical Skills (CS) 
Exam. Acad Med. 2007;82(10 Suppl l):S65–8.  

http://www.msr.org.il/
http://www.msr.org.il/
http://home.absurgery.org/default.jsp?news_newreqs
http://home.absurgery.org/default.jsp?news_newreqs
http://www.flsprogram.org/wp-content/uploads/2010/10/FLSprogramSoperFried.pdf
http://www.flsprogram.org/wp-content/uploads/2010/10/FLSprogramSoperFried.pdf
http://www.oiiq.org/
http://www.oiiq.org/
http://www.nurses.ab.ca/carna/index.aspx?WebStructureID_3422


170 A. Ziv et al.

    26.    Weller JM, Bloch M, Young S, et al. Evaluation of high  fi delity 
patient simulator in assessment of performance of anesthetists. Br J 
Anaesth. 2003;90:43–7.  

    27.    Morgan PJ, Cleave-Hogg D, Guest CB. A comparison of global 
ratings and checklist scores from an undergraduate assessment 
using anesthesia simulator. Acad Med. 2001;76:1053–5.  

    28.    Downing SM. Validity: on the meaningful interpretation of assess-
ment data. Med Educ. 2003;37:830–7.  

    29.    Newble D. Techniques for measuring clinical competence: objective 
structured clinical examinations. Med Educ. 2004;38:199–203.  

    30.    Berkenstadt H, Ziv A, Gafni N, Sidi A. The validation process of 
incorporating simulation-based accreditation into the anesthesiol-
ogy Israeli national board exams. Isr Med Assoc J. 2006;8: 728–33.  

    31.    Murray DJ, Boulet JR, Avidan M, et al. Performance of residents 
and anesthesiologists in a simulation based skill assessment. 
Anesthesiology. 2007;107:705–13.  

    32.    Girzadas Jr DV, Clay L, Caris J, Rzechula K, Harwood R. High 
 fi delity simulation can discriminate between novice and experi-
enced residents when assessing competency in patient care. Med 
Teach. 2007;29:452–6.  

    33.    Rosenthal R, Gantert WA, Hamel C, et al. Assessment of construct 
validity of a virtual reality laparoscopy simulator. J Laparoendosc 
Adv Surg Tech A. 2007;7:407–13.  

    34.    Tamblyn R, Abrahamowicz M, Dauphinee D, et al. Physician scores 
on a national clinical skills examination as predictors of complaints 
to medical regulatory authorities. JAMA. 2007;298:993–1001.  

    35.    Hatala R, Issenberg SB, Kassen B, Cole G, Bacchus CM, Scalese 
RJ. Assessing cardiac physical examination skills using simulation 
technology and real patients: a comparison study. Med Educ. 
2008;42:628–36.  

    36.    Ziv A, Erez D, Munz Y, Vardi A, Barsuk D, Levine I, et al. The 
Israel Center for Medical Simulation: a paradigm for cultural 
change in medical education. Acad Med. 2006;81(12):1091–7.  

    37.   National Institute for Testing and Evaluation. Available at:   http://
www.nite.org.il/    . Accessed Oct 2006.  

    38.    Berkenstadt H, Ziv A, Gafni N, Sidi A. Incorporating simulation-
based objective structured clinical examination into the Israeli 
National Board Examination in Anesthesiology. Anesth Analg. 
2006;102(3):853–8.  

    39.    Ziv A, Rubin O, Sidi A, Berkenstadt H. Credentialing and certify-
ing with simulation. Anesthesiol Clin. 2007;25(2):261–9.  

    40.    Ben-Menachem E, Ezri T, Ziv A, Sidi A, Berkenstadt H. Identifying 
and managing technical faults in the anesthesia machine: lessons 
learned from the Israeli Board of Anesthesiologists. Anesth Analg. 
2011;112(4):864–6. Epub 2011 Feb 2.  

    41.    Gafni N, Moshinsky A, Eisenberg O, Zeigler D, Ziv A. Reliability 
estimates: behavioural stations and questionnaires in medical 
school admissions. Med Educ. 2012;46(3):277–88.      

http://www.nite.org.il/
http://www.nite.org.il/


    Part II 

  Simulation Modalities and Technologies    
     



173A.I. Levine et al. (eds.), The Comprehensive Textbook of Healthcare Simulation, 
DOI 10.1007/978-1-4614-5993-4_13, © Springer Science+Business Media New York 2013

          Introduction 

 Standardized patients (SPs) are individuals who have been 
carefully selected and trained to portray a patient in order to 
teach and/or evaluate the clinical skills of a healthcare pro-
vider. Originally conceived and developed by Dr. Howard 
Barrows  [  1  ]  in 1964, the SP has become increasingly popular 
in healthcare and is considered the method of choice for 
evaluating three of the six common competencies  [  2  ]  now 
recognized across the continuum of medicine. 

 The standardized patient, originally called a “programmed 
patient,” has evolved over 50 years from an informal tool to a 
ubiquitous, highly sound modality for teaching and evaluat-
ing a broad array of competencies for diverse groups of train-
ees within and outside of healthcare. Barrows and Abrahamson 
 [  1  ]  developed the technique of the standardized patient in the 
early 1960s as a tool for clinical skill instruction and assess-
ment. During a consensus conference devoted to the use of 
standardized patients in medical education, Barrows  [  3  ]  
described the development of this unique modality. He was 
responsible for acquiring patients for the Board Examinations 
in Neurology and Psychiatry and soon realized that the use of 
real patients was not only physically straining but also detri-
mental to the nature of the examination. Patients would tire 
and alter their responses depending upon the examiner, time 
of day, and other situational factors. 

 Barrows also recognized the need for a more feasible 
teaching and assessment tool while instructing his medical 
students. In order to aid in the assessment of his neurology 
clerks, he coached a woman model from the art department 
to simulate paraplegia, bilateral positive Babinski signs, dis-
sociated sensory loss, and a blind eye. She was also coached 

to portray the emotional tone of an actual patient displaying 
these troubling symptoms. Following each encounter with a 
clerk, she would report on his/her performance. Although 
initially controversial and slow to gain acceptance, this 
unique standardized format eventually caught the attention 
of clinical faculty and became a common tool in the instruc-
tion and assessment of clinical skills across all disciplines of 
healthcare. 

 This chapter will present a historical overview of the stan-
dardized patient, prevalence, current uses, and challenges for 
using SPs to teach and assess clinical competence. A frame-
work for initiating, developing, executing, and appraising SP 
encounters will be provided to guide the process of integrat-
ing SP encounters within medical and healthcare profession-
als’ education curricula. 

   Common Terminology and Uses 

 The title “SP” is used, often interchangeably, to refer to sev-
eral different roles. Originally, Dr. Barrows referred to his 
SPs as “programmed” or “simulated patients.” Simulated 
patients refer to those SPs trained to portray a role so accu-
rately that they cannot be distinguished from the actual 
patient. The term “standardized patient” was  fi rst introduced 
almost two decades later by psychometrician, Dr. Geoff 
Norman and colleagues  [  4  ] , to iterate the high degree of 
reproducibility and standardization of the simulation required 
to offer a large number of trainees a consistent experience. 
Accurate simulation is necessary but not suf fi cient for a stan-
dardized patient. Today, the term “SP” is used interchange-
ably to refer to simulated or standardized patient or 
participant. Refer to  Appendix  for a description of the com-
mon SP roles and assessment formats. 

 The use of standardized patients has increased dramati-
cally, particularly over the past three decades. A recent cen-
sus by the Liaison Committee on Medical Education  [  5  ]  
reported that 96% of US Medical Schools have integrated 
OSCEs/standardized patients for teaching and assessment 
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within their curricula. Today, ironically, the internal medi-
cine clerkships (85%) are more likely, and the neurology 
clerkships (28%) are least likely to incorporate SPs into their 
curricula for the assessment of clinical knowledge and skills. 
Approximately 50% or more of the clerkships in internal 
medicine, OBGYN, family medicine, psychiatry, and sur-
gery use SP exams/OSCEs to determine part of their stu-
dents’ grades. In addition, many medical licensing and 
specialty boards in the United States and Canada are using 
standardized patients to certify physician competencies 
 [  6,   7  ] . Notable examples include (a) the National Board of 
Medical Examiners, (b) the Medical Council of Canada, (c) 
the Royal College of Physicians and Surgeons of Canada, 
and (d) the Corporation of Medical Professionals of Quebec. 
Numerous other healthcare education programs are also 
using SPs for instruction and assessment  [  8  ] . 

 As SP methodologies expanded and became more sophis-
ticated, professionals working in the  fi eld became more spe-
cialized, and a new role of educator was born – the “SP 
educator.” An international association of SP educators 
(ASPE) was created in 1991 to develop professionals, 
advance the  fi eld, and establish standards of practice for 
training SPs, designing, and evaluating encounters. Its 
diverse members include SP educators from allopathic medi-
cine, as well as osteopathy, dentistry, pharmacy, veterinary 
medicine, allied health, and others  [  9  ] . This association is 
currently collaborating with the Society for Simulation in 
Healthcare to develop certi fi cation standards for professional 
SP educators  [  10  ] . 

 Standardized patients can be used in a variety of ways to 
teach, reinforce, and/or assess competencies of healthcare 
professionals. In the early decades of SP use, their primary 
role was formative and instructional. Although still widely 
used for the teaching and reinforcement of clinical skills, as 
the practice has matured and evidence has mounted, SPs 
have been integrated into certi fi cation and licensure exami-
nations in the United States, Canada, and increasing numbers 
of other countries.  

   Advantages and Challenges 

 There are several advantages to using SPs to train and evalu-
ate healthcare professionals. Table  13.1  includes a summary 
of the advantages and challenges of using SPs in teaching 
and assessment. The most notable advantages include 
increased opportunity for direct observation of trainees in 
clinical practice, protection of real patients from trainees’ 
novice skills and repeated encounters, standard and  fl exible 
case presentation, and ability to provide feedback and evalu-
ation data on multiple common competencies.  

 Historically, prior to the 1960s, clinical teaching and eval-
uation methods consisted primarily of classroom lecture, 

gross anatomy labs, bedside rounds of real patients, informal 
faculty observations, oral examinations, and multiple-choice 
tests. Prior to the introduction of the SP, there was no objec-
tive method for assessing the clinical skills of trainees. This 
early simulation opened doors to what is today a recom-
mended educational practice for training and certi fi cation of 
healthcare professionals across geographic and discipline 
boundaries. 

 An SP can be trained to consistently reproduce the his-
tory, emotional tone, communicative style, and physical 
signs of an actual patient without placing stress upon a real 
patient. Standardized patients also provide faculty with a 
standard assessment format. Learners are assessed interact-
ing with the same patient portraying the same history, physi-
cal signs, and emotional content. Unlike actual patients, SPs 
are more  fl exible in types of cases presented and can be 
available at any time during the day and for extended peri-
ods of time. SPs can be trained to accurately and consis-
tently record student performance and provide constructive 
feedback to the student, greatly reducing the amount of time 
needed by clinical faculty members to directly observe 
trainees in practice. 

 SPs can also be trained to perform certain basic clinical 
procedures and, in turn, aid in the instruction of trainees. 
When SPs are integrated within high- fi delity simulation 
experiences (hybrid simulations), they enhance the authen-
ticity of the experience and provide increased opportunities 
to teach and assess additional competencies, namely, inter-
personal communication skills and professionalism.   

   Table 13.1    Advantages and challenges of using SPs   

  Advantages  
  Feasibility : Available any time and can be used in any location 
  Flexibility : Able to simulate a broad array of clinical presentations; 
 f aculty able to direct learning objectives and assessment goals 
  Fidelity : Highly authentic to actual patient and family dynamics 
  Formative : Able to provide immediate constructive feedback to 
trainees;  p rovide unique patient perspective on competencies 
  Fend : Protect real patients from repeated exposure to novice skills of 
trainees;  a ble to simulate highly sensitive and/or emotional content 
repeatedly without risk to real patient;  p rotect trainees from anxiety 
of learning skills on real patients 
  Facsimile : Encounters are reproduced allowing numerous trainees to 
be taught and assessed in a standard environment 
  Fair : SP encounters are standardized and controlled allowing for 
reduction of bias, equitable treatment of trainees, and equal 
opportunity to learn the content 
  Challenges  
  Fiscal :    Lay person working as SPs require payment for time spent 
training and portraying their roles 
  Fidelity : Certain physical conditions and signs cannot be simulated 
with SPs (can be overcome with hybrid simulation) 
  Facility : Requires expertise to recruit and train SPs, develop related 
materials, and evaluate appropriately 
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   Framework for SP Encounters 

 Effective SP encounters require a systematic approach to 
development. Figure  13.1  displays a stepwise approach for 
preparing and using SPs in healthcare education. The IDEA 
framework is intended to serve as a guide to developing SP 
encounters, particularly for SP assessments (OSCE, CPX). 
Each of the four steps (Initiate, Develop, Execute, and 
Appraise) is described throughout this chapter with increased 
emphasis on the  fi rst two. This framework does not generally 
apply to a single large-group SP demonstration and assumes 
that the SP encounters are repeated to teach and/or evaluate 
multiple trainees.  

   Initiate: Initial Considerations for Using SPs 
in Healthcare 

 When initiating an SP encounter, it is important to clarify the 
purpose of the exercise. Encounters are intended to reinforce, 
instruct, and/or assess competencies. When designing an 
encounter to assess, the intent should be clari fi ed as forma-
tive (to monitor progress during instruction) or summative 
(to determine performance at end of instruction). Due to the 
increased stakes, summative assessments generally require 
more rigor during the development process. However, all 
assessments require some evidence to support the credibility 
of the encounters and the performance data they derive. It is 
recommended that the developer consider at the earliest stage 
how she/he will determine whether the encounter performed 
as it was intended. How will you appraise the quality of the 
SP encounter? Attention paid to the content, construction of 
data gathering tools, training of SPs, and methods for setting 
performance standards throughout the process will result in 
more defensible SP encounters. 

   Goals and Objectives 
 Next, it is important to consider the competencies and per-
formance outcomes that the encounter is intended to address. 
SP encounters are best suited for teaching and assessing 
patient care as well as the affective competencies, interper-
sonal and communication skills, and professionalism. If the 
speci fi c competencies and objectives have been prede fi ned 
by a course or curriculum, it is simply a matter of determin-
ing which are most appropriate to address via the SP encoun-
ter. Alternatively, there are several methods to determine the 
aggregate needs of trainees, including the research literature, 
association and society recommendations, accreditation 
standards, direct observations of performance, question-
naires, formal interviews, focus group, performance/test 
data, and sentinel events. This data will help the developers 
understand the current as well as the ideal state of perfor-
mance and/or approach to the problem. For detailed informa-
tion on assessing the needs of trainees, see Kern et al.  [  11  ] . 

 Writing speci fi c and measurable objectives for an SP 
encounter and overall SP activity is an important task in 
directing the process and determining what speci fi c strate-
gies are most effective. Details on writing educational goals 
and objectives can be found in Amin and Eng  [  12  ] . Sample 
trainee objectives for a single SP encounter include: (1) to 
obtain an appropriate history (over the telephone) from a 
mother regarding her 15-month old child suffering from 
symptoms of an acute febrile illness, (2) differentiate rela-
tively mild conditions from emergent medical conditions 
requiring expeditious care, and (3) formulate an appropriate 
differential diagnosis based on the information gathered 
from the mother and on the physical exam  fi ndings provided 
to the learner. This encounter which focused on gathering 
history and formulating a differential diagnosis was included 
within an extended performance assessment with the overall 
objective to provide a standard and objective measure of 

• ID & assess need
• Goals & objectives
• Select strategy

Initiate

• Create case scenario
• Create assoc tools
• Recruit
• Train
• Trial

• Orient/brief
• Direct
• Assess quality
• Debrief

• Reaction
• Learning
• Behavior
• Results

Develop

Execute

Appraise

  Fig. 13.1    The IDEA Framework: a stepwise process for preparing and using SPs in healthcare education       
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medical students’ clinical skills at the end of the third year of 
undergraduate medical education  [  13  ] . 

 It is strongly recommended, particularly when multiple 
encounters are planned, that a blueprint be initiated to guide 
and direct the process. The blueprint speci fi es the competen-
cies and objectives to be addressed by each encounter and 
how they align to the curricula  [  14  ] . This ensures that there 
is a link to what is being taught, reinforced, or assessed to the 
broader curriculum. The content of the blueprint will vary 
according to the nature of the encounter. If developers plan 
an SP assessment, then this document may be supplemented 
by a table of speci fi cations, which is a more detailed descrip-
tion of the design. 

 Questions to consider at this stage in the development 
process include: What is the need? What do trainees need to 
improve upon? What external mandates require or support 
the use of the educational encounter? What is currently being 
done to address the need? What is the ideal or suggested 
approach for addressing the need? What data support the 
need for the educational encounter? What is the current per-
formance level of trainees? What will the trainees be able to 
do as a result of the educational encounter?  

   Strategies 
 SPs can be used in a variety of ways, and the strategy should 
derive from the answers to the above questions. In general, 
these strategies fall within two areas: instruction or assess-
ment. Several sample strategies for each of these broad areas 
will be described below. 

   Instruction 
 Although SPs are used to enhance a large group or didactic 
lecture to demonstrate a procedure, counseling technique, or 
steps in physical examination, their greatest instructional 
bene fi t is found in small group or individualized sessions 
where experiential learning can take place. For example, an 
SP meets with a small group of trainees and a facilitator. He 
or she is interviewed and/or physically examined by the 
facilitator as a demonstration, and then the trainees are pro-
vided the opportunity to perform while others observe. One 
variation to the small group encounter is the “time-in/time-
out” technique, originally developed by Barrows et al.  [  15  ] . 
During this session, the interview or physical exam is stopped 
at various points in order for the group to engage in discus-
sion, question the thoughts and ideas of the trainee, and pro-
vide immediate feedback on his/her performance. During the 
“time-out,” the SP acts as though he or she is no longer pres-
ent and suspends the simulation while remaining silent and 
passive. When “time-in” is called, the SP continues as if 
nothing had happened and is unaware of the discussions 
which just occurred. This format allows for  fl exible deliber-
ate practice, reinforcement of critical behaviors, peer engage-
ment, and delivery of immediate feedback on performance. 

 Another example of an effective individual or small group 
teaching encounter is a hybrid  [  16  ]  or combination SP with 
high- fi delity technical simulators. During these encounters, 
technical simulators are integrated with the SP to provide the 
opportunity for trainees to learn and/or demonstrate skills 
that would be otherwise impossible or impractical to simu-
late during an SP encounter (i.e., lung sounds, cardiac arrest, 
labor, and childbirth). For example, Siassakos et al.  [  17  ]  used 
a hybrid simulation to teach medical students the delivery 
skills of a baby with shoulder dystocia as well as effective 
communication strategies with the patient. In this simulation 
encounter, the SP was integrated with a pelvic model task 
trainer and draped to appear as though the model were her 
own body. The SP simulated the high-risk labor and delivery 
and subsequently provided feedback to the students on their 
communication skills. This hybrid encounter was found to 
improve the communication skills of these randomly assigned 
students compared to those of their control group. 

 Another example which highlights the importance of cre-
ating patient-focused encounters is by Yudkowsky and col-
leagues  [  18  ] . They compared the performance of medical 
students suturing a bench model (suture skin training model 
including simulated skin, fat, and muscular tissue) with and 
without SP integration. When the model was attached to the 
SP and draped as though his/her actual arm, student perfor-
mance in technical suturing as well as communication was 
signi fi cantly weaker compared to performance under non-
patient conditions. This research negates the assumption that 
novice trainees can translate newly acquired skills directly to 
a patient encounter and reminds us of the importance of con-
text and  fi delity in performance assessment  [  19  ] . The authors 
concluded that the hybrid encounter provided a necessary, 
intermediate, safe opportunity to further hone skills prior to 
real patient exposure. 

 Most SP encounters are single sessions, where the trainee 
interacts with the SP one time and not over a series of encoun-
ters. However, the use of SPs in longitudinal encounters has 
been shown to be very effective, particularly for teaching the 
complexities of disease progression and the family dynamics 
of healthcare. In order to address family-centered care objec-
tives, Pugnaire et al.  [  20  ]  developed the concept of the stan-
dardized family at the University of Massachusetts Medical 
School. Initially termed the “McQ Standardized Family 
Curriculum,” these longitudinal instructional SP encounters 
involved multiple participants portraying different family 
members. Medical students participated in several encoun-
ters over the course of their clerkship. More recently, Lewis 
et al.  [  21  ]  incorporated SPs into a series of three encounters 
to teach residents how to diagnose, treat, and manage a pro-
gressive disease (viz., Alzheimer’s) over the 10-year course 
of the “patient’s” illness. The sessions took place over three 
consecutive days, but the time was lapsed over these years to 
simulate the progressive illness. These sessions provided 



17713 Standardized Patients

opportunities for deliberate practice and reinforced continu-
ity of care. 

 Over 40 years ago, Barrows  [  22  ]  described the use of SPs 
in a clinical “laboratory in living anatomy” where lay per-
sons were examined by medical students as a supplement to 
major sections of the gross anatomy cadaver lab. This early 
experiential use of SPs led to the more formal role of the 
Patient Instructor and the Gynecological Teaching Associate 
(GTA), developed by Stillman et al.  [  23  ]  and Kretzschmar 
 [  24  ] , respectively. 

 SPs are used to teach physical examination skills. The 
patient instructor is a lay person with or without physical 
 fi ndings who has been carefully trained to undergo a physi-
cal examination by a trainee and then provide feedback and 
instruction on the performance using a detailed checklist 
designed by a physician  [  23  ] . At the University of Geneva 
 [  25  ] , faculty used PIs with rheumatoid arthritis to train 3rd 
year medical students to interview and perform a focused 
musculoskeletal exam. The carefully trained PIs were able to 
provide instruction on examination and communication skills 
during a 60-min encounter. As a result, students’ medical 
knowledge, focused history taking, and musculoskeletal 
exam skills improved signi fi cantly from pre- to post session. 
The authors concluded that “grasping the psychological, 
emotional, social, professional and family aspects of the dis-
ease may largely be due to the direct contact with real 
patients, and being able to vividly report their illness and 
feelings. It suggests that the intervention of patient-instruc-
tors really adds another dimension to traditional teaching.” 
Henriksen and Ringsted  [  26  ]  found that PIs fostered patient-
centered educational relationships among allied health stu-
dents and their PIs. When compared to traditional, faculty-led 
teaching encounters, a class delivered by PIs with rheuma-
tism trained to teach basic joint examination skills and 
“respectful patient contact” was perceived by the learners as 
a safer environment for learning basic skills. 

 The GTA has evolved over the years, and the majority of 
medical schools now use these specialized SPs to help teach 
novice trainees how to perform the gynecologic, pelvic, and 
breast examinations and how to communicate effectively 
with their patient as they do so. Kretzschmar described the 
qualities the GTA bring to the instructional session as includ-
ing “sensitivity as a woman, educational skill in pelvic 
examination instruction, knowledge of female pelvic anat-
omy and physiology, and, most important, sophisticated 
interpersonal skills to help medical students learn in a non-
threatening environment.” Today, the vast majority of medi-
cal schools now use GTAs to teach students these invasive 
examinations (typically during year 2). Male urological 
teaching associates (UTAs) have also been used to teach 
trainees how to perform the male urogenital exam and effec-
tive communication strategies when doing so. UTAs have 
been shown to signi fi cantly reduce the anxiety experienced 

by second year medical students when performing their  fi rst 
male urogenital examination, particularly with regard to 
female students  [  27  ] .  

   Assessment 
 There is a vast amount of research which supports the use of 
SP assessment as a method for gathering clinical perfor-
mance data on trainees  [  28  ] . A detailed review of this litera-
ture is beyond the scope of this chapter. However, defensible 
performance assessments depend on ensuring quality 
throughout the development as well as execution phases and 
should be considered early as an initial step in the process for 
preparing and using SPs in assessment. Norcini et al.  [  29  ]  
outline several criteria for good assessment which should be 
followed when initiating, developing, executing, and apprais-
ing SP assessments. These include validity or coherence, 
reproducibility or consistency, equivalence, feasibility, edu-
cational effect, catalytic effect, and acceptability. 

 One related consideration is “content speci fi city”: 
Performance on a single encounter does not transfer to sub-
sequent encounters  [  30  ] . This phenomenon has theoretical as 
well as practical implications on the design, administration, 
and evaluation of performance assessments. Namely, deci-
sions based on a single encounter are indefensible because 
they cannot be generalized. When making summative deci-
sions about trainee performance, the most defensible 
approach is to use multiple methods across multiple settings 
and aggregate the information to make an informed decision 
about trainee competence. According to Van der Vleuten and 
Schuwirth, “one measure is no measure,” and multiple SP 
encounters are warranted for making evidence-based deci-
sions on trainee performance  [  31  ] . 

 There are several additional practical decisions which 
need to be made at this stage in the process. Resources, 
including costs, time, staff, and space, may limit the choices 
and are important considerations at this stage in the process. 
Questions include: Does the encounter align to the goals and 
objectives of the training program? Is the purpose of the 
encounter to measure or certify performance or to inform 
and instruct trainees? Formative or summative? Limited or 
extended? Do the goals and objectives warrant hybrid simu-
lation or unannounced SP encounters? What is the optimal 
and practical number of encounters needed to meet the goals 
and objectives of the exercise? What is the anticipated length 
of the encounters? How many individual SPs will be needed 
to portray a single role? Is it possible to collaborate in order 
to share or adapt existing resources? 

 SP assessments commonly take one of the following two 
formats: (a) objective-structured clinical examination 
(OSCE) or the (b) clinical practice examination (CPX). The 
OSCE is a limited performance assessment consisting of 
several brief (5–10-min) stations where the student performs 
a very focused task, such as a knee examination, fundoscopic 
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examination, or EKG reading  [  32,   33  ] . Conversely, the CPX 
is an extended performance assessment consisting of several 
long (15–50-min) stations where the student interacts with 
patients in an unstructured environment  [  15  ] . Unlike the 
OSCE format, trainees are not given speci fi c instructions in 
a CPX. Consequently, the CPX is more realistic to the clini-
cal environment and provides information about trainees’ 
abilities to interact with a patient, initiate a session, and 
incorporate skills of history taking, physical examination, 
and patient education. 

 As in any written test, the format of the performance 
assessment should be driven by its purpose. If, for example, 
faculty are interested in knowing how novice trainees are 
performing speci fi c fragmented tasks such as physical exam-
ination or radiology interpretation, then the OSCE format 
would be suitable. If, however, the faculty are interested in 
knowing how they are performing more complex and inte-
grated clinical skills such as patient education, data gather-
ing, and management, then the CPX or unannounced SP 
formats would be an ideal choice. As stated earlier, the pri-
mary advantages of using SP encounters to assess perfor-
mance include the ability to provide highly authentic and 
standard test conditions for all trainees and focus the mea-
surement on the speci fi c learning objectives of the curricu-
lum. SP assessments are ideally suited to provide performance 
information on the third and fourth levels of Miller’s  [  34  ]  
hierarchy: Does the trainee “show how” he is able to perform 
and does that performance transfer to what he actually “does” 
in the workplace? 

 The current USMLE Step 2CS  [  35  ]  is an extended clinical 
practice exam of twelve 15-min SP encounters. Each encoun-
ter is followed by a 10-min post encounter where the student 
completes an electronic patient note. The total testing time is 
8 h. The examination is administered at  fi ve testing facilities 
across the United States where students are expected to 
gather data during the SP encounters and document their 
 fi ndings in a post-encounter exercise. SPs evaluate the data 
gathering performance, including history taking, physical 
examination, and communication/interpersonal skills. 
Synthetic models, mannequins, and/or simulators may be 
incorporated within encounters to assess invasive physical 
examination skills. 

 Another less common but highly authentic method for 
the assessment of healthcare providers is the unannounced 
SP encounter. During these incognito sessions, SPs are 
embedded into the regular patient schedule of the practitio-
ner, who is blinded to the real versus simulated patient. 
Numerous studies have shown that these SPs can go unde-
tected by the physicians in both ambulatory and inpatient 
settings  [  36  ] . The general purpose of these encounters is to 
evaluate actual performance in practice: Miller’s  [  34  ]  ubiq-
uitous fourth and highest (“does”) level of clinical compe-
tence. For example, Ozuah and Reznik  [  37  ]  used 

unannounced SPs to evaluate the effect of an educational 
intervention to train pediatric residents’ skills at classifying 
the severity of their asthmatic patients. Six individual SPs 
were trained to simulate patients with four unique severi-
ties of asthma and were then embedded within the regular 
ambulatory clinics of the residents. Their identities were 
unknown to the trainee and the preceptor, and those resi-
dents who received the education were signi fi cantly better 
able to appropriately classify their patients’ conditions in 
the true clinical environment.    

   Develop: Considerations and Steps 
for Designing SP Encounters 

 The development of SP encounters will vary depending on 
the purpose, objectives and format of the exercise. This sec-
tion will describe several important aspects of developing SP 
encounters including case development, recruitment, hiring, 
and training. Table  13.2  lists several questions to consider at 
this stage of SP encounter development.  

   Table 13.2    Questions for evaluating SP assessments   

 Questions to consider when designing a summative SP assessment 
include: 
   1.  Is the context of the encounter realistic in that it presents a 

situation similar to one that would be encountered in real life? 
   2.  Does the encounter measure competencies that are necessary 

and important? 
   3.  Does it motivate trainees to prepare using educationally sound 

practices? Does participation motivate trainees to enhance 
their performance? 

   4.  Is the encounter an appropriate measure of the competencies 
in question? Are there alternative more suitable methods? 

   5.  Does the encounter provide a fair and acceptable assessment 
of performance? 

   6.  Are the results consistent between and among raters? 
   7.  Do existing methods measuring the same or similar construct 

reveal congruent results? 
   8.  Does the assessment provide evidence of future performance? 
   9.  Does the assessment differentiate between novice and expert 

performance? 
  10.  Do other assessments that measure the same or similar 

constructs reveal convergent results? 
  11.  Do other assessments that measure irrelevant factors or 

constructs reveal divergent results? 
  12. Is the assessment feasible given available resources? 
 A formative assessment will require increased attention to 
the feedback process. In addition to questions 1–4 above, the 
following should be considered when designing formative 
assessments: 
   1.  How will the individual trainee’s performance be captured, 

reviewed, interpreted, and reported back to the learner? 
   2. How will the impact of the feedback be evaluated? 
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   Nature of Encounter 
 If the nature of the encounter is instructional and the SP is 
expected to provide direct instruction to the trainee, a guide 
describing this process should also be developed. The guide 
will vary greatly depending on several factors, including the 
duration, nature, and objectives of the encounter. Sample 
contents include a summary of the encounter and its relation-
ship to the curriculum; PI quali fi cations and training require-
ments; schedules; policies; relevant teaching aids or models 
and instructions for their use during sessions; instructional 
resources including texts, chapters, or videotaped demon-
strations; and models for teaching focused procedures or 
examinations. For a sample training manual for PIs to teach 
behavioral counseling skills, see Crandall et al.  [  38  ] . 

 An encounter incorporated within a high-stakes assess-
ment intended to determine promotion or grades will require 
evidence to support the validity, reliability, and acceptability 
of the scores. In this case, the individual encounter would be 
considered in relation to the broader context of the overall 
assessment as well as the evaluation system within which it 
is placed. For principles of “good assessment,” see the con-
sensus statement of the 2010 Ottawa Conference  [  29  ]  which 
is an international biennial forum on assessment of compe-
tence in healthcare education.  

   Case Development 
 Although not all encounters require the SP to simulate a 
patient experience, the majority requires a case scenario be 
developed which describes in varying detail his/her role, 
affect, demographics, and medical and social history. The 
degree of detail will vary according to the purpose of the 
encounter. For those which are lower stakes or those that do 
not require standardization, the case scenario will be less 
detailed and may simply outline the expectations and pro-
vide a brief summary of his character. Conversely, a high-
stakes encounter which includes simulation and physical 
examination will require a fully detailed scenario and guide-
lines for simulating the role and the physical  fi ndings. 
Typically, a standardized encounter would require a case sce-
nario which includes a summary, a description of the patient’s 
presentation and emotional tone, his current and past medi-
cal history, lifestyle preferences and habits, and family and 
social history. If the SP is expected to assess performance, 
the scenario will also include a tool for recording the perfor-
mance and a guide to carefully describe its use. If the SP is 
expected to provide verbal or written feedback to the trainee, 
a guide describing this process should also be included. 

 Although issues related to psychometrics are beyond the 
scope of this chapter, the text below will describe a standard 
process for developing a single SP encounter intended for 
use in one of multiple stations included in a performance 
assessment. For a comprehensive description of psychomet-
ric matters, see the  Practice Guide to the Evaluation of 

Clinical Competence   [  39  ]  and the  Standards for Educational 
and Psychological Testing   [  40  ] . 

 In order to facilitate the case selection and development 
processes, physician educators should be engaged as clinical 
case consultants. Often if encounters are designed to assess 
trainee performance, multiple physician educators will be 
surveyed to determine what they believe to be the most 
important topics or challenges to include, the key factors 
which are critical to performance, and how much weight 
should be placed upon these factors. 

 Once the topic or presenting complaint for the case has 
been selected, this information should be added to the blue-
print described above. The next step is to gather pertinent 
details from the physician educator. Ideally, the case scenario 
will be based on an actual patient with all identifying infor-
mation removed prior to use. This will make the encounter 
more authentic and ease the development process. 
Additionally, Nestel and Kneebone  [  41  ]  recommend a 
method for “authenticating SP roles” which integrates actual 
patients into all phases of the process, including case devel-
opment, training, and delivery. They argue that SP assess-
ments may re fl ect professional but not real patient judgments 
and by involving actual patients into the process, a more 
authentic encounter will result. This recommendation is fur-
ther supported by a recent consensus statement  [  29  ]  which 
calls for the incorporation of the perspectives of patients and 
the public within assessment criteria. One effective strategy 
for increasing the realism of a case is to videotape actual 
patient interviews about their experiences. The affect, lan-
guage, and oral history expressed by the actual patients can 
then be used to develop the case and train the SPs. 

 A common guide to case development is based on the 
works of Scott, Brannaman, Struijk, and Ambrozy (see 
Table  13.3 ). The 15 items listed in Table  13.3  have been 
adapted from the  Standardized Patient Case Development 
Workbook   [  42  ] . Once these questions are addressed, typi-
cally the SP educator will transpose the information and draft 
training materials, the SP rating scale/checklist, and a guide 
for its use. See Wallace  [  43  ]  Appendix   A     for samples of each 
of the above for a single case. This draft will then be reviewed 
by a group of experts. One method for gathering content-re-
lated evidence to support the validity of the encounter is to 
survey physician experts regarding several aspects of the 
encounter. This information would then be used to further 
re fi ne the materials. Sample content evaluation questions 
include: (1) Does the encounter reinforce or measure compe-
tencies that are necessary for a (level) trainee? (2) Does the 
encounter reinforce or measure competencies that are aligned 
to curricular objectives? (3) How often would you expect a 
(level) trainee to perform such tasks during his/her training? 
(4) Does the encounter require tasks or skills infrequently 
encountered in practice that may result in high patient risk if 
performed poorly? (5) Is the context of the encounter  realistic 

http://dx.doi.org/10.1007/978-1-4614-5993-4_BM1


180 L.D. Howley

in that it presents a situation similar to one that a provider 
might encounter in professional practice? (6) Does the 
encounter represent tasks that have been assessed elsewhere 
either in writing or on direct observation?  

 Very little attention has been paid to the development of 
SP cases and related materials in the published literature. In 
a comprehensive review of literature over a 32-year period, 
Gorter et al.  [  44  ]  found only 12 articles which reported 
speci fi cally on the development of SP checklists in internal 
medicine. They encourage the publication and transparency 
of these processes in order to further develop reliable and 
valid instruments. Despite the lack of attention in published 
reports, the design and use of the instruments used by the SP 
to document and/or rate performance is critical to the quality 
of the data derived from the encounter. Simple binary (done 
versus not done) items are frequently used to determine 
whether a particular question was asked or behavior was per-
formed. Other formats are typically used to gather perspec-
tives on communication and professionalism skills, such as 
Likert scales and free text response options. Overall global 
ratings of performance are also effective, and although a 
combination of formats is most valuable, there is evidence to 
suggest that these ratings are more reliable than checklist 
scores alone  [  45  ] .  

   SP Recruitment and Hiring 
 There are several qualities to consider when recruiting indi-
viduals to serve as SPs. The minimum quali fi cations will vary 
depending upon the nature of the role and the SP encounter. 

For example, if hired to serve as a PI, then teaching skills and 
basic anatomical knowledge would be necessary. If recruiting 
someone to portray a highly emotional case, an individual 
with acting experience and/or training would be bene fi cial. In 
addition to these qualities, it is important to screen potential 
SPs for any bias against medical professionals. SPs with hid-
den (even subconscious) agendas may disrupt or detract from 
the encounters. A screening question to address this issue 
includes “Tell us about your feelings towards and experiences 
with physicians and other healthcare professionals.” 
Additionally, it is important to determine if the candidate has 
had any personal/familial negative experiences with the role 
she is being recruited to portray. Although we do not have 
empirical data to support this recommendation, common 
sense tells us that repeated portrayal of a highly emotive case 
which happens to resemble a personal experience may be 
unsettling to the SP. Examples include receiving news that 
she has breast cancer, portraying a child abuser, or a patient 
suffering from recent loss of a parent. Identifying potential 
challenging attitudes and con fl icting personal experiences in 
advance will prevent potential problems in the execution 
phase. 

 Identifying quality SPs can be a challenge. Several recruit-
ing resources include: theater groups or centers, volunteer 
of fi ces, schools, minority groups, and student clubs. 
Advertisements in newsletters, intranet, and social media 
will typically generate a large number of applicants, and 
depending on the need, this may be excessive. The most suc-
cessful recruiting source is your current pool of SPs. Referrals 
from existing SPs have been reported as the most successful 
method for identifying quality applicants  [  45  ] . 

 It is ideal if individual SPs are not overexposed to the 
trainees: Attempts should be made to avoid hiring SPs that 
have worked with the same trainees in the past. Always 
arrange a face-to-face meeting with a potential SP before hir-
ing and agree to a trial period if multiple encounters. After 
the applicant completes an application, there are several top-
ics to address during the interview including those listed in 
Table  13.4 .  

 The amount of payment SPs receive for their work varies 
according to the role (Table  13.5 ), encounter format, expec-
tations, and geography. A survey of US and Canadian SP 
Programs  [  46  ]  revealed that the average hourly amount paid 
to SPs for training was $15 USD, $16 USD for role por-
trayal, and $48 USD for being examined and teaching inva-
sive physical examination skills. The rates were slightly 
higher in the western and northeastern US regions.   

   SP Training 
 The training of SPs is critical to a successful encounter. 
Figure  13.2  displays a common training process for SPs for 
a simulated, standardized, encounter with expectations for 
assessment of trainees’ skills. This process is intended to 

   Table 13.3    SP encounter pertinent details   

  1. Major purpose of encounter 
  2. Essential skills and behaviors to be assessed during encounter 
  3. Expected differential diagnosis (if relevant) or known diagnosis 
  4. SOAP note from original patient 
  5. Setting (as relevant): place, time of day, time of year 
  6.  A list of cast members (if relevant) and their roles during the 

encounter 
  7.  Patient characteristics (as relevant): age, gender, race, vitals at 

time of encounter, appearance, affect 
  8. Relevant prior history 
  9. Expected encounter progression (beginning, middle, end) 
 10.  Contingency plans for how SP responds to certain actions/

comments throughout encounter 
 11. Information to be made available to the trainee prior to encounter 
 11. Current symptoms 
 12. Relevant past medical and family history 
 13. Relevant currently prescribed and OTC medications 
 14. Relevant social history 
 15.  SP recruitment information (as relevant): age range, physical 

condition, gender, race/origin, medical conditions or physical 
signs which may detract from the case, requirements to undergo 
physical examination, positive physical exam  fi ndings 

  Reprinted from Scott et al.  [  42  ] , with permission from Springer  
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serve as a model and should be adapted to suit the needs of 
the encounter and the SPs being trained. Unfortunately, there 
is a lack of evidence to support speci fi c training SP methods. 
A comprehensive review of SP research reports  [  47  ]  found 
that, although data from SP encounters is frequently used to 
make decisions about ef fi cacy of the research outcomes, less 
than 40% of authors made any reference to the methods for 
training the SPs and/or raters.  

 For a comprehensive text on training SPs, see  Coaching 
Standardized Patients for Use in the Assessment of Clinical 

   Table 13.4    SP interview questions   

 Suggested discussion topics and questions for the potential SP 
include: 
  Discussion of encounter speci fi cs and general nature of the role 
   Assess for potential con fl icting emotions which may impede 

performance or impact the SP 
   Assess comfort with undergoing and/or teaching physical 

examination 
  Review training and session schedule 
  Determine if SP is appropriate for speci fi c case 
   If relevant, discuss need for health screening and universal 

precautions training 
 Common questions to expect during the recruitment process include: 
  What is an SP? Why are they used in healthcare education? 
  Isn’t being an SP just like being an actor? 
  What is the encounter format? 
  How do SPs assess trainees? 
  Where do the cases come from? 
  How does this bene fi t the trainee? 
  What is required of me? 
  How will I be trained? 
  How much time is required? 
  How much do I get paid? 

   Table 13.5    Qualities of standardized patients according to role   

 SP  PI/GTA/UTA 

 Assessment?  Assessment? 

 Yes  No  Yes  No 

 Intelligence  ×  ×  ×  × 
 Excellent  communication skills   ×  ×  ×  × 
 Ability to simultaneously attend to (internal) role and (external) performance of learners  ×  × 
 Ability to deliver constructive feedback  ×  ×  × 
 Ability to accurately recall and record performance  ×  × 
 Conscientiousness and timeliness  ×  ×  ×  × 
 Flexibility in schedule  ×  ×  ×  × 
 Respect for healthcare professionals  ×  ×  ×  × 
 Acting  skills   ×  × 
 Teaching  skills   ×  × 
 Teamwork  skills   ×  ×  ×  × 
 Medical  knowledge   ×  × 

Recruit

• Delineate SP needs

• Interview prospective SPs

• Pre-health screening (if necessary)

• SP Work Contract

• Confidentiality agreement

• Orientation

• Initial case review

• Case review & role play

• Simulation Training with Clinical Consultant

• Evaluation training

• Feedback skills training

• SP preparation

• Station evaluation

• Performance review

Hire

Training
session 1

Training
session 2

Training
session 3

Trial run

  Fig. 13.2    Common training process for SP encounters       
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Competence   [  43  ] . Wallace described six skills critical to an 
effective simulated standardized performance. The follow-
ing should be attended to throughout the training process:
    1.    Realistic portrayal of the patient  
    2.    Appropriate and unerring responses to whatever the stu-

dent says or does  
    3.    Accurate observation of the medical student’s behavior  
    4.    Flawless recall of the student’s behavior  
    5.    Accurate completion of the checklist  
    6.    Effective feedback to the student (written or verbal) on 

how the patient experienced the interaction with the 
student.     

 As stated above, the type and duration of training will vary 
depending upon the expectations and purpose of the encoun-
ter. Details regarding training sessions for role portrayal, 
instruction, evaluation, and feedback will be described below. 
Training SPs to simulate a standardized role with no further 
expectations will take 1–2 h during one or two sessions. If 
you expect them to document and/or rate the performance of 
the trainees, an additional 2–3-h session will be required. 
A trial run with all major players and simulated trainees to 
rehearse the actual encounter is strongly encouraged. This 
session typically takes an additional 1–3 h and, depending on 
performances, may lead to additional training. In 2009, 
Howley et al.  [  46  ]  surveyed SP Programs throughout the 
USA and Canada and found that the average amount of time 
reported to train a new SP before performing his role was 5.5 
(SD = 5) and was reported by the majority of respondents as 
being variable according to the type of encounter. For exam-
ple, if expected to teach trainees, the amount of preparation 
will be signi fi cantly lowered if the PI has prior training in 
healthcare delivery. 

 Regardless of the role that the SP is to being trained to 
perform, all SPs should be oriented to the use of SPs in 
healthcare, policies and procedures of the program, and gen-
eral expectations of the role. It is also bene fi cial to share the 
perspectives of trainees and other SPs who participated in 
similar encounters to highlight the importance of the contri-
bution he/she is about to make to healthcare education. 

   Role Portrayal 
 After the initial orientation, the SP reviews the case scenario 
with the SP educator. If multiple individuals are being hired 
to portray the same role, the SPs should participate as a 
group. Standardization should be clearly de fi ned, and its 
impact on their performance should be made explicit through-
out the training. During a second session, the SP reviews the 
case in greater depth with the SP educator. If available, vid-
eotaped samples of the actual or similar case should be 
shown to demonstrate desired performance. Spontaneous 
versus elicited information should be carefully differenti-
ated, and the SPs should have the opportunity to role-play as 
the patient while receiving constructive feedback on their 

performances. A clinical case consultant also meets with the 
SPs to review clinical details and if relevant, describe and 
demonstrate any physical  fi ndings. In order to provide the 
SPs with greater understanding of the encounter, the consul-
tant should also demonstrate the interview and/or physical 
examination while each SP portrays the role. The  fi nal train-
ing session should be a trial run with all the major players 
including simulated trainees to provide the SPs with an 
authentic preparatory experience. During this trial, the SP 
educator and the clinical consultant should evaluate the per-
formance of all SPs and provide constructive comments for 
enhancing their portrayal. See Box  13.1  for an  SP Critique 
Form  for role portrayal. These questions should be asked 
multiple times for each SP during the training process and 
throughout the session for continuous quality improvement. 
Depending on performance during the trial run, additional 
training may be required to fully prepare an SP for his role. 
As a  fi nal reminder, prior to the initial SP encounter, several 
“do’s and don’ts” of simulation should be reviewed (see 
Box  13.2  for sample).        

   Teaching 
 Patient instructors, including GTAs and UTAs, will often 
participate in multiple training methods which typically 
includes an apprentice approach. After initial recruitment 
and orientation, she/he would observe sessions led by expe-
rienced PIs, then serve as a model and secondary instructor 
for the exam, and  fi nally as an associate instructor. Depending 
on the expectations of the PI role, the training may range 
from 8 to 40 h prior to participation and additional hours to 
maintain skills. General participation and training require-
ments for PIs include (1) health screening examination for 
all new and returning PIs, (2) universal precautions training, 
(3) independent study of anatomy and focused physical 
examination, (4) instructional video review of the examina-
tion, (5) practice sessions, (6) performance evaluation by 
physician and fellow PIs, and (7) ongoing performance eval-
uation for quality assurance and to enhance standardization 
of instruction across associates.  

   Evaluation/Rating 
 There is strong data to support the use of SPs to evaluate his-
tory taking, physical examination, and communications 
skills of (particularly junior) trainees  [  48,   49  ] . If an SP is 
expected to document or evaluate performance, it is impera-
tive that she/he be trained to do so in an accurate and unbi-
ased manner. The goals of this session are to familiarize the 
SPs with the instrument(s) and to ensure that they are able to 
recall and document/rate performance according to the pre-
determined criteria. The instrument(s) used to document or 
rate performance should be reviewed item-by-item for clar-
ity and intent. A guide or supplement should accompany the 
evaluation instruments which clearly de fi nes each item in 
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behavioral terms. The instruments should be completed 
immediately after each encounter to increase recall and accu-
racy. A training technique to increase the accuracy of ratings 
is to review and call attention to errors commonly made by 
SPs (and raters in general) when completing scales. Sample 
effects include halo/horn, stereotyping, Hawthorne, rater 
drift, personal perception, and recency. Several vignettes are 
developed, each depicting one of these errors, and the SPs 

are expected to determine which error is being made in each 
example and discuss its impact on the performance rating. 

 Another effective method for training SPs to use evalua-
tion tools includes showing a videotaped previous SP 
encounter and asking the SPs to individually complete the 
instrument based on the performance observed in the encoun-
ter. The instrument may be completed during (or immedi-
ately after) the encounter, repeat with another sample 

  Box 13.1: SP Critique Form I       

 Evaluator: _______________  SP: __________________ 

  SP Critique Form: Role Portrayal  

 1. Is the SP’s body language consistent with the case description? 
 Yes  No (If no, describe why) 

 2. Is the delivery (tone of voice, rate of speech, etc.) consistent with the case description? 
 Yes  No (If no, describe why) 

 3. Does the SP respond to questions regarding the presenting complaint accurately? 
 Yes  No (If no, describe why) 

 4. Does the SP respond to questions regarding his/her previous medical history accurately? 
 Yes  No (If no, describe why) 

 4. Does the SP respond to questions regarding his/her lifestyle accurately? 
 Yes  No (If no, describe why) 

 5. Does the SP simulate clinical  fi ndings accurately? 
 Yes  No (If no, describe why) 

 6. Does the SP depict his/her case in a realistic manner? 
 Yes  No (If no, describe why) 

 7. Does the SP refrain from delivering inappropriate information or leading the trainee? 
 Yes  No (If no, describe why) 
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  Box 13.2: SP Reminders 

  Do’s and Don’ts of Simulation  
 Do 
 …be both accurate and consistent each time you portray the case. Your goal is to present the essence of the patient 
case, not just the case history, but the body language, physical  fi ndings, and emotional and personality 
characteristics. 

 Don’t 
 …embellish the case. Don’t be creative in the details of the case and stray from the standardized information. 

 Do 
 …maintain role throughout the encounter no matter what the trainee may say or do in attempt to distract you from your 
role. 

 Don’t 
 …break from your role. Even if the trainee breaks from his/her role, the best thing to do is keep being you, the patient. 
Generally, trainees will regain the role if you don’t miss a beat. 

 Do 
 …incorporate aspects of your own life when these details do not detract from the reality of the simulation. Try to feel, 
think, and react like the patient would. Begin to think about how “you” feel rather than the more distant stance of how 
the “patient” feels. 

 Don’t 
 …view the case as a script to be memorized since you will lose some of the reality of portraying a real patient. 

 Do 
 …provide constructive feedback in your evaluation checklist as seen from the patient’s point of view. 

 Don’t 
 …simply restate in your feedback what the trainee did or did not do during the encounter. 

 Do 
 …self-monitor your comfort level with the role. You must believe in the plausibility of the role in order to assume it. 
Also be sure that a simulation striking “too close to home” does not impact your ability to portray the role. If this is 
the case, then this role may not be a good match for you. 

 Do 
 …take the role seriously and carefully review the details of the case. Ask questions as you see possible discrepancies 
in the role and seek clari fi cation when needed. 
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encounter, and require the SPs to complete the instrument 
afterwards via recall. Afterwards, collect the instruments and 
tally the results for visual presentation. The SPs then discuss, 
as a group, those items about which they disagree. Rating 
scales can be particularly challenging in forming consensus, 
but in general, a behaviorally anchored scale will result in 
greater agreement of ratings. If necessary, replay the video-
tape to resolve any misunderstood behaviors that arise dur-
ing the training exercise.  

   Feedback 
 One of the greatest bene fi ts of SP encounters is the immedi-
ate feedback delivered by the SP to the trainee. Whether pro-
vided in writing or orally, training SPs to provide constructive 
feedback to the trainees is critically important. As in other 
areas, the training content and duration will vary according 
to the nature of the role and the purpose of the encounter. 
There are several resources available for feedback training 
which can be readily adapted to suit the needs of a particular 
encounter  [  50–  52  ] . 

 The primary goal of this training session is to equip the 
SPs with the knowledge and skills to provide quality con-
structive feedback to the trainees. Feedback is de fi ned as 
“information communicated to the learner that is intended to 
modify the learner’s thinking or behavior for the purpose of 
improved learning”  [  53  ] . SPs should be trained to deliver 
feedback that is descriptive and nonevaluative. The focus of 
the feedback should be consistent with the intent and exper-
tise of the SP. Unless the SPs are serving as trained instruc-
tors, the SP should limit the feedback to how the patient felt 
during the encounter. In other words, feedback regarding 
clinical skills should be reserved for those faculty or others 
who hold this expertise. The SOAP model and DESC script 
are two effective methods for training SPs to frame and 
deliver constructive feedback to trainees  [  51  ] . 

 Once the parameters and principles of the feedback have 
been reviewed, training should continue with opportunities 
for the SPs to put this knowledge into practice. To begin, ask 
the SPs to view a videotaped encounter and assume the role 
of the SP in the video. Immediately afterwards, ask the SP to 
deliver feedback to the “trainee” who in this exercise is simu-
lated by another SP or a staff member. The SP role-plays 
delivering feedback while an observer critiques the perfor-
mance. Refer to Box  13.3  for sample questions to guide the 
critique. 

 The SPs ability to provide constructive written feedback 
should not be ignored. Many of the same principles of con-
structive feedback apply to both oral and written communi-
cations. One method for reinforcing the SPs writing skills is 
to provide a series of feedback statements, some of which are 
inappropriate. Ask the SPs to review each statement and, 
when appropriate, rewrite to re fl ect a more constructive 
comment.     

   Trial Run 
 After SPs have been trained to perform their various roles 
(simulator, evaluator, and/or instructor), it is important to 
provide an opportunity to trial the encounter. These dress 
rehearsals should proceed as the actual event to allow for 
 fi nal preparation and  fi ne-tuning of performance. Depending 
on the nature of the encounter/s, the objectives of the trial run 
may include: provide SPs with a better understanding of the 
format of the encounter, critique the SPs role portrayal, 
determine the SPs evaluation skills, orient and train staff, and 
test technical equipment. Simulated trainees should be 
invited to participate and provide feedback on the encounter, 
including the SPs portrayal. Although minor revisions to the 
cases may be made between the trial and the  fi rst encounter, 
it is preferable for the materials to be in  fi nal form prior to 
this session. Videotape review of the encounter/s with feed-
back provided to the SPs is an excellent method to further 
enhance SP performance and reinforce training objectives. 
The SP Critique Forms (Boxes  13.1  and  13.3 ) described 
above can be used to provide this feedback.    

   Execute and Appraise: Steps to Administer 
and Evaluate SP Encounters 

 The administration of SP encounters will vary by level of 
complexity and use of outcomes. This  fi nal section will sum-
marize several recommendations for ensuring a well-run 
encounter. However, the efforts expended earlier to align the 
encounter to relevant and appropriate objectives; to recruit, 
hire, and train SPs suited to perform and evaluate trainee per-
formance; and to construct sound training and scoring mate-
rials will go a long way to strengthen the encounter and the 
outcomes it yields. 

   Major Players 
 Directing an SP encounter can be a very complex task. 
Depending on the number of simultaneous encounters, the 
number of roles, the nature of the cases, and the number of 
trainees, the production may require dozens of SPs and staff 
support. See Table  13.6  for a description of major players 
and their roles in an SP assessment.   

   Orientation/Brie fi ng 
 As with any educational offering, the orientation of the train-
ees to the SP encounter is critical to the overall quality of the 
experience. Trainees should know the purpose and expecta-
tions of the encounter/s; they should be made aware of the 
quality of the educational experience, how it is aligned to 
their curricula, instructions on how to progress through the 
encounter/s, implications of their performance, and how they 
can provide feedback on the encounter/s for future enhance-
ments. Ideally, trainees should be able to self-prepare for the 
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  Box 13.3: SP Critique Form II       

 Evaluator: _______________  SP: __________________ 

  SP Critique Form: Feedback  

 The SP began by asking the trainee whether he/she would like feedback. 
 Yes  No 

 The SP began the feedback session by allowing the learner to describe how he/she felt the interaction went. 
 Yes  No (If no, describe why) 

 The SP provided feedback about a performance strength. 
 Yes  No (If no, describe why) 

 The SP provided feedback about behaviors that the learner could do something about. 
 Yes  No (If no, describe why) 

 The SP’s feedback was speci fi c. 
 Yes  No (If no, describe why) 

 The SP’s feedback was nonevaluative. 
 Yes  No (If no, describe why) 

 The SP checked to ensure that the feedback was received. 
 Yes  No (If no, describe why) 

 The SP provided appropriate feedback within his/her expertise and intent of the encounter. 
 Yes  No (If no, describe why) 

 The SP provided a suf fi cient amount of feedback. 
 Yes  No (If no, describe why) 

  From Howley and McPherson  [  51  ]     
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encounter by reviewing relevant literature, training videos, 
policies and procedures, etc. These preparation strategies are 
consistent with Knowles et al.’s  [  54  ]  assumptions of adult 
learners, including that they need to know what they are 
going to experience, how it applies to their daily practice, 
and how they can self-direct their learning. 

 When orienting and executing SP encounters, it is impor-
tant to maintain  fi delity by minimizing interactions with the 
SPs outside of the encounters. Trainees should not see the 
SPs until they greet them in the simulation. In addition, an 
individual SP should not engage with the same trainees while 
portraying different roles. Although this may be impractical, 
steps should be taken to avoid overexposure to individual 
SPs. During an encounter, the SP should always maintain his 
character (with the notable exception of the “time-in, time-
out” format). If the trainee breaks role, the SP should not 
reciprocate.  

   Quality Assurance 
 Intra-evaluation methods, such as inter-rater agreement and 
case portrayal checks, should be implemented to monitor 
quality. Woehr and Huffcutt  [  55  ]  found that raters who were 
trained on the standards and dimensionality for assigning 
ratings were more accurate and objective in their appraisals 
of performance. Speci fi c methods include an  SP Critique 
Form  (Box  13.1 ), or a similar tool, to audit the accuracy and 
realism of the role. If multiple encounters are required over 
an extended period of time, critiques should be done periodi-
cally to assess performance. Similarly, the SPs delivery of 
written and oral feedback should also be monitored to pre-
vent possible performance drift (see Box  13.3 ). Similar qual-
ity assurance measures have been shown to signi fi cantly 
reduce performance errors by SPs  [  56  ] . A second approach 
to assuring quality is to introduce additional raters in the pro-
cess. A second rater views the encounter (in real or lapsed 
time) and completes the same rating and checklist instru-
ments of the SP. An assessment of the inter-rater agreement 

will help determine if the ratings are consistent and if indi-
vidual SPs need further training or recalibrating.  

   Debrie fi ng 
 Although there are clear guidelines for debrie fi ng trainees 
following simulation encounters  [  57  ] , there is a paucity of 
published reports on debrie fi ng SPs. It is important to debrief 
or de-role the SP following the encounter. This is particularly 
important for those cases which are physically or emotion-
ally challenging. Methods used to detach the SP from his role 
include discussions about his orientation and trainee behav-
iors during the sessions. Casual conversations about future 
plans and life outside of their SP role will also facilitate the 
debrief process. The goal of this process is to release ten-
sions, show appreciation for the work, distance the SP from 
the emotions of the role, and allow the SP to convey his feel-
ings and experiences about his performance  [  58  ] .  

   Evaluation 
 The evaluation of the encounter should be integrated through-
out the entire IDEA process. Data to defend the quality of the 
encounter is gathered initially when multiple stakeholders are 
involved in identifying the needs of the trainees, in develop-
ing the case and associated materials, and in training the SPs. 
Evaluation of the outcomes is critical to assess the overall 
value of the offering as well as areas for future enhancement. 
Appraisal evidences for the validity, reliability, and acceptabil-
ity of the data resulting from performance assessments were 
described earlier. This evidence determined the utility of the 
SP assessment in making formative and summative decisions. 

 A common 4-step linear model by Kirkpatrick and 
Kirkpatrick  [  59  ]  can be used to appraise the encounter/s, par-
ticularly instructional strategies. This model includes the fol-
lowing progressive outcomes: (1)  reaction  to the offering 
(how he felt about the experience), (2) whether  learning  
occurred (pre to post differences in performance), (3) whether 
 behavior  was effected (generalizable to actual behaviors in 

   Table 13.6    OSCE/SP assessment major players and their roles   

 Role  Responsibilities 

 Exam director  Oversee the entire production; facilitate the development of the cases, training materials, post-encounter stations, 
related instruments, and setting of examination standards 

 Exam steering committee  Address issues ranging from review of exam blueprint to justi fi cation and procurement of  fi nancial support 
 Clinical case consultant(s)  Provide guidance on case including evaluation instruments, train SPs on physical  fi ndings and assess quality of 

portrayal, set examination passing standards, de fi ne remediation strategies 
 SP educator(s)  Recruit, hire, and train all SPs; provide ongoing feedback on quality of SP performance; contribute to the 

development of the cases, training materials, post-encounter stations, and related instruments 
 SP  Complete all prescreening requirements and training sessions, continually monitor self and peer performances, 

present case, and evaluate trainees’ performance timely, consistently, and accurately throughout the examination 
 Administrative assistant(s)  Maintain paperwork for all SPs and support staff, create schedules, prepare materials 
 Proctor(s)  Monitor time schedule throughout examination, proctor trainees during interstation exercises, oversee “smooth” 

functioning of the examination 
 Technical assistant  Control video monitoring equipment to ensure proper capture, troubleshoot all technical dif fi culties as they arise 
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practice), and (4) whether this produced  results  in improve-
ments in patient care or system enhancements (impactful on 
his patients or the system in which he practices). The major-
ity of SP encounters have focused on the levels 1 and 2 of 
this model with participant surveys and pre-posttests of per-
formance and/or knowledge to measure the effect of the 
encounter on knowledge, comprehension, and/or applica-
tion. Levels 3 and 4 are relatively dif fi cult to measure; how-
ever, if the encounter/s can be attributed to positive changes 
at these levels, the outcomes are commendable.    

   Conclusion 

 Whether the purpose is to certify a level of achievement, pro-
vide feedback to trainees about their clinical skills, or provide 
faculty with information about curriculum effectiveness, stan-
dardized patients will continue to play a vital role in the educa-
tion of our healthcare professionals. Although the development 
of optimal SP encounters requires time, commitment, and 
resources, the reward is our ability to instruct an  d assess train-
ees in a safe, authentic, and patient-centered environment.       

   Appendix: Brief Glossary of Common Roles 
and Encounter Formats    

  Common roles  
 Standardized patient  A lay person trained to portray a medical patient’s relevant history, physical  fi ndings, and affect. SPs 

may be used in assessment or instructional encounters. They can also be trained to provide feedback 
on the performance of trainees. Typically, multiple lay persons are trained to portray the same 
patient in a  standard  fashion to allow for repeated performance and fair assessment of numerous 
trainees in a short time period 

 Simulated patient  A lay person trained to portray a medical patient’s relevant history, physical  fi ndings, and affect. SPs 
may be used in assessment or instructional encounters. They can also be trained to provide feedback 
on the performance of trainees. Typically, educators differentiate simulated from standardized 
patients based on whether there are single or multiple lay persons trained to simulate the role in a 
low- or high-stakes encounter, respectively 

 Simulated participant or confederate  A lay person trained to portray a family member, friend, or nurse of a “patient” during a hybrid 
simulation encounter. The “patient” in these encounters is a high- fi delity human patient simulator. 
SPs may be used in assessments or instructional encounters to increase the  fi delity and/or evaluate 
the performance of the individual or team of trainees. They can also be trained to provide feedback 
on the observed performance 

 Patient instructor or educator  A lay person trained to provide instruction on the physical examination using his/her own body. This 
instruction is typically delivered in small group settings where the trainees have the opportunity to 
view demonstrations of the exam as well as practice these newly acquired skills on the PI. These lay 
persons are trained on physical exam skills, teaching techniques, and delivering constructive 
feedback to trainees 

 Gynecological teaching associate  A female patient instructor speci fi c to the gynecological examination 
 Urological teaching associate  A patient instructor speci fi c to the male urogenital examination 
  Formats and methods  
 OSCE  An  o bjective- s tructured  c linical  e xamination is a limited performance assessment consisting of 

several brief (5–10-min) stations where the student performs a very focused task, such as a knee 
examination, fundoscopic examination, or EKG reading  [  27  ] . SPs are often integrated within these 
examinations to simulate patients, evaluate performance, and provide feedback to trainees 

 CPX  The  c linical  p ractice e x amination is an extended performance assessment consisting of several 
(15–50-min) stations where the student interacts with patients in an unstructured environment  [  15  ] . 
Unlike the OSCE format, students are not given speci fi c instructions in a CPX. Consequently, the 
CPX is realistic to the clinical environment and provides information about a student’s abilities to 
interact with a patient, initiate a session, and incorporate skills of history taking, physical examina-
tion, and patient education 

 Hybrid simulation  A simulation that integrates standardized, simulated patients and/or participants with technologies, 
such as high- fi delity simulators, task trainers, and/or medium- fi delity mannequins  [  16  ]  

 Patient encounter  A general term for the station or setting where a single simulation takes place 
 Unannounced standardized patient  An SP who has been covertly integrated into the real clinical practice environment to evaluate the 

performance of a healthcare professional 
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          Introduction 

 Acceleration of the patient safety movement over the last 
decade has brought a heightened level of scrutiny upon the 
traditional time-based, apprenticeship model of medical edu-
cation. Throughout the twentieth century, the guiding prin-
ciple of medical education was that time served in the clinical 
setting was a reasonable proxy for professional competency 
and the capacity for independent practice. Historically, phy-
sicians have been trained through a largely haphazard pro-
cess of practicing potentially risky interventions on human 
patients, and the types of situations physicians gained expe-
rience in managing during their training years were deter-
mined largely by serendipity. In 2003 and again in 2011, the 
Accreditation Council for Graduate Medical Education insti-
tuted progressive restrictions on the number of hours that 
American physician trainees can spend in direct patient care 
or on-site educational activities. These changes were intended 
to address a growing appreciation of the patient safety threat 
posed by fatigue-related medical errors. However, they 
would also limit allowable training time to a degree that cre-
ated a need for fresh approaches that are capable of bridging 
a growing “experience gap” for physicians-in-training. 

 Increasing regulatory pressures have revived interest in 
using simulation technology to help transform the traditional 
time-based model of medical education to a criterion-based 
model. Human patient simulation has undergone a period of 

considerable growth since 2003, resulting in the establish-
ment of a dedicated professional journal and yearly interna-
tional meeting whose attendance increased 15-fold between 
2003 and 2008  [  1  ] . The majority of simulation taking place 
in medical education today involves the use of full-scale, 
computer-driven mannequins that are capable of portraying 
human physiology and around which a realistic clinical envi-
ronment can be recreated. In this sense, mannequin simula-
tors are uniquely suited for creating training scenarios 
capable of satisfying the highest requirements for equipment 
 fi delity, environment  fi delity, and psychological  fi delity, or 
the capacity to evoke emotions in trainees that they could 
expect to experience in actual practice. However, there are 
signi fi cant logistical challenges associated with gathering 
work-hour limited trainees at suf fi ciently frequent intervals 
to foster maintenance of clinical competency using manne-
quin simulation. Moreover, the high cost of equipping and 
maintaining a state-of-the-art simulation facility places 
signi fi cant limitations on the ability of mannequin simula-
tion to integrate fully into existing curricula. Although 
staf fi ng costs are the single most expensive part of manne-
quin simulation, descriptive reports of academic simulation 
programs commonly avoid a thorough accounting of instruc-
tor salaries, technician salaries, and opportunity costs when 
defending their cost-effectiveness or sustainability  [  2–  5  ] . 

 As the medical simulation  fi eld matures, there is growing 
interest in the use of complementary technologies such as 
computer screen-based simulators, to make simulation more 
affordable and more accessible to health-care professionals. 
Screen-based simulators are designed in the image of popu-
lar gaming devices that present information on a computer 
screen, in the form of dynamic graphical images and supple-
mentary text. The operator interacts with the user interface 
using keyboard, joystick, touchpad, or computer mouse con-
trols. Contemporary screen-based simulators for medical 
education owe their earliest origins to a prototype from the 
early 1960s, which Entwisle and colleagues developed to 
provide instructor-free training in differential diagnosis  [  6  ] . 
This was a desk-sized, LGP-30 digital computer (Royal 
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Precision Corporation, Port Chester NY) that was pro-
grammed to randomly generate hypothetical patients with 
one of six possible diagnoses. Each “patient” possessed a 
unique array of physical  fi ndings, as determined from symp-
tom frequency tables that were painstakingly assembled by 
the investigators and subsequently stored by the computer 
for each diagnosis. The computer would display the words 
“yes”, “no”, or “no information” in response to a student typ-
ing individual symptoms from a master list. If the student 
ultimately arrived at an incorrect diagnosis at the end of this 
process, the computer would issue a prompt to enter addi-
tional queries. It took 4 full minutes for the computer to gen-
erate each hypothetical patient and ready itself for student 
queries, and the entire program operated at the limits of the 
computer’s 4,096-word memory. 

 By the early 1980s, personal computer (PC) technology 
had become powerful and inexpensive enough to make wide-
spread availability of more sophisticated screen-based simu-
lators a realistic possibility. Created in the image of  fl ight 

simulators from the same era, these “second-generation” 
medical simulators were originally designed as anesthesiol-
ogy trainers that could mathematically model how pharma-
ceuticals interact with circulatory, respiratory, renal, and 
hepatic pathophysiology  [  7  ] . The interface to the simulator 
contained a graphics display that recreated key aspects of the 
operating room environment, including a patient, an array of 
airway management options, and a monitor showing ECG, 
central venous pressure, and systemic and pulmonary arterial 
waveforms (Fig.  14.1 ). An anesthesia machine, oxygen ana-
lyzer, spirometer, circle system, ventilator, nerve stimulator, 
and  fl ow-in fl ating anesthesia bag were also represented on 
the display. These capabilities supported the portrayal of real-
istic and dynamic clinical scenarios using an intuitive inter-
face that allowed the operator to interact with the device as he 
or she would interact with an actual patient. This “Flight 
Simulator for Anesthesia Training” set the standard for 
screen-based simulators that were designed for training 
health-care professionals in the decades that followed.   

  Fig. 14.1    A screen-based simulator for general anesthesia training, ca. 1987. The simulator’s mouse-controlled graphics display is shown, depict-
ing a patient, the patient history, and key aspects of the operating room environment (From Schwid  [  7  ] )       
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   The Fidelity Spectrum in Screen-Based 
Simulation 

 Screen-based simulators for health-care education now encom-
pass a broad spectrum of  fi delity, a term that describes the 
number and authenticity of sensory or environmental “cues” 
that the simulator provides as part of the context surrounding 
the clinical scenario it depicts. Occupying the highest end of 
the environmental and psychological  fi delity spectrum are 
“virtual reality” trainers. These are highly sophisticated screen-
based simulators that are capable of representing complex 
physical spaces in three dimensions while allowing multiple 
users to interact with virtual objects and animated versions of 
one another (“avatars”) within the virtual environment  [  8  ] . 
Positioned somewhat lower on the  fi delity spectrum are “con-
ventional” screen-based simulators, which aspire to represent 
fewer aspects of the physical environment, yet demonstrate a 
degree of  fi delity suf fi cient to re fi ne clinical judgment and 
develop the cognitive structures that are required to execute 
complex tasks in a reliable manner. 

 All screen-based simulators, regardless of their  fi delity level, 
address some of the inherent disadvantages of mannequin simu-
lation. First, because screen-based simulations are entirely con-
ducted on a personal computer or within a web browser, they 
offer unparalleled  fl exibility of the time and place in which the 
training exercises occur. Second, every correct or incorrect deci-
sion the operator makes during the simulation can be captured 
and tracked quite easily, rendering screen-based simulation 
highly suitable for developing or assessing competency in large 
groups of health-care providers. In the case of virtual reality 
simulators, even physical movements can be captured and 
tracked, a feature which renders them capable of driving train-
ees to higher levels of technical skill performance. Finally, 
screen-based simulations offer signi fi cant cost advantages over 
mannequin simulation  [  9  ] . While screen-based simulations can 
have high initial development costs, they do not require an 
instructor to be present while the trainee completes an exercise. 

 While virtual reality simulators possess a set of attributes 
that will ultimately allow instructors to extend screen-based 
simulation objectives beyond the cognitive domain into the 
technical and affective domains, ful fi llment of their potential to 
truly transform simulation training remains dependent on addi-
tional research and development. This chapter will focus on 
conventional screen-based simulation, an area in which there 
has been considerable growth over the past several years.  

   Core Technical Standards 
for Screen-Based Simulators 

 There are several key attributes possessed by all screen-based 
simulators that allow them to operate “intelligently” and pro-
vide an effective learning experience without the need for 

instructor presence (Table  14.1 ). First, screen-based simula-
tors have a  graphical user interface  that displays the simula-
tor “output.” The display includes an image of the patient 
that changes according to how the simulated scenario unfolds 
and shows monitored clinical parameters that are appropriate 
for the type of setting in which the scenario is supposed to be 
occurring. For example, scenarios that are occurring in an 
emergency department or hospital ward setting should at 
least show an ECG tracing sweeping across the cardiac 
rhythm monitor, and perhaps an oxygen saturation tracing. 
Scenarios that are occurring in the operating room or an 
intensive care setting should add dynamic waveform displays 
for arterial blood pressure, central venous pressure, and end-
tidal carbon dioxide, as well as pulmonary arterial catheter 
waveforms, if applicable. Audible alarms and/or monitor 
tones can provide realistic environmental cues that deepen 
the operator’s engagement with the simulation. The graphi-
cal user interface should operate as intuitively as possible, so 
that the trainee can provide “input” to the simulator using a 
computer mouse, touchpad, or simple keyboard controls, as 
appropriate for the device on which the program is operating. 
The key to ensuring interface simplicity is to maintain a very 
clear idea of the training objectives and limit the “scene 
detail” portrayed in the displays to only those elements that 
are required to manage the case. Although initial develop-
ment of an elegant user interface involves considerable effort 
and expense, individual components such as cardiac rhythm 
displays, patient images depicting various stages of resusci-
tation, the de fi brillator, and a representation of other medical 
devices can be reused as part of any number of scenarios, 
thus reducing the overall development costs  [  8  ] .  

 Screen-based simulators must be developed around a sim-
ulation “engine” that governs how the simulated patient 
responds to the operator’s interventions during the case. The 
engine consists of mathematical  models  of pharmacology as 
well as cardiovascular and respiratory physiology. The phar-
macokinetic model predicts blood and tissue levels as well as 
elimination for any drug administered to the simulated patient. 
The pharmacodynamic model predicts the effects of any drug 
on heart rate, cardiac contractility, vascular resistance, barore-
ceptor response, respiratory drive, and other physiologic 
parameters. The cardiovascular model predicts changes in 
cardiac output and blood pressure in response to these effects, 

   Table 14.1    Key attributes of screen-based simulators   

 Easy-to-use graphical user interface 
 Models and states to predict simulated patient responses 
 Automated help system 
 Automated debrie fi ng and scoring 
 Automated case record 
 Case library 
 Learning management system compatibility 
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and the respiratory model predicts subsequent alterations in 
gas exchange which are re fl ected in the simulated patient’s 
blood gas. Thus, the individual models interact with one 
another to emulate and portray complex human pathophysiol-
ogy. What appears to the operator as a dynamic yet coherent 
case scenario is actually modeled using a  fi nite number of 
 states . The case author designs a set of states, each of which 
describes the physiologic condition of the patient at various 
points as the simulation unfolds. Each state moves to the next 
if a set of predetermined transition conditions are met. The 
physiologic status of the simulated patient, as represented in 
the simulator as vital sign changes, laboratory values, and 
other cues, is constantly updated by the combination of model 
predictions and transitions between states. Discussion of how 
a  fi nite state machine interacts dynamically with mathemati-
cal models to depict a realistic clinical scenario is available in 
Schwid and O’Donnell’s 1992 description of a malignant 
hyperthermia simulator  [  10  ] . 

 Screen-based simulators should also contain a series of 
embedded feedback devices to provide guidance to the 
trainee as he or she navigates the case scenario. These include 
an  automated help system  which provides real-time informa-
tion about drug dosing and mechanism of action, as well as 
on-demand suggestions for the trainee about what he or she 
should do next for the patient  [  11  ] . In addition, these simula-
tors should contain an  automated debrie fi ng system  that cap-
tures all of the management decisions that were made during 
the case  [  12  ] . This system recognizes when the operator has 
met all the learning objectives for the scenario and issues 
feedback that the simulation has ended. However, if the 
patient does not survive in the scenario, the debrie fi ng sys-
tem issues feedback suggesting the operator practice the case 
again. In either situation, when the scenario is over, the 
debrie fi ng system provides a time-stamped record of deci-
sions the operator made while managing the case. In addi-
tion, the  case record  produces a complete log of the user’s 
management decisions and patient responses  [  13  ] . It also 
indicates where the user gained or lost points during the sce-
nario and issues a score for overall performance. 

 Ideally, the simulator software package would include 
a set of pre-written, ready-to-use case scenarios, or a  case 
library   [  14,   15  ] . Each simulation case scenario in the 
library is represented by a data  fi le that is read and inter-
preted by the simulator program. There are many possible 
formats for the data  fi le including simple text or XML 
(extended markup language)  [  16,   17  ] . It is desirable for 
case authors to share their case scenarios with one another 
in order to facilitate development of a large library of con-
tent. At this time, there is no single standard case format, 
but the Association of American Medical Colleges sup-
ports a web-based, accessible format at its medical educa-
tion content repository, MedEdPORTAL (  https://www.
mededportal.org/    ). See, for example, a case scenario for 

anaphylaxis which comes complete with learning objectives 
and debrie fi ng messages  [  18  ] . 

 In recent years, many health-care organizations have 
adopted ways to centralize and automate the administration 
of training modules to their clinician workforce. These 
“learning management systems” (LMS) are software appli-
cations capable of importing and managing a variety of 
e-learning materials, provided the learning modules comply 
with the system’s speci fi cations for sharable content (e.g., 
Sharable Content Object Reference Model or “SCORM”). 
 LMS compatibility  is rapidly becoming a desirable attribute 
for screen-based simulators, as they progress from operating 
as installed applications on individual computer terminals to 
applications that can operate within web browsers. Integrating 
screen-based simulation into a learning management system 
gives administrators the ability to chart health-care profes-
sionals’ progress through a diverse library of training cases. 
As standardized scoring rubrics for screen-based simulations 
are developed and validated, learning management systems 
will also be able to securely track speci fi c competencies, as 
assessed using screen-based simulation rather than tradi-
tional multiple-choice testing.  

   Examples of Screen-Based Simulators 

 Several software companies now market case-based simula-
tions that are designed to operate on personal computers. 
Mad Scientist Corporation (  www.madsci.com    ) and Anesoft 
Corporation (  www.anesoft.com    ) have each been in this busi-
ness for approximately 25 years. Both produce a suite of pro-
grams that offer training in the management of adult and 
pediatric acute and critical care scenarios. Anesoft 
Corporation has a particularly extensive range of case-based 
simulators encompassing the domains of adult and pediatric 
critical care, neonatology, obstetrics, anesthesiology, and 
bioterrorism (Table  14.2 ). This chapter will focus its discus-
sion on Anesoft screen-based simulators and a couple of 
other innovative and promising research prototypes.  

   Table 14.2    Anesoft case-based medical simulators   

 ACLS Simulator 
 PALS Simulator 
 Anesthesia Simulator 
 Critical Care Simulator 
 Sedation Simulator 
 Pediatrics Simulator 
 Obstetrics Simulator 
 Neonatal Resuscitation Simulator 
 Bioterrorism Simulator 
 Hemodynamics Simulator 

https://www.mededportal.org/
https://www.mededportal.org/
http://www.madsci.com/
http://www.anesoft.com/
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   Anesoft Advanced Cardiac Life Support (ACLS) 
Simulator 

 The Anesoft ACLS Simulator was developed almost 20 
years ago, to address the observation that knowledge of 
the American Heart Association guidelines for manage-
ment of cardiac arrest states decayed quickly following 
formal classroom training  [  19–  22  ] . The program was origi-
nally designed as an installed application that could run on 
Windows (Microsoft Corporation, Redmond WA) computers 
 [  23  ] . Two modules are contained within the ACLS Simulator 
package. The “Rhythm Simulator” is designed to teach and 
reinforce a structured approach to recognizing common car-
diac rhythm disturbances. The second module is the ACLS 
megacode simulator itself, whose graphical user interface dis-
plays dynamic photographic images of the simulated patient 
and two resuscitators, as well as a cardiac monitor display-
ing the patient’s current rhythm sweeping across the screen 
(Fig.  14.2 ). The user controls the actions of the resuscitators 
by interacting with the interface using a computer mouse and 
a series of dashboard buttons. The ACLS Simulator contains 
an automated debrie fi ng system and a built-in, on-demand 
help system that prompts the user to take the next appropri-
ate action in each scenario. At the conclusion of each case, 
the simulator produces a detailed, downloadable or print-
able case record summarizing all of the decisions the trainee 
made during the scenario and assigns a score for overall 

performance. The  ACLS Simulator 2011  assesses user per-
formance according to the American Heart Association’s 
2010 Guidelines for Cardiopulmonary Resuscitation and 
Emergency Cardiovascular Care  [  24  ] .  ACLS Simulator 2011  
operates on Windows and Macintosh computers in almost 
any browser. The simulator contains a case library consisting 
of 16 cases covering ACLS guidelines for the management 
of ventricular  fi brillation/pulseless ventricular tachycardia, 
ventricular tachycardia with pulse, pulseless electrical activ-
ity, and assorted other tachycardic and bradycardic dys-
rhythmias. Completion of  ACLS Simulator 2011  cases is not 
suf fi cient for provider credentialing through the American 
Heart Association but does entitle the user to as many as 8 
American Medical Association Physician Recognition Award 
Category 2 Continuing Medical Education credits. A couple 
of key distinctions between  ACLS 2011  and earlier versions 
of the simulator are that it operates completely within any 
web browser and it meets SCORM and Aviation Industry 
Computer-Based Training Committee (“AICC”) standards, 
which means that the simulator is now compatible with many 
institutional learning management systems. Most recently, 
the  ACLS Simulator 2011  has been modi fi ed so that it can 
port to mobile devices. The more streamlined “iPhone and 
iPad” (Apple Corporation, Cupertino CA) and “Android” 
(Google, Menlo Park CA) versions of the simulator contain 
the same drug library as the parent version, but contain only 
12 cases. While the mobile version allows de fi brillation, it 

  Fig. 14.2    Graphical user interface for the Anesoft ACLS Simulator 2011. 
Dynamic photographic images show the patient, 2 resuscitators, and the 
actions the user commands them to perform by using a mouse or touchpad 
to interact with the interface buttons. Note the dynamic cardiac rhythm 

waveform in the lower right of the  fi gure, which depicts the upward volt-
age de fl ection (and subsequent voltage decay) associated with the counter-
shock.  Note :  In the Anesoft Simulators ,  the patient and the resuscitators 
shown in the photographic images are portrayed by actors        
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does not allow transcutaneous pacing, IV  fl uid management, 
lab values, caselog downloading/printing, or CME cred-
its (Fig.  14.3 ). The “Rhythm Simulator” is not included as 
part of the mobile ACLS Simulator package but is available 
separately.    

   Laerdal HeartCode® ACLS Simulator 

 HeartCode® ACLS (Laerdal Corporation, Stavanger, Norway) 
has many similarities to the Anesoft ACLS Simulator. It is 
also a web-based program that enables students to diagnose 
and treat a number of Advanced Cardiac Life Support sce-
narios  [  25  ] . The package has a total of ten cases with one 
BLS case, two megacode scenarios, and seven other 

 emergencies. The program includes on-line help (coaching) 
and automated debrie fi ng. Unlike with the Anesoft ACLS 
Simulator, the electrocardiogram in HeartCode® ACLS is a 
static image rather than a dynamic, sweeping waveform.  

   Anesoft Pediatric Advanced Life Support 
(PALS) Simulator 

 The Anesoft PALS Simulator was created in the mold of its 
adult (ACLS) counterpart in 2006  [  26  ] . The original version 
was con fi gured to operate on any Windows-compatible com-
puter and was designed to provide robust training in the key 
cognitive aspects of conducting an advanced pediatric resus-
citation in accordance with published guidelines  [  27  ] . As in 
the ACLS Simulator, the graphical user interface displays 
dynamic images of the patient, the resuscitators, and a cardiac 
rhythm monitor, and the operator directs the resuscitators to 
perform various interventions using a series of buttons and a 
mouse-controlled menu (Fig.  14.4a ). The PALS Simulator 
also contains an automated debrie fi ng system and on-demand 
help system, and the simulator’s drug information library pro-
vides dosing guidelines appropriate for pediatric patients.  

 In 2011, the Anesoft PALS Simulator was modi fi ed to oper-
ate completely within a web browser  [  26  ] .  PALS Simulator 
2011  assesses user performance according to the American 
Heart Association’s 2010 Guidelines for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care  [  27  ] . It 
also features improvements to the user interface (Fig.  14.4b ) 
and other modi fi cations that were suggested in a survey of 
multidisciplinary pediatric health-care professionals who pro-
vided feedback on the original version of the PALS Simulator 
 [  28  ] . The simulator’s original library of 12 cases was extended 
to 16 cases for the 2011 version, in response to user feedback. 
In addition to the original 12 cases representing the 4 major 
PALS treatment algorithms (supraventricular tachycardia, 
pulseless electrical activity, ventricular  fi brillation/pulseless 
ventricular tachycardia, and bradycardia),  PALS Simulator 
2011  now includes 4 Pediatric Emergency Assessment, 
Recognition, and Stabilization (“PEARS”) cases that empha-
size averting cardiac or respiratory arrest through prompt 
reversal of shock or other forms of cardiopulmonary distress 
 [  29  ] .  PALS Simulator 2011  also contains a basic case sce-
nario that serves as a structured tutorial on how the simulator 
operates. Users who complete cases on  PALS Simulator 2011  
do not automatically receive provider credentialing through 
the American Heart Association but are entitled to as many 
as 8 American Medical Association Physician Recognition 
Award Category 2 Continuing Medical Education credits. 
 PALS Simulator 2011  is also SCORM and AICC compliant. 
PALS Simulator for iPhone, iPad, and Android devices is 
under development.  

  Fig. 14.3    Anesoft ACLS 2011, “iPhone and iPad” version. As com-
pared to the full-scale ACLS Simulator 2011, this user interface is 
simpli fi ed but still shows dynamic photographic images of the patient 
and resuscitators and shows a dynamic cardiac rhythm waveform. 
Elapsed scenario time ( upper left ) and the running score tally are also 
displayed       
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a

b

  Fig. 14.4    ( a ) Graphical user interface for the Anesoft PALS Simulator 
2006. Dynamic photographic images of the patient and 2 resuscitators 
are shown. The resuscitators execute tasks as commanded by the user 
using a mouse or touchpad to interact with the interface buttons. 
A dynamic cardiac rhythm waveform sweeps across the  bottom  of the 
screen as shown. ( b ) Anesoft PALS Simulator 2011 graphical user 

interface. Dynamic photographic images depict the patient, the resusci-
tators, and the actions the user commands the resuscitators to perform. 
A dynamic cardiac rhythm waveform sweeps across the “monitor 
screen” at  lower right ; artifact from chest compressions is superim-
posed over the underlying rhythm       

 



198 K.M. Ventre and H.A. Schwid

   Anesoft Anesthesia and Critical Care Simulators 

 The Anesoft Anesthesia Simulator has undergone a series of 
technical improvements and iterative upgrades since it was 
 fi rst introduced more than 20 years ago  [  13  ] . The current ver-
sion is able to operate as an installed application on any 
Windows computer. The user interface displays an image of 
the patient, dynamic waveforms for monitored physiologic 
parameters, audible monitor tones, a representation of the 
anesthesia machine and spirometer, and a status report on the 
surgeon’s activities during the case (Fig.  14.5 ). The simula-
tor contains an on-demand help system, an automated 
debrie fi ng system, and a drug library containing over 100 
medications. Mathematical models of pharmacokinetic, 
pharmacodynamic, cardiovascular, and respiratory interac-
tions predict the simulated patient’s response to medications 
and are capable of representing both normal patients and 
patients with underlying acute or chronic illness. The simu-
lator contains a library of 34 cases representing a range of 
anesthesia emergencies as well as scenarios spanning a clinical 
spectrum from regional anesthesia to specialty-speci fi c 

domains such as cardiovascular, obstetric, pediatric, and 
neurosurgical anesthesia. The Anesoft Anesthesia Simulator 
is used in more than 50 countries worldwide and has been 
translated into Spanish and Portuguese  [  30  ] .  

 The original version of Anesoft’s Sedation Simulator was 
created more than a decade ago, as the product of a collabora-
tive research project between the Department of Radiology at 
Cincinnati Children’s Hospital Medical Center, the Department 
of Anesthesiology at the University of Washington, and Anesoft 
Corporation  [  31  ] . The project’s objectives were to develop an 
interactive screen-based simulator that could train radiologists 
in the management of analgesia during painful procedures and 
in responding to critical incidents such as complications fol-
lowing contrast media administration. The Sedation Simulator 
has since undergone a series of upgrades and improvements, 
owing partly to additional contributions from content experts 
representing gastroenterology and dental surgery. The current 
version of the simulator operates as an installed application on 
any Windows computer and contains a library of 32 adult and 
pediatric case scenarios representing a range of  circumstances 
such as  anaphylaxis, agitation, aspiration, apnea, bradycardia, 

  Fig. 14.5    User interface for the Anesoft Anesthesia Simulator. 
Dynamic cardiac rhythm, hemodynamic, and respiratory waveforms 
sweep across the monitor screen. An image of the patient is depicted at 

 lower left . The surgeon’s activities are represented as supplementary 
text above the patient image       
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hypotension, and myocardial ischemia. The user interface 
displays images of the patient as well as dynamic waveforms 
re fl ecting desired monitored parameters such as a cardiac 
rhythm tracing, peripheral oxygen saturation, and end-tidal 
capnography. Noninvasive blood pressure readings are also 
displayed. Comments and questions from the “proceduralist” 
are provided for the sedation provider (i.e., the simulator user) 
in the form of status updates that are displayed on the screen. 

 Anesoft’s (adult) Critical Care Simulator possesses many of 
the attributes of the Anesthesia Simulator but is designed to por-
tray clinical scenarios that take place in an emergency depart-
ment or intensive care unit setting  [  32  ] . Accordingly, the user 
interface displays only those parameters that are routinely moni-
tored in either of those environments. The Critical Care Simulator 
operates on Windows computers and contains a library of six 
case scenarios. Anesoft’s Pediatrics Simulator is analogous to the 
Critical Care Simulator. Its user interface displays images of 
pediatric patients and its case library contains six scenarios rep-
resenting complex acute and critical illness states  [  33  ] . 

 The Anesoft Obstetrics Simulator was developed to train 
clinicians in the management of obstetric emergency  scenarios 

 [  34  ] . The simulator operates on Windows computers, and its 
user interface displays images of the patient and all dynamic 
waveforms representing typical monitored parameters includ-
ing an electrocardiogram tracing, blood pressure, peripheral 
oxygen saturation, and patient temperature. In addition, uterine 
tone and a fetal heart tracing are displayed (Fig.  14.6 ). The case 
library contains eight scenarios covering a range of obstetric 
emergencies such as placental abruption, postpartum hemor-
rhage, ectopic pregnancy, trauma, and cardiac arrest.  

 The Anesoft Neonatal Simulator also works on Windows 
computers and is designed to train clinicians in the manage-
ment of important delivery room emergencies  [  35  ] . The user 
interface displays images of the neonate and any interven-
tions the resuscitators are performing. Monitored physiologic 
parameters that are displayed on the interface include the 
infant’s cardiac rhythm and peripheral oxygen saturation 
tracing. The case library contains 12 scenarios, including 
fetal heart rate decelerations, severe fetal bradycardia, meco-
nium-stained amniotic  fl uid, and meconium aspiration. 

 The Bioterrorism Simulator is the  fi nal example in this 
summary of Anesoft’s portfolio of interactive case-based 

  Fig. 14.6    User interface for the Anesoft Obstetrics Simulator. Dynamic cardiac rhythm and respiratory waveforms sweep across the monitor at 
 upper right . Dynamic fetal heart and uterine tone tracings sweep across the monitor at  lower left . An image of the patient is shown at  lower right        
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simulators. The Bioterrorism Simulator was developed in 
2002 as a multilateral collaboration involving the Anesoft 
Corporation, experts from the military, and content experts 
from the specialties of infectious diseases, public health, 
critical care, and toxicology  [  36  ] . It works in both Windows 
and Macintosh browsers, and its objective is to train  fi rst 
responders to recognize, diagnose, and treat patients who 
demonstrate signs and symptoms of possible exposure to 
biological or chemical agents, while avoiding personal con-
tamination. The user interface displays an image of the 
patient and dynamic waveform displays of all monitored 
physiologic parameters. An on-demand help system provides 
real-time assistance with appropriate case management. The 
case library contains 24 scenarios re fl ecting a range of clini-
cal presentations from what content experts believe to be the 
most likely terrorist threats: anthrax, botulism, ebola virus, 
plague, tularemia, smallpox, and nerve agent or vesicant 
exposures. At the conclusion of each scenario, the automated 
debrie fi ng system produces a detailed record of correct and 
incorrect decisions made during the case.  

   New Horizons: The “Virtual NICU,” Transparent 
Reality, and Multiuser Simulation 

 The unique throughput advantages of screen-based simula-
tion have been incorporated into a national strategy to reen-
gineer neonatal nurse practitioner (NNP) training, in order to 
better meet the growing demand for a skilled NNP workforce 
 [  37  ] . The “Neonatal Curriculum Consortium” is a group of 
experienced NNPs whose overall vision is to develop robust, 
standardized, interactive training modules and host them on 
an Internet site that is scheduled to be completed in 2012. 
Interactive training incorporating regular use of these mod-
ules would then be integrated into existing NNP training cur-
ricula across the United States. In collaboration with the 
Institute for Interactive Arts and Engineering at the University 
of Texas at Dallas, the Neonatal Curriculum Consortium has 
developed an innovative, case-based, web-enabled simulator 
called the “Interactive Virtual Ventilator” (Fig.  14.7 ). The 
user interface displays a representation of a patient, a chest 
x-ray, blood gas data, and a representation of a ventilator, an 

  Fig. 14.7    User interface for the Interactive Virtual Ventilator. A representation of the infant is shown, along with the ventilator console and con-
trols, and a blood gas display. A pop-up avatar (shown at the  bottom  of the image) provides feedback on interventions selected by the operator       
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airway pressure gauge, and a ventilator waveform. The ven-
tilator console contains inspiratory and expiratory pressure 
controls, as well as inspiratory time, FiO 

2
 , and ventilator rate 

controls that the learner can manipulate in order to produce 
changes in blood gas values. There is a built-in help system 
in the form of a pop-up avatar of a “coach” who provides 
feedback on whether the trainee made appropriate or inap-
propriate ventilator adjustments and offers a brief commen-
tary explaining the rationale for the correct answer. Graduate 
NNP students at the University of Texas at Arlington pilot 
tested the Interactive Virtual Ventilator in 2010, and their 
feedback will be incorporated into future simulator 
modi fi cations and improvements  [  38  ] .   

   Virtual Anesthesia Machine 

 Well-designed screen-based simulators do not seek to faith-
fully recreate all aspects of the physical environment, but 
rather seek only to achieve a level of  fi delity that is suf fi cient 
to develop a cognitive structure that will foster reliable 
approaches to patient management. Embedded within these 
interactive screen-based simulations are sophisticated math-
ematical models that are predicting the clinical response to the 
trainee’s management decisions and governing the functions 
of life support equipment such as the anesthesia machine. 
Importantly, the trainee is guided by the output of these mod-
els as re fl ected in abrupt changes in the patient’s condition, but 
both the physiologic mechanisms determining the patient’s 
clinical changes and the internal workings of key pieces of 
equipment are completely inaccessible to learners. Thus, the 
reductive output displays on these simulations may be enough 
to impart procedural knowledge but are limited in their ability 
to foster a deeper understanding of human physiology or about 
how life support equipment actually works. Investigators at 
the University of Florida developed the “Virtual Anesthesia 
Machine” (VAM) simulator in 1999 to facilitate construction 
of a mental model for how an anesthesia machine works  [  39  ]  
because problems with the anesthesia machine have been 
shown to cause negative outcomes in patients  [  40  ] . The VAM 
uses Adobe Shockwave and Flash Player technology (Adobe 
Systems Inc., San Jose CA) to allow interactive visualization 
of all of the machine’s internal connections and the effects of 
manipulating its external controls. In addition, gas  fl ows, gas 
concentrations, and gas volumes are color coded to make them 
easier for a student to dynamically track. In 2008, Fischler 
and colleagues designed a study to determine whether indi-
viduals who were trained using this transparent VAM would 
learn more effectively than those who were trained using a 
version of the VAM that visually represented an anesthe-
sia machine as a photographic image and showed only bel-
lows movement and standard, externally mounted pressure 
gauge needles but represented none of the machine’s inter-
nal mechanisms  [  41  ] . The investigators alternately assigned 
39 undergraduate students and 35 medical students with no 

prior knowledge of the anesthesia machine to train using 
either the transparent or the “opaque” VAM. Detailed manu-
als were provided to each student in order to help structure 
the learning experience. Although separate versions of the 
manual were created to coordinate with each assigned simu-
lator type, both versions provided a thorough orientation to 
how the anesthesia machine operates. Learning assessments 
were conducted 1 day after training and consisted of identify-
ing anesthesia machine components, short-answer questions 
about the machine’s internal dynamics, and multiple-choice 
questions on how to operate the anesthesia machine safely. 
Subjects assigned to the transparent VAM scored signi fi cantly 
higher on the multiple-choice questions ( P  = 0.009) as well 
as the short-answer questions requiring a functional knowl-
edge of machine functions and internal dynamics ( P  = 0.003). 
These  fi ndings have important implications for training anes-
thesiologists. To the extent that human error during anesthesia 
machine operation can be averted through training methods 
that are better able to develop a sound, functioning mental 
map of the device, a favorable impact on patient outcomes 
may be achievable through regular use of media such as the 
transparent VAM (Fig.  14.8 ). The concept of “transparent 
reality” simulation may also  fi nd future application in teach-
ing health-care professionals to understand the intricate circu-
latory physiology of patients with complex congenital heart 
disease. Transparent reality modeling holds enormous prom-
ise for making screen-based simulators more robust training 
devices capable of imparting a deeper understanding of com-
plex biological and mechanical systems.  

 Up to this point, all the simulators presented have been 
designed for a single learner at a time. In the current era of mul-
tiplayer on-line gaming, there is no reason that screen-based 
medical simulators should not be developed to support multiple 
concurrent users. Several efforts are underway to introduce 
screen-based simulation programs involving multiple health-
care professionals that have been designed to improve team-
work and interpersonal communication. The MedBiquitous 
virtual patient system has been used to enable paramedic stu-
dents to work together on  fi ve different scenarios  [  42  ] . Duke 
University’s Human Simulation and Patient Safety Center 
developed 3DiTeams  [  43  ] , a three-dimensional simulation 
environment to practice team coordination skills (Fig.  14.9 ). 
While these efforts are still in the early stages of evaluation, the 
promise for future training of health-care professionals is clear.   

   Applications I: Training Impact of Screen-Based 
Simulators 

 Evidence supporting an important role for screen-based sim-
ulation in the training of health-care professionals is weighted 
toward assessments of learner perceptions about the technol-
ogy, as well as post-training assessments of clinical skills, 
which are typically carried out in a mannequin laboratory 
setting. Learners’ reactions to this technology are usually 
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highly favorable, regardless of whether they are asked to 
consider the merits of a particular screen-based simulator in 
general  [  13,   28,   44,   45  ]  or in comparison to a lecture present-
ing the same material  [  46  ] . The largest available study on 
user perceptions collected feedback from 798 multidisci-
plinary pediatric providers in a university-af fi liated chil-
dren’s hospital who had used a newly developed, screen-based 
Pediatric Advanced Life Support Simulator  [  28  ] . Simulator 
users were asked to indicate their level of agreement that the 
simulator was an effective training tool or that the simulator 
 fi lled a gap in their current training regimen, using a 5-point 
Likert-style scale ranging from “strongly disagree” to 
“strongly agree.” Ninety- fi ve percent of respondents indi-
cated they agreed or strongly agreed that the PALS Simulator 
is an effective training tool. The strength of the respondents’ 
agreement with this statement was not related to their profes-
sional discipline. Eighty-nine percent agreed or strongly 
agreed that the simulator  fi lled a gap in their training; physi-
cians agreed with this statement more strongly than nurses 

( P  = 0.001). Respondents cited the simulator’s realism, its 
capacity to facilitate regular practice, and its on-demand help 
feature as the three attributes they valued most. 

 There are several published investigations designed as 
comparative ef fi cacy studies of case-based screen simulators 
in relation to either “traditional” classroom or paper-based 
training methods  [  46–  49  ]  or mannequin simulators  [  50,   51  ] . 
Two of these studies evaluated the Laerdal MicroSim case-
based cardiac arrest simulator  [  49,   51  ]  (Laerdal Medical, 
Stavanger Norway), and four evaluated Anesoft screen-based 
simulators  [  46–  48,   50  ] . The evidence can be summarized as 
indicating that screen-based simulation imparts procedural 
knowledge better than classroom (lecture) training  [  46,   49  ] , is 
 more  ef fi cacious than independent study of standardized pre-
printed materials, and is as ef fi cacious as mannequin simula-
tion  [  50,   51  ]  in preparing health-care professionals to manage 
clinical emergency scenarios on a mannequin simulator 
 [  47,   48  ] . There are three screen-based simulation studies 
which are notable for having particularly well-controlled 

  Fig. 14.8    The “Virtual Anesthesia Machine.” Color coding is enabled in the exercise depicted here, in order to represent gas  fl ows, gas concentra-
tions, and gas volumes. The color legend is shown at  right . Ventilator parameters are adjustable and are shown at the  bottom  of the image       
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 protocols  [  47,   48,   50  ] ; each was conducted in a single center. 
The  fi rst is a prospective trial to determine whether the 
Anesoft ACLS Simulator imparted knowledge of American 
Heart Association ACLS guidelines better than a standard 
textbook review  [  47  ] . The investigators randomized 45 
ACLS-certi fi ed anesthesiology residents, fellows, and faculty 
to review ALCS guidelines using either printed American 
Heart Association materials or using the ACLS screen-based 
simulator, 1–2 months prior to managing a standardized mock 
resuscitation on a full-scale mannequin simulator. Individual 
performance during the resuscitation was videotaped and 
later scored by two blinded observers using a structured 
checklist. The investigators found that study participants who 
prepared using the ACLS Simulator performed signi fi cantly 
better during the mock resuscitation than those who prepared 
using printed materials (mean checklist score 34.9 of 47 pos-
sible points [SD 5.0] vs 29.2 points [SD 4.9];  P  < 0.001). 

Covariate analysis revealed that the performance differences 
were not related to the time each participant spent studying. 
The second well-controlled screen-based simulation study is 
a prospective study to evaluate whether exposure to a screen-
based anesthesia simulator with written debrie fi ng prepared 
anesthesia trainees to manage anesthesia emergencies better 
than a paper handout  [  48  ] . The investigators randomized 31 
 fi rst-year anesthesiology residents to prepare for a clinical 
assessment on a mannequin simulator by either managing 10 
anesthesia emergencies on an interactive, case-based anesthe-
sia simulator (Anesoft Corporation, Issaquah WA) or by 
studying a handout that discussed how to manage the same 
ten emergency scenarios. Handout content was reproduced 
directly from content stored within the simulator’s built-in 
help function for each case. All participants prepared inde-
pendently, except those assigned to the simulator group 
received written feedback from faculty who reviewed the case 

  Fig. 14.9    Screen image from the “3DiTeams” Simulator. A representation of the patient and a series of radiographic images are shown in an 
emergency department setting       
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records that the simulator generated upon completion of each 
scenario. The clinical assessment that took place on the man-
nequin simulator consisted of four standardized emergency 
scenarios that were chosen from the ten scenarios the partici-
pants had prepared to manage. Performance during the man-
nequin scenarios was videotaped and scored by two blinded 
observers who used a consensus process to rate each partici-
pant using a structured checklist. This study found that par-
ticipants who prepared using the simulator scored signi fi cantly 
better during the mannequin simulation exercise than those 
who prepared using printed materials (mean score 52.6 ± 9.9 
out of 95 possible points vs 43.4 ± 5.9 points;  P  = 0.004). The 
third reasonably well-controlled study was a prospective 
study that compared the training ef fi cacy of a screen-based 
anesthesia simulator (Anesoft Corporation, Issaquah WA) 
and a mannequin simulator (Eagle Simulation Inc, Binghamton 
NY)  [  50  ] . These investigators divided 40 anesthesia trainees 
into two groups of roughly equal clinical experience. One 
group trained using the screen-based simulator, and the other 
trained using the mannequin simulator. During the training, 
participants in each group were randomly exposed to either 
an anaphylaxis scenario or a malignant hyperthermia scenario 
and were debriefed in a structured fashion following the con-
clusion of the training exercises. One month after training, 
participants were tested on anaphylaxis management using 
the assigned simulator. Performance during both training and 
testing was evaluated by two blinded observers who marked 
the time at which each participant announced the correct 
diagnosis and also completed a structured assessment tool. 
Regardless of the assigned simulator, participants in either 
group who saw the same scenario in testing as they saw dur-
ing training scored better on the test. However, there was no 
association between the assigned simulator and either the 
time elapsed before announcing the correct diagnosis during 
the test or the overall performance score. This observation 
provides support for the training ef fi cacy of screen-based 
simulation, despite clear limitations in physical  fi delity. 

 Although varied in their design and in the level of evi-
dence they provide, published studies appear to con fi rm the 
training ef fi cacy of screen-based simulators that meet con-
temporary technical standards with regard to the user inter-
face, simulation engine, and automated systems for providing 
feedback on case management. What is missing from the 
available studies is a determination of whether the knowl-
edge gained from screen-based simulators transfers to the 
actual clinical environment. This follows from the fact that 
the simulations evaluated in the studies are designed to pre-
pare health-care workers to manage critical (yet treatable) 
events that occur too rarely for them to master during the 
course of actual patient-care activities. Thus, the training 
outcomes must be assessed in a structured laboratory envi-
ronment, where virtually all aspects of the case presentation 
can be controlled and the scenario can be restaged as often as 

necessary to complete the study within a reasonable time-
frame. Of course, assessing training outcomes using manne-
quin simulation is expensive, resource-intensive, and fraught 
with challenges, including the scarcity of valid and reliable 
assessment tools and the dif fi culty of capturing key clinician 
behaviors in the context of a dynamic and often emotionally 
charged scenario. These are major barriers to scaling simula-
tion research on a level that would make conducting well-
controlled, appropriately powered multicenter trials more 
practicable.  

   Applications II: Assessment of Clinical Knowledge 

 Using screen-based simulation for assessment purposes can 
potentially overcome many of the challenges associated with 
evaluating clinician behaviors in either the mannequin labo-
ratory or the actual clinical setting. Although clearly limited 
in its capacity to evaluate psychomotor skills or whether a 
clinician knows how to manipulate speci fi c types of medical 
equipment, screen-based simulation offers an unequalled 
capacity to record and analyze clinicians’ cognitive error 
patterns in a highly ef fi cient fashion. A couple of studies 
have described the use of screen-based simulation to pro-
spectively evaluate clinicians’ management strategies for 
critical events. In the  fi rst study, investigators used an early 
version of the Anesoft Anesthesia Simulator (the “Anesthesia 
Simulator Consultant”) to assess how 10 anesthesia resi-
dents, 10 anesthesiology faculty, and 10 private practice 
anesthesiologists managed a variety of critical event scenar-
ios which they encountered on the simulator  [  52  ] . The cases 
were presented to each participant in random fashion, so that 
no participant was aware of which scenarios he or she would 
confront. Each participant had to manage at least one cardiac 
arrest scenario. The investigators encouraged participants to 
vocalize their thinking process as they managed the cases. 
Participant vocalizations were recorded manually, and man-
agement decisions executed through the user interface were 
recorded by the simulator software. The investigators 
identi fi ed numerous errors and outright management failures 
that were committed by members of each participant cate-
gory. The observed error patterns included  incorrect diagno-
sis  (e.g., interpreting loss of the end-tidal carbon dioxide 
trace as bronchospasm),   fi xation errors  (e.g., asking for a 
new monitor but not seeking additional diagnostic informa-
tion when confronted with loss of the end-tidal carbon diox-
ide trace),  emergency medication dosing errors , and  deviation 
from ACLS management protocols . In fact, only 30% of par-
ticipants managed the simulated cardiac arrest according to 
published ACLS guidelines. The elapsed time since each 
participant’s last formal ACLS training predicted whether 
the arrest was managed successfully. Seventy-one percent of 
participants who had ACLS training within 6 months of the 
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study managed the arrest  successfully, while only 30% of 
those who had ACLS training between 6 months and 2 years 
prior to the study managed it successfully. Of those who last 
had ACLS training 2 or more years before the study, none 
managed the arrest successfully. Interestingly, the types of 
errors observed in this study were similar to those that other 
investigators had described while studying anesthesiologists’ 
responses to critical incidents that were staged on a full-scale 
mannequin simulator  [  53,   54  ] . 

 In a more recent prospective study, Ventre and colleagues 
used a modi fi ed version of the Anesoft PALS Simulator to 
evaluate the performance of pediatric health-care providers on 
four PALS scenarios  [  55  ] . This study advanced the case for 
using screen-based simulation for assessment purposes by 
involving a diverse group of nationally recognized American 
Heart Association content experts to develop a valid scoring 
system for the simulator. With input from this expert panel of 
three pediatric emergency medicine physicians and three pedi-
atric intensivists, the investigators developed a consensus-
based algorithm for scoring the management of four 
standardized PALS cases: supraventricular tachycardia (SVT), 
pulseless electrical activity (PEA), ventricular  fi brillation 
(VF), and bradycardia (Brady). The consensus scoring system 
was then attached to the simulator software. All management 
decisions executed through the user interface were recorded 
by the simulator software, and the simulator’s automated help 
system was disabled for the study. One hundred multidisci-
plinary PALS providers completed the PALS scenarios on the 
PALS screen-based simulator. Forty percent of participants 
were recruited immediately after completing a traditional 
PALS course. The remainder reported last having PALS train-
ing between 1 month and 2 years before enrolling in the study. 
Participants were proctored and were not permitted to use cog-
nitive aids while managing the scenarios. The average time it 
took for each participant to complete all four scenarios on the 
simulator was 13.8 min. The investigators found that manage-
ment of all four simulated scenarios frequently deviated from 
consensus guidelines. The highest scores were achieved on the 
SVT scenario, and the lowest scores were achieved on the 
PEA scenario. Physician status predicted a higher aggregate 
score as well as higher scores on the SVT, PEA, and Brady 
scenarios ( P  < 0.05 for all comparisons). Participants who 
completed the scenarios on the same day as they completed 
PALS training scored higher only on the SVT scenario 
( P  = 0.041). As in the Anesthesia Simulator assessment study 
 [  52  ] , the types and frequencies of errors recorded by the PALS 
Simulator in this study were similar to those that had been 
reported in prior studies that used a mannequin simulator to 
evaluate how pediatric provider teams manage SVT and arrest 
states  [  56,   57  ] . The unparalleled reliability of computerized 
scoring and the concordance of  fi ndings between computer-
based assessment studies and mannequin-based assessment 
studies make a very strong case for using computer-based 

simulators to ef fi ciently and rigorously evaluate health-care 
workers against explicit performance criteria.  

   Applications III: Evaluation of Treatment 
Guidelines and Novel Monitoring Displays 

 The experience from large-scale industrial accidents and 
attacks of bioterrorism offers important lessons for the inter-
national health-care community regarding how these inci-
dents can be managed most effectively. For instance, 
retrospective reviews of the 1984 Union Carbide disaster in 
India and the 1995 sarin attack on Tokyo subway stations 
revealed that a lack of clear protocols for how to treat exposed 
individuals contributed to delays in diagnosis and treatment 
 [  58–  61  ] . In both the Tokyo attack and the 1994 sarin attack 
in Matsumoto Japan, contamination of health-care workers 
was another major problem  [  61–  63  ] . Within the USA and 
worldwide, increased emphasis has recently been placed on 
enhancing the health-care system’s preparedness to respond 
to a biological or chemical agent of mass destruction. 
However, the rarity of these kinds of events makes it dif fi cult 
to prospectively validate triage and treatment protocols in 
order to verify that they are easy to use, have the proper 
scope, and result in reliable recognition of likely exposures, 
contamination risks, completion of initial resuscitation pri-
orities, and timely administration of de fi nitive therapy. 
Evaluating the performance of triage and treatment guide-
lines in a real-world setting would require trained observers 
to determine whether every branch point in the algorithm 
resulted in a correct decision for any patient in a diverse 
group of exposed individuals. This would be an expensive 
and laborious process. 

 At least one group of investigators has used screen-based 
simulation to guide the development, pilot testing, and itera-
tive re fi nement of a novel bioterrorism triage algorithm 
 [  63,   64  ] . Bond and colleagues recently described the devel-
opment of an algorithm designed to assist health-care work-
ers during their initial encounter with exposed adult or 
pediatric patients who may have been exposed to several 
agents and who are manifesting different levels of symptom 
severity and physiologic stability. The algorithm used the 
patient’s primary symptom complex to guide health-care 
workers to promptly isolate appropriate patients and address 
initial resuscitation priorities  before  making a  fi nal diagno-
sis, while still assuring that patients who require a speci fi c 
antidote receive it in a timely fashion. The investigators 
tested each draft of the treatment algorithm on the Anesoft 
Bioterrorism Simulator. The simulator’s case library pro-
vided a validation cohort of simulated adult and pediatric 
patients who were exposed to a variety of agents conferring 
a range of infectious or contamination risks and who  exhibited 
various states of physiologic derangement. The physiologic 
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models in the simulator engine ensured that the simulated 
patients would respond in appropriate ways to the interven-
tions the algorithm suggested at any point during the case. 
Through completing the case scenarios, the investigators 
determined that the scope of the algorithm must encompass 
situations in which there are potentially con fl icting priorities, 
such as unstable patients with possible nerve agent exposure 
who require airway support and early antidote administra-
tion but who also present a concomitant risk of health-care 
worker contamination. Managing these types of scenarios 
led investigators to revise the algorithm to allow de fi nitive 
treatment before decontamination, yet provided for health-
care worker protection, in situations where this approach 
would offer the optimal chances for survival  [  64  ] . Thus, the 
simulated cases helped expose  fl aws in the algorithm, which 
the investigators addressed through iterative cycles of mak-
ing adjustments to the working draft, then repeating each 
scenario until the algorithm was able to direct appropriate 
triage and treatment of all simulated patient scenarios. 

 Screen-based simulators have also been used to evaluate 
the impact of novel clinical monitoring displays on physician 
response times. A group of investigators in Salt Lake City 
developed an innovative graphic monitoring display that 
incorporates the many discrete physiologic variable displays 
that clinicians must factor into clinical decision making in 
intensive care environments. The new display serves as a 
visual “metaphor” for representing 30 physiologic parame-
ters as colors and shapes, rather than traditional waveforms 
and numerals  [  65  ] . The investigators compared the new dis-
play with traditional monitor displays, using the “Body 
Simulation” (Advanced Simulation Corporation, San 
Clemente CA) screen-based anesthesia simulator as the refer-
ence display  [  66  ] . Ten anesthesiology faculty members were 
randomly assigned to manage a case scenario on the screen-
based simulator using either the traditional monitor waveform 
displays (control condition) or the new, integrated monitor 
display (experimental condition). Both groups used observed 
images of the simulated patient, the anesthesia record, the 
anesthesia machine, and other physiologic data on supple-
mentary screens contained within the simulator’s user inter-
face. All audible alarms were silenced for the study period, so 
that interventions were made based on visual stimuli only. 
Four critical events were simulated, during which study par-
ticipants were asked to vocalize when they perceived a change 
in the patient’s condition, and then vocalize what caused the 
change. The investigators analyzed recordings of partici-
pants’ vocalizations to determine the time it took for them to 
notice a perturbation in the patient’s condition and the time it 
took for them to identify the cause of this change. The study 
demonstrated that in two of the four critical events those who 
used the new, integrated display noticed a physiologic change 
in the simulated patient faster than those who observed the 
traditional display. The “integrated display” group also cor-

rectly identi fi ed the critical events signi fi cantly faster than the 
traditional group. In three out of four of the critical events, 
this difference achieved statistical signi fi cance.   

   Conclusion 

 There has been tremendous growth in the  fi eld of screen-
based simulation over the past 20 years, corresponding with 
advances in computer technology and a need for fresh 
approaches to the growing problem of how to best develop 
and maintain a skilled health-care workforce amid concur-
rent budgetary constraints, duty-hour restrictions, and ongo-
ing scrutiny of the safety and reliability of patient-care 
practices. While screen-based simulators are designed to rec-
reate only limited aspects of the physical environment, those 
meeting contemporary technical standards achieve a level of 
 fi delity suf fi cient to impart procedural knowledge better than 
traditional textbook or paper-based methods, and possibly as 
well as mannequin simulation. Moreover, their unparalleled 
reliability and throughput capacity make them highly prom-
ising tools for assessing and tracking cognitive performance 
for research or administrative purposes. The recent emer-
gence of web-enabled simulators will make screen-based 
simulations easier for learners to access, easier for institu-
tions to install, and easier to revise through downloadable 
updates. The Internet also opens up a host of potential new 
directions for screen-based simulation, including a capacity 
to support multiple participants who manage a simulated 
scenario as a team, in a real-time, networked environment. 
Thus, future generations of screen-based simulators are 
likely to be able to represent more of the interpersonal and 
team coordination aspects of professional practice. Going 
forward, screen-based simulation stands to play a major role 
in research designed to identify performance de fi ciencies 
that can be translated into opportunities for targeted curricu-
lar and care process improvement.      

   References 

    1.   Historical facts, dates, places, numbers. Society for Simulation in 
Healthcare. 2008.   http://www.ssih.org/public/ssh_content    . Accessed 
30 Apr 2008.  

    2.    Weinstock PH, Kappus LJ, Kleinman ME, Grenier B, Hickey P, 
Burns JP. Toward a new paradigm in hospital-based pediatric edu-
cation: the development of an onsite simulator program. Pediatr 
Crit Care Med. 2005;6:635–41.  

    3.    Nishisaki A, Hales R, Biagas K, et al. A multi-institutional high-
 fi delity simulation “boot camp” orientation and training program 
for  fi rst year pediatric critical care fellows. Pediatr Crit Care Med. 
2009;10:157–62.  

    4.    Weinstock PH, Kappus LJ, Garden A, Burns JP. Simulation at the 
point of care: reduced-cost, in situ training via a mobile cart. Pediatr 
Crit Care Med. 2009;10:176–81.  

http://www.ssih.org/public/ssh_content


20714 Computer and Web Based Simulators

    5.    Calhoun AW, Boone MC, Peterson EB, Boland KA, Montgomery VL. 
Integrated in-situ simulation using redirected faculty educational time to 
minimize costs: a feasibility study. Simul Healthc. 2011;6(6):337–44.  

    6.    Entwisle G, Entwisle DR. The use of a digital computer as a teach-
ing machine. J Med Educ. 1963;38:803–12.  

    7.    Schwid HA. A  fl ight simulator for general anesthesia training. 
Comput Biomed Res. 1987;20:64–75.  

    8.    Taekman JM, Shelley K. Virtual environments in healthcare: immer-
sion, disruption, and  fl ow. Int Anesthesiol Clin. 2010;48:101–21.  

    9.   Schwid HA, Souter K. Cost-effectiveness of screen-based simula-
tion for anesthesiology residents: 18 year experience. In: American 
Society of Anesthesiologists annual meeting, New Orleans, 2009.  

    10.    Schwid HA, O’Donnell D. Educational malignant hyperthermia 
simulator. J Clin Monit. 1992;8:201–8.  

    11.    Schwid HA, O’Donnell D. The anesthesia simulator consultant: 
simulation plus expert system. Anesthesiol Rev. 1993;20:185–9.  

    12.    Schwid HA. Components of a successful medical simulation pro-
gram. Simulation Gaming. 2001;32:240–9.  

    13.    Schwid HA, O’Donnell D. The anesthesia simulator-recorder: 
a device to train and evaluate anesthesiologists’ responses to critical 
incidents. Anesthesiology. 1990;72:191–7.  

    14.    Smothers V, Greene P, Ellaway R, Detmer DE. Sharing innovation: 
the case for technology standards in health professions education. 
Med Teach. 2008;30:150–4.  

    15.    Posel N, Fleiszer D, Shore BM. 12 tips: guidelines for authoring 
virtual patient cases. Med Teach. 2009;31:701–8.  

    16.   Triola MM, Campion N, McGee JB, Albright S, Greene P, Smothers 
V, Ellaway R. An XML standard for virtual patients: exchanging 
case-based simulations in medical education. AMIA Annu Symp 
Proc. 2007:741–5.  

    17.      Schwid HA. Open-source shared case library. Stud Health Technol 
Inform. 2008;132:442–45.  

    18.      Schwid HA. Anesthesia Simulator-Case 5-Anaphylactic reaction. 
MedEdPORTAL 2009. Available from   www.aamc.org/mededpor-
tal    . (ID=1711). Accessed on 2 Nov 2011.  

    19.    Stross JK. Maintaining competency in advanced cardiac life sup-
port skills. JAMA. 1983;249:3339–41.  

    20.    Curry L, Gass D. Effects of training in cardiopulmonary resuscita-
tion on competence and patient outcome. Can Med Assoc J. 1987;
137:491–6.  

    21.    Gass DA, Curry L. Physicians’ and nurses’ retention of knowledge 
and skill after training in cardiopulmonary resuscitation. Can Med 
Assoc J. 1983;128:550–1.  

    22.    Lowenstein SR, Hansbrough JF, Libby LS, Hill DM, Mountain RD, 
Scoggin CH. Cardiopulmonary resuscitation by medical and surgi-
cal house-of fi cers. Lancet. 1981;2:679–81.  

    23.    Schwid HA, Rooke GA. ACLS Simulator. Issaquah: Copyright 
Anesoft Corporation; 1992.  

    24.    Field JM, Hazinski MF, Sayre MR, et al. Part 1: executive sum-
mary: 2010 American Heart Association Guidelines for 
Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Care. Circulation. 2010;122:S640–56.  

    25.      HeartCode® ACLS. Copyright Laerdal Corporation, Stavanger 
Norway, 2010.  

    26.   Schwid HA, Ventre KM. PALS Simulator. Copyright Anesoft 
Corporation, Issaquah, 2006, 2011.  

    27.    Kleinman ME, Chameides L, Schexnayder SM, et al. Part 14: pedi-
atric advanced life support: 2010 American Heart Association 
Guidelines for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care. Circulation. 2010;122:S876–908.  

    28.    Ventre KM, Collingridge DS, DeCarlo D. End-user evaluations of a 
personal computer-based pediatric advanced life support simulator. 
Simul Healthc. 2011;6:134–42.  

    29.    Ralston ME, Zaritsky AL. New opportunity to improve pediatric 
emergency preparedness: pediatric emergency assessment, recogni-
tion, and stabilization course. Pediatrics. 2009;123:578–80.  

    30.    Schwid HA. Anesthesia simulators – technology and applications. 
Isr Med Assoc J. 2000;2:949–53.  

    31.    Medina LS, Racadio JM, Schwid HA. Computers in radiology. The 
sedation, analgesia, and contrast media computerized simulator: 
a new approach to train and evaluate radiologists’ responses to criti-
cal incidents. Pediatr Radiol. 2000;30:299–305.  

    32.    Schwid HA, Gustin A. Critical Care Simulator. Issaquah: Copyright 
Anesoft Corporation; 2008.  

    33.    Schwid HA, Bennett T. Pediatrics Simulator. Issaquah: Copyright 
Anesoft Corporation; 2008.  

    34.    Schwid HA, Eastwood K, Schreiber JR. Obstetrics Simulator. 
Issaquah: Copyright Anesoft Corporation; 2008.  

    35.    Schwid HA, Jackson C, Strandjord TP. Neonatal Simulator. 
Issaquah: Copyright Anesoft Corporation; 2006.  

    36.    Schwid HA, Duchin JS, Brennan JK, Taneda K, Boedeker BH, Ziv 
A, et al. Bioterrorism Simulator. Issaquah: Copyright Anesoft 
Corporation; 2002.  

    37.    LeFlore J, Thomas PE, Zielke MA, Buus-Frank ME, McFadden 
BE, Sansoucie DA. Educating neonatal nurse practitioners in the 
21st century. J Perinat Neonatal Nurs. 2011;25:200–5.  

    38.    LeFlore J, Thomas P, McKenzie L, Zielke M. Can a complex inter-
active virtual ventilator help to save babies’ lives: an educational 
innovation for neonatal nurse practitioner students [abstract]. Sim 
Healthc. 2010;5:A106.  

    39.   Lampotang S. Virtual anesthesia machine. Copyright University of 
Florida. 2000.   http://vam.anest.u fl .edu/simulations/con fi gurablevam.
php    . Accessed on 3 Nov 2011.  

    40.    Caplan RA, Vistica MF, Posner KL, Cheney FW. Adverse anes-
thetic outcomes arising from gas delivery equipment: a closed 
claims analysis. Anesthesiology. 1997;87:741–8.  

    41.    Fischler IS, Kaschub CE, Lizdas DE, Lampotang S. Understanding 
of anesthesia machine function is enhanced with a transparent real-
ity simulation. Simul Healthc. 2008;3:26–32.  

    42.    Conradi E, Kavia S, Burden D, Rice A, Woodham L, Beaumont C, 
et al. Virtual patients in a virtual world: training paramedic students 
for practice. Med Teach. 2009;31:713–20.  

    43.    Taekman JM, Segall N, Hobbs G, et al. 3Di Teams: healthcare team 
training in a virtual environment. Anesthesiology. 2007;107:A2145.  

    44.    Cicarelli DD, Coelho RB, Bensenor FE, Vieira JE. Importance of 
critical events training for anesthesiology residents: experience 
with computer simulator. Rev Bras Anestesiol. 2005;55:151–7.  

    45.    Biese KJ, Moro-Sutherland D, Furberg RD, et al. Using screen-
based simulation to improve performance during pediatric resusci-
tation. Acad Emerg Med. 2009;16 Suppl 2:S71–5.  

    46.    Tan GM, Ti LK, Tan K, Lee T. A comparison of screen-based simu-
lation and conventional lectures for undergraduate teaching of crisis 
management. Anaesth Intensive Care. 2008;36:565–9.  

    47.    Schwid HA, Rooke GA, Ross BK, Sivarajan M. Use of a computer-
ized advanced cardiac life support simulator improves retention of 
advanced cardiac life support guidelines better than a textbook 
review. Crit Care Med. 1999;27:821–4.  

    48.    Schwid HA, Rooke GA, Michalowski P, Ross BK. Screen-based anes-
thesia simulation with debrie fi ng improves performance in a manne-
quin-based anesthesia simulator. Teach Learn Med. 2001;13:92–6.  

    49.    Bonnetain E, Boucheix JM, Hamet M, Freysz M. Bene fi ts of com-
puter screen-based simulation in learning cardiac arrest procedures. 
Med Educ. 2010;44:716–22.  

    50.    Nyssen AS, Larbuisson R, Janssens M, Pendeville P, Mayne A. 
A comparison of the training value of two types of anesthesia simu-
lators: computer screen-based and mannequin-based simulators. 
Anesth Analg. 2002;94:1560–5.  

    51.    Owen H, Mugford B, Follows V, Plummer JL. Comparison of three 
simulation-based training methods for management of medical 
emergencies. Resuscitation. 2006;71:204–11.  

    52.    Schwid HA, O’Donnell D. Anesthesiologists’ management of sim-
ulated critical incidents. Anesthesiology. 1992;76:495–501.  

http://www.aamc.org/mededportal
http://www.aamc.org/mededportal


208 K.M. Ventre and H.A. Schwid

    53.    DeAnda A, Gaba DM. Role of experience in the response to simu-
lated critical incidents. Anesth Analg. 1991;72:308–15.  

    54.    Gaba DM, DeAnda A. The response of anesthesia trainees to simu-
lated critical incidents. Anesth Analg. 1989;68:444–51.  

    55.    Ventre KM, Collingridge DS, DeCarlo D, Schwid HA. Performance 
of a consensus scoring algorithm for assessing pediatric advanced 
life support competency using a computer screen-based simulator. 
Pediatr Crit Care Med. 2009;10:623–35.  

    56.    Hunt EA, Walker AR, Shaffner DH, Miller MR, Pronovost PJ. 
Simulation of in-hospital pediatric medical emergencies and car-
diopulmonary arrests: highlighting the importance of the  fi rst 5 
minutes. Pediatrics. 2008;121:e34–43.  

    57.    Shilkofski NA, Nelson KL, Hunt EA. Recognition and treatment of 
unstable supraventricular tachycardia by pediatric residents in a 
simulation scenario. Sim Healthc. 2008;3:4–9.  

    58.    Dhara VR, Dhara R. The Union Carbide disaster in Bhopal: a review 
of health effects. Arch Environ Health. 2002;57:391–404.  

    59.    Dhara VR, Gassert TH. The Bhopal syndrome: persistent questions 
about acute toxicity and management of gas victims. Int J Occup 
Environ Health. 2002;8:380–6.  

    60.    Okumura T, Suzuki K, Fukuda A, et al. The Tokyo subway sarin 
attack: disaster management, part 1: community emergency 
response. Acad Emerg Med. 1998;5:613–7.  

    61.    Morita H, Yanagisawa N, Nakajima T, et al. Sarin poisoning in 
Matsumoto, Japan. Lancet. 1995;346:290–3.  

    62.    Nozaki H, Hori S, Shinozawa Y, et al. Secondary exposure of medi-
cal staff to sarin vapor in the emergency room. Intensive Care Med. 
1995;21:1032–5.  

    63.    Subbarao I, Johnson C, Bond WF, et al. Symptom-based, algorith-
mic approach for handling the initial encounter with victims of 
a potential terrorist attack. Prehosp Disaster Med. 2005;20:301–8.  

    64.    Bond WF, Subbarao I, Schwid HA, Bair AE, Johnson C. Using 
screen-based computer simulation to develop and test a civilian, 
symptom-based terrorism triage algorithm. International Trauma 
Care (ITACCS). 2006;16:19–25.  

    65.    Michels P, Gravenstein D, Westenskow DR. An integrated graphic 
data display improves detection and identi fi cation of critical events 
during anesthesia. J Clin Monit. 1997;13:249–59.  

    66.    Smith NT, Davidson TM. BODY Simulation. San Clemente: 
Copyright Advanced Simulation Corporation; 1994.      



209A.I. Levine et al. (eds.), The Comprehensive Textbook of Healthcare Simulation, 
DOI 10.1007/978-1-4614-5993-4_15, © Springer Science+Business Media New York 2013

   Introduction 

 The  fi rst computer-controlled full-scale mannequin simulator, 
Sim One®, developed in the 1960s, required a number of com-
puters and operators to function. Today’s control systems are 
much more compact and vary in their use of electronic, com-
puter, pneumatic, and  fl uid controls. Due to the phenomenal 
growth of computer hardware and software technology, today’s 
mannequins may be completely tetherless and controlled from 
a portable device that models highly sophisticated physiologic 
and pharmacologic principles. These mannequin-based simu-
lators are commonly referred to as full-scale simulators, high-
 fi delity simulators, or realistic simulators. 

 Mannequin-based simulators are only one piece of a fully 
immersive environment (Fig.  15.1 ). To bring mannequins to 
life, there must be an operator, or a team of operators, to des-
ignate inputs to the mannequin. The mannequin’s output such 
as physical  fi ndings, physiologic data, and other verbal cues 
can create a greater immersive environment that will have an 
effect on the learner. The learner, through their actions and 
interventions, also affects the immersive environment. The 
operator may adjust inputs to both the mannequin and the 

immersive environment to vary and optimize the experience 
for the learner.  

 Mannequin-based simulators should be viewed as part of 
the spectrum of simulation. For clarity, mannequin-based 
simulators will be assumed to include simulators that have 
the ability to display a range of physical attributes and physi-
ologic parameters, are life-sized, and have the ability to have 
controllable inputs that result in outputs. The mannequin-
based simulators in this chapter are controlled by a computer 
platform (Figs.  15.2  and  15.3 ) which allows for programma-
bility as well as “on the  fl y” changes and come in four gen-
eral sizes: adult, child (5–12 years old), infant (2–18 months 
old), and neonate (0–2 months old). Mannequin-based part-
task trainers will also be considered in this chapter.    

   Control and Modeling 

 Broadly speaking, mannequin simulators are either operator-
driven or autonomous. Operator-driven mannequins rely on the 
instructor, rather than modeling, to drive the simulator. Responses 
to interventions are controlled by the operator since there is typi-
cally limited ability of the mannequin to provide intervention 
feedback. Autonomous simulators utilize mathematical model-
ing algorithms to prompt changes in status or physiology based 
on intervention. For example, giving intravenous  fl uids to an 
autonomous simulator will correct signs of hypovolemia auto-
matically (i.e., increased blood pressure with a reduction of 
heart rate), while the same intervention in an operator-driven 
mannequin requires changing of the appropriate vital signs by 
the operator. A learner’s perspective of the simulated scenario is 
the same regardless of type, but the operator’s ability to control 
the scenario varies. Operator-driven mannequins are typically 
less complicated and easy to control but are dependent on the 
operator to ensure that the physiologic data (e.g., vital signs) are 
realistic. Realism is less of an issue with autonomous simula-
tors, but the plethora of physiologic parameters that can be 
manipulated can be overwhelming and generally requires at 
least a modest understanding of the physiologic mechanisms. 
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  Fig. 15.1    Mannequin-based simulators placed in the larger simulation context which includes an immersive environment, inputs and outputs, and 
an operator learner pairing       

  Fig. 15.2    SimMan®  3G user interface (Photo courtesy of Laerdal Medical. All rights reserved)       
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 Even though a simulator may be primarily operator-
driven, varying degrees of physiologic modeling may be 
included that allows for autonomous changes. For example, 
some operator-driven mannequins may respond to the appli-
cation of oxygen or use of bag-valve mask by increasing the 
simulator’s oxygen saturation without input from the opera-
tor. Additionally, some operator-driven mannequins detect 
electrical current and can respond to cardioversion, 
de fi brillation, or pacing. 

 Complex mathematical models are crucial to the develop-
ment of today’s autonomous mannequin simulators to pre-
dict physiological and pharmacological responses. These 
models  fi rst appeared in screen-based simulators before 
being integrated into mannequin simulators. The models use 
mathematical terms to describe the relationship between two 
or more physiologic parameters and behave similarly to real-
life processes. The model acts as an “engine” for the simula-
tor and is affected by learner intervention as well as events 
scripted by the operator. By accurately generating physio-
logic responses to learner actions, these models can reduce, 

for instance, the need for operators to specify moment-to-
moment vital signs, signi fi cantly reducing the operator’s 
workload to allow more time for observing learner activity. 

 Not all patient conditions can be easily modeled. Because 
of inter-patient variability and the large number of contribut-
ing factors, there is no way to predict exactly when, for 
example, a patient will have a cardiac event. A model can, 
however, calculate the likelihood of such an event based on 
the information available.  

   Fidelity 

 Fidelity refers to the degree a simulator is able to reproduce a 
real-world environment. Though levels of  fi delity are not for-
mally de fi ned, it is generally accepted that the advanced 
 mannequin-based simulators discussed in this chapter are in 
the higher- fi delity ranges. These “full-scale” or “high- fi delity” 
simulators are usually found in high- fi delity environments 
and designed to interact with healthcare providers on both the 

  Fig. 15.3    Gaumard’s GIGA user interface (Photo courtesy of Gaumard Scienti fi c 2012. All rights reserved)       
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psychomotor and cognitive domains of learning  [  1  ] . Fidelity 
ultimately depends on the intended application. A mannequin 
designed for neurologic surgery would not be considered high 
 fi delity in a simulated labor and delivery setting where the 
objectives focus on techniques of vaginal delivery. 

 Mannequin features such as realistic heart sounds, pal-
pable pulses, and the ability to speak add to simulation 
 fi delity. Though these advanced features come at a higher 
cost  [  2  ] , there are many studies that indicate training with 
realistic mannequins improves clinical performance (ACLS 
 [  3  ] , detection of murmurs  [  4  ] ), and improves skills with full-
mannequin simulators (airway management  [  5  ] , medical 
emergencies  [  6  ] , PALS  [  7  ] , ACLS  [  8  ] , trauma management 
 [  9  ] ). Conversely, some studies indicate that learners training 
with higher- fi delity mannequins have no advantage in skills 
or knowledge compared to learners training with lower-
 fi delity modalities  [  10–  12  ] . There appears to be insuf fi cient 
evidence to make a  fi nal determination on how  fi delity corre-
lates with effectiveness or clinical outcomes. It is important 
to note, however, that learners consistently report greater sat-
isfaction with more realistic high- fi delity mannequins  [  12, 
  13  ] . In some regards, the most appropriate level of  fi delity 
depends on the learners and the learning objectives. It is 
important to note that even the most advanced simulators 
have important limitations and none rival the sophistication 
of, for instance,  fl ight simulators used by pilots.  

   Programming Principles 

 Commonly the simulation scenario will last approximately 
one-third of the allotted time allowing two-thirds of the time 
for debrie fi ng (Chaps.   6     and   7    ). Depending on the complexity 
of the case, the types of learners, and the learning objectives, 
the simulation scenario may only last a matter of minutes. 
Due to this relatively short time frame, clinical treatments 
such as administering a  fl uid bolus, which may typically occur 
over 5 min, often occur over 1 min or even instantly in simula-
tion. These time-scaling properties are generally built into the 
commonly available programming platforms. When program-
ming these treatment effects on the simulator and monitor, it 
is important that they do not occur too fast to be unrealistic 
but not too slow that the intensity of the session is lost. 

 All simulators can be run “on the  fl y,” meaning without a 
preexisting program. This works very well when very few 
changes occur or only one change occurs at a time. For 
example, if a patient develops supraventricular tachycardia 
(SVT), one can simply change the rhythm from normal sinus 
rhythm to SVT. This change can be detected on the patient 
monitor (increase in heart rate and loss of P waves) as well as 
the simulator (increases in palpable pulse rate and heart 
sounds). Clinically speaking, however, many changes occur 
over time and multiple changes may occur simultaneously. 

For example, a child in shock will have increased heart rate, 
decreased blood pressure with either a narrowed or widened 
pulse pressure, increased respiratory rate, and decreased end-
tidal carbon dioxide. If this child is given  fl uids, there will be 
multiple simultaneous changes over a period of time. It is 
very dif fi cult for an operator to program these changes “on 
the  fl y” and have each of these changes over simultaneously 
over time. The common programming platforms, however, 
allow scenarios to be programmed in a way that by clicking 
one state such as “improvement” or “ fl uid administration,” 
all of these changes begin at once and occur over a speci fi ed 
time (Fig.  15.4 ).  

 Operator-driven simulators can be programmed by adjust-
ing vital signs, simulator voice/sounds (i.e., vomiting, grunting, 
crying), and physical exam  fi ndings. The programmer must 
have a working knowledge of expected changes caused by vari-
ous treatments. Either too great, small, fast, or slow decreases 
the believability of the scenario. If the person programming the 
scenario has limited clinical experience, it is important that 
they work with someone more familiar with clinical manifesta-
tions to carefully adjust magnitudes and speed of treatment 
effects by someone with clinical experience. 

 Trending is a helpful programming feature that prevents 
sudden unbelievable vital sign changes. Trending changes can 
be programmed to occur over seconds to minutes. Examples 
of effective changes done through the use of trends are:
    1.    Administration of oxygen – Increase saturations 5–10% 

over 30–60 s depending on scenario pathophysiology.  
    2.    Administration of intravenous  fl uids – Decrease heart rate 

by 5–10 beats per minute over 30–60 s and increase blood 
pressure by 5–10 mmHg over 30–60 s.  

    3.    Administration of neuromuscular blocking agent – 
Decrease respiratory rate to zero over 5–30 s depending 
on particular agent administered.  

    4.    Administration of dopamine – Increase blood pressure by 
5–10 mmHg and increase heart rate 5–10 beats per minute 
over 30–60 s.  

    5.    Seizure – Increase heart rate by 25–50 beats per minute, 
increase blood pressure 20–40 mmHg, over 5–10 s, and 
increase end-tidal carbon dioxide by 10–30 over 1–2 min.  

    6.    Administration of anticonvulsants to treat seizures – 
Reverse above changes over a similar time frame.  

    7.    Worsening – This trend can be programmed which the 
operator can activate when participants enter. This may be 
preferable to starting the physiologic changes when the 
scenario is opened. It can be hard to predict the exact 
entrance of participants.  

    8.    Shock – This can be an excellent example of a worsening 
change. Heart rate gradually increases, respiratory rate 
increases, end-tidal carbon dioxide decreases, and blood 
pressure decreases. Both systolic and diastolic pressure 
can decrease together or they can widen or narrow depend-
ing on the type of shock.     

http://dx.doi.org/10.1007/978-1-4614-5993-4_6
http://dx.doi.org/10.1007/978-1-4614-5993-4_7
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 As these trends are created, they can be saved and used 
again for any other scenario. For example, many cases will 
have a component of hypoxia which is improved with oxy-
gen. You can insert this trend into any of these cases. 

 Autonomous simulators are programmed by adjusting sim-
ulator physiology or by programming events that result in 
physiologic changes. For instance, if the operator wants to 
simulate shock, they may simply program the simulated 
patient to lose 10% of their blood volume over a desired time 
frame. Unlike operator-driven simulators that require the oper-
ator to actually change the vital signs, autonomous simulators 
will improve by infusing blood. The physiology of autono-
mous simulators is complex but sometimes needs to be 
adjusted slightly to make changes occur at a different rate or 
degree. Complex trending in autonomous simulators may be 
replaced by the use of scenarios that contain multiple physio-
logic changes in each state. In addition, if more than one phys-
iologic change is programmed, these changes may interact and 
affect each other. It is crucial to test these combined physiol-
ogy changes to ensure a reasonable degree of believability. 

 CAE Healthcare (formerly METI) has one programming 
platform that functions autonomously, HPS, and a newer 
programming platform that functions more as operator-
driven, Müse®  (Fig.  15.5 ). Laerdal and Gaumard (Fig.  15.3 ) 
platforms are mostly operator-driven but may still respond 
autonomously to some interventions. All platforms include 
the ability to log and time stamp most physiological, phar-
macological, and event data. Some platforms also automati-
cally log advanced values such as alveolar and blood gases, 
cardiac output, and hematocrit values. These logs can aid in 
the programming of scenarios and events based on past sim-
ulations that were, perhaps, initially performed “on the  fl y.”  

 Nontechnical aspects of scenario programming are impor-
tant as well. As shown in Fig.  15.1 , supporting data such as 
mock laboratory results, appropriate radiographs improve 
the  fi delity of the scenario. In addition, confederates such as 
parents, spouses, nurses, doctors, and consultants assist both 
the reality of the case as well as help move the scenario if 
learners are frustrated or misinterpret a  fi nding which leads 
them to a completely different set of differential diagnoses 

  Fig. 15.4    Scenario palette of the HAL®  user interface (Photo courtesy of Gaumard Scienti fi c 2012. All rights reserved)       
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and therapies. An example of this is the use of stridor in the 
Laerdal infant. This inspiratory sound can be misinterpreted 
as wheezing. If learning objectives include the differential 
diagnosis of stridor such as laryngotracheitis and foreign 
body, this will not be considered if the physical  fi nding mis-
interpretation  fi nding is not corrected. Confederates can gen-
tly redirect learners with statements such as “It sounded 
more like stridor than wheezing to me” or “I think the noise 
is occurring during inspiration and not expiration.” Their 
verbal cues as referenced in Fig.  15.1  are often crucial.  

   Feature Considerations 

   Respiratory 

 Most mannequins generate realistic breath sounds while the 
chest wall moves with respiration. Oxygen sensors are built 
in some models allowing for detection of changes in inspired 
oxygen concentration and, according to physiologic models, 
change the saturation accordingly. In addition, more advanced 
mannequin modeling considers patient-speci fi c factors such 
as weight, functional residual capacity, cardiac output, shunt, 
and dead space. The rate of saturation and desaturation may 
be adjusted in some mannequins giving the instructor more 
control over timing of the scenario. Some models include a 
gas analyzer and may detect anesthetic gases (Fig.  15.6 ).  

 Some mannequins may be attached to an external carbon 
dioxide source to simulate end-tidal carbon dioxide. 
 Mannequins capable of exhaling carbon dioxide may do so 
in one of two ways. Some mannequins release an unprecise 
amount of carbon dioxide intended solely for qualitative 
assessment (e.g., to produce a positive response with a colo-
rimetric carbon dioxide detector). Other mannequins pro-
duce model-driven condition-speci fi c carbon dioxide 
waveforms capable of generating a capnogram. 

  Fig. 15.5    CAE Healthcare’s Müse®  user interface (Photo courtesy of CAE Healthcare ©2012 CAE Healthcare)       

  Fig. 15.6    METI HPS®  Human Patient Simulator has an optional anes-
thesia delivery system (Photo courtesy of CAE Healthcare ©2012 CAE 
Healthcare)       
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 Use of computer-controlled mannequins in the intensive 
care setting is limited by the capacity to respond physiologi-
cally to complex changes in mechanical ventilator modes 
and settings (PEEP, I-E ratios, pressure control, etc.). More 
recently simulators have been introduced with dependable 
dynamic airway and lung compliance, variable respiratory 
rates, and I-E ratios to accommodate mechanical ventilatory 
support. Most mannequins do, however, interface well with 
high-frequency oscillatory ventilation.  

   Cardiovascular 

 Pulse volume and strength is typically palpable at multiple ana-
tomic locations and may dissipate with decreasing blood pressure. 
A range of heart sounds is present and may be auscultated using a 
standard stethoscope (Fig.  15.7 ). Most high- fi delity mannequins 
include a library of rhythms, and some are capable of generating 
a real electrocardiogram signal when connected to real equipment 
(Fig.  15.8 ). Many valvular heart diseases may be simulated and 
autonomous mannequins demonstrate hemodynamic behavior 
that re fl ects valvular lesions automatically. Learners sometimes 
 fi nd it dif fi cult to hear or interpret mannequin heart sounds accu-
rately with the notable exception of Harvey®  the cardiopulmonary 
patient simulator designed for this purpose. Some mannequins 
simulate realistic jugular venous distension based on cardiac sta-
tus. Almost all models are capable of full chest compressions and 
some provide feedback on effectiveness (Fig.  15.9 ).     

   Airway 

 Most mannequin simulators allow for realistic bag-valve-mask 
intervention as well as endotracheal and nasotracheal intuba-
tion. Depth and position of endotracheal tube placement are 
sensed and respond appropriately in some models. Gastric 

 distension typically results if a tube is placed in the esophagus. 
Operators may manipulate airway conditions to facilitate cannot 
ventilate and/or cannot intubate scenarios. This may be achieved 
through glottic and/or tongue swelling, trismus, laryngospasm, 
or bronchial occlusion. Cricothyrotomy is possible through 
replaceable neck skins. Some models are capable of oral secre-
tions to add even more realism to airway manipulation. 

 In most situations, a dedicated airway trainer is superior to 
full-body mannequin simulators in terms of airway realism and 
manipulation. Even so, most model-based mannequins have an 
airway capable of basic airway interventions including placement 
of endotracheal tubes and laryngeal mask airways, mask ventila-
tion, jet ventilation, and cricothyrotomy. In most cases, advanced 
airway techniques such as double-lumen tracheal tube placement 
and retrograde intubation are also possible. Mannequins with 
realistic tracheal and bronchial anatomy allow for direct laryngo-
bronchoscopy and even practice of foreign body removal.  

   Neurologic 

 Many mannequin simulators have eyes that open, blink, and 
close depending on the state of consciousness (Fig.  15.10 ). 

  Fig. 15.7    Heart sounds being auscultated on METI iStan®  (Photo 
courtesy of CAE Healthcare ©2012 CAE Healthcare)       

  Fig. 15.8    HAL®  S3201 connected to real 12-lead ECG (Photo cour-
tesy of Gaumard Scienti fi c 2012. All rights reserved)       

  Fig. 15.9    Chest compressions performed on METIman®  (Photo cour-
tesy of CAE Healthcare ©2012 CAE Healthcare)       
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Some mannequins feature pupils that change automatically 
in response to light or programmed states, while other 
 mannequins have eyes that may be manually rotated to select 
a pupil size. Many full-scale mannequins also include embed-
ded speakers that allow an operator to speak as the patient 
making the system a virtual standardized patient. The capac-
ity to seize is included in some models though it is generally 
limited to movement of the head in adults and children or 
torso in infants. Degree of drug-induced paralysis may be 
monitored in at least one mannequin model by use of a 
peripheral nerve stimulator that simulates adductor pollicis 
muscle twitches. Some infant mannequins allow for assess-
ment of the anterior fontanelle which may be bulging in 
when intracranial pressure in elevated.   

   Extremities 

 Generally all mannequin simulators have some degree of 
articulation though some are more limited than others. Some 
mannequins are capable of circumoral and/or peripheral 
cyanosis (Fig.  15.11 ). Various add-on kits are available to 
facilitate trauma conditions such as amputations (Fig.  15.12 ).    

   Pharmacologic Intervention 

 Select mannequins include drug recognition systems that 
identify drug, concentrations, and dosages administered via 
a bar-coded syringe  fi lled with sterile water (Fig.  15.13 ) or 
radiofrequency identi fi cation tags (Fig.  15.14 ). These 
 mannequins have varying degrees of pharmacologic model-
ing to autonomously initiate a realistic response. Some man-
nequins may be  fi tted with anesthesia delivery kits to allow 
for simulation of various anesthetic gas administrations.    

  Fig. 15.10    SimMan®  3G eye signs (Photo courtesy of Laerdal Medical. 
All rights reserved)       

  Fig. 15.11    Newborn HAL®  S3010 includes cyanosis as a standard 
feature (Photo courtesy of Gaumard®  Scienti fi c 2012. All rights 
reserved)       

  Fig. 15.12    CAE Caesar™ trauma patient simulator is built with mod-
ular limbs that may be moulaged for amputation (Photo courtesy of 
CAE Healthcare ©2012 CAE Healthcare)       

  Fig. 15.13    METI HPS®  Human Patient Simulator drug recognition 
system uses barcode technology to accurately identify drug adminis-
tered, concentration, and dose (Photo courtesy of CAE Healthcare 
©2012 CAE Healthcare)       
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   Procedural Intervention 

 Mannequins may be used for training invasive procedures such 
as chest tube insertion, needle thoracotomy, pericardiocentesis, 
diagnostic peritoneal lavage, urinary catheter placement, surgical 
cricothyroidotomy, and various other interventions. Intravenous 
catheter placement and arterial sampling are available on some 
models and may result in blood “ fl ashback” to assist the learner 
in verifying placement. Mannequin skin and internal tubing, 
however, are rarely durable enough to make this a practical pro-
cedure during routine simulations. Most pediatric mannequins 
are capable of intraosseous access and infusion as well.  

   Interface with Existing Equipment 

 Vital signs are typically displayed on an accompanying mon-
itor. Some mannequin simulators have the ability to interface 
with standard patient monitoring equipment, while other 

simulators require a monitor to be attached to the control 
computer that generates the clinical data that is displayed. 
Some manufacturers also include the ability to display 
 clinical images such as chest radiographs (Fig.  15.15 ) or 
electrocardiograms.   

   Portability 

 Mannequins often are used in a  fi xed location though more 
recently developed mannequins are more portable. Institutions 
utilizing in situ simulations value mannequins that are easily 
transported. In addition, simulators are sometimes trans-
ported outside the facility for training purposes. Mannequin 
portability has greatly increased in recent years due to avail-
ability of tetherless mannequins, rechargeable batteries, and 
reduced size of associated equipment including cabling, 
hoses, and compressors necessary to operate the mannequin. 
Many pediatric simulators and associated equipment can be 
contained in a portable crib or isolette.  

   Cost 

 Although not a “feature” per se, another signi fi cant point of 
comparison for mannequin-based simulators are the costs. In 
general, cost will rise with the degree of technicality and 
advanced features. The initial purchase price should be con-
sidered as well as costs associated with service contract, 
upgrades, associated software, and hardware requirement. It 
is not uncommon for new features to become available that 
may require an additional investment. Because simulators 
vary in their ease of operability, another cost consideration is 
the degree to which varying levels of operators may be 
trained to use the equipment. 

 Regardless of features, it should be noted that mannequin 
simulators today are fairly unreliable compared to compara-
tively priced devices used on a daily basis. The degree of 
unreliability seems to increase with the complexity of the 
mannequin. Busy centers realize the importance of having an 
experienced simulationist that can quickly address these sud-
den problems. It is generally advisable to maintain warranty 
coverage in order to address these expected malfunctions 
and required repairs.   

   Examples of Mannequin Simulators 

 At the writing of this chapter, there are three primary companies 
that produce programmable mannequin-based  simulators in 
North America: Laerdal (Stavanger, Norway), CAE Healthcare 
(Sarasota, Florida), and Gaumard (Miami, Florida). All three 
companies manufacture adult and pediatric simulators. 

  Fig. 15.14    SimMan®  3G advanced drug recognition system uses 
radiofrequency identi fi cation tags (Photo courtesy of Laerdal Medical. 
All rights reserved)       
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   Adult Mannequin Simulators 

 Though features differ between models and companies, 
 mannequins with similar price points are generally compa-
rable (Table  15.1 ; Figs.  15.16 ,  15.17 ,  15.18 , and  15.19 ). 
Although prescribing every mannequin in detail is beyond 
the scope of this chapter, a few adult mannequins with distin-
guishing characteristics are described below. For complete-
ness the reader is referred to Table  15.1  for side by side 
comparisons of equipment.      

   Human Patient Simulator, HPS (CAE Healthcare) 
 The Human Patient Simulator (HPS), initially commercial-
ized by Loral Data Systems, then Medical Education 
Technologies (METI) and now CAE Healthcare, is a full-
sized mannequin supported by gas analyzer and advanced 
physiologic and pharmacologic modeling (Fig.  15.20 ). 
Though HPS development dates back to the late 1980s, it 
remains one of the most complex and comprehensive patient 
simulators available. The HPS was the  fi rst patient simulator 
with the ability to provide respiratory gas exchange, anesthe-
sia delivery, and patient monitoring with real physiological 
 clinical monitors making it ideal for simulations involving 
anesthesia, critical care, and respiratory care. In addition 
to commonly available feature, some of the enhanced 
 capabilities include light-responsive pupils, thumb twitch to 
peripheral nerve stimulator, drug recognition, variable lung 

compliance and airways resistance, and model-controlled 
urinary output.   

   Emergency Care Simulator, ECS (CAE Healthcare) 
 Although similar in appearance to the HPS, the ECS is more 
mobile, has autonomous capabilities (i.e., will desaturate 
spontaneously during apneaic episodes) and therefore is 
more modestly priced. It lacks the ability to interface with 
actual physiologic monitors, inhaled anesthetic agent detec-
tion, or produce a true capnograph.  

   Caesar™ (CAE Healthcare) 
 Caesar was developed by the Center for Integration of 
Medicine Innovative Technology (CIMIT) in collaboration 
with the Telemedicine and Advanced Technology Research 
Center (TATRC) of the US Army Medical Research and 
Material Command for use by combat medics in the battle fi eld 
and other military-based environments (Figs.  15.23  and 
 15.24 ). Features such as video-based screen eyes not affected 
by debris in the  fi eld and a rugged, durable, water-resistant 
design makes Caesar ideal for a variety of terrain, climates, 
and environmental conditions. Caesar is operated by a tether-
less autonomous physiologically modeled interface pre-
loaded with trauma scenarios and is anatomically accurate 
with complete articulation of joints and spine. Other features 
include a hemorrhage control system with tourniquet sen-
sors, IV access, and multiple trauma-related procedural 

  Fig. 15.15    Chest radiography 
displayed on SimMan patient 
monitor (Photo courtesy 
of Laerdal Medical. All rights 
reserved)       
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  Fig. 15.16    METI iStan®  (Photo 
courtesy of CAE Healthcare 
©2012 CAE Healthcare)       

  Fig. 15.17    METIman®  (Photo 
courtesy of CAE Healthcare 
©2012 CAE Healthcare)       

  Fig. 15.18    HAL®  S3201 (Photo courtesy of Gaumard®  Scienti fi c 
2012. All rights reserved)       

  Fig. 15.20    METI HPS®  Human Patient Simulator (Photo courtesy of 
CAE Healthcare ©2012 CAE Healthcare)       

  Fig. 15.19    SUSIE®  S2000 (Photo courtesy of Gaumard®  Scienti fi c 
2012. All rights reserved)       
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interventions like needle thoracostomy and airway 
management.    

   NOELLE®  (Gaumard) 
 The NOELLE®  Maternal and Neonatal Birthing Simulator 
(Figs.  15.21  and  15.22 ) provides a complete birthing expe-
rience before, during, and after delivery. A variety of birth-
ing scenarios including breech delivery, shoulder dystocia, 
and postpartum hemorrhage are preprogrammed, and 
learners may choose normal vaginal or instrumented deliv-
ery. In addition to the features expected of any adult man-
nequin simulator (breath sounds, realistic airway, pulses, 
etc.), NOELLE is capable of simulating caesarean sec-
tions, fundal massage, and episiotomy repairs. NOELLE®  

may be purchased with an accompanying Newborn HAL®  

allowing for neonatal resuscitation/monitoring after the 
simulated birth. The system is equipped with vital sign and 
perinatal (fetal) monitoring. Recently, a midrange NOELLE 
was introduced that, while retaining most of the obstetric-
related functionality, lacks some of the advanced non-
obstetric features such as advanced eye systems and 
wireless functionality.    

   SimMan™ (Laerdal) 
 SimMan™ is a computer-operated total-body mannequin 
simulator and was one of the  fi rst totally mobile computer- 
controlled mannequins (Fig.  15.25 ). SimMan™ includes a 
patented airway system for highly realistic airway manipula-
tion. SimMan™ can be operated on the  fl y or with user-gen-
erated scenarios and, like other Laerdal simulators, is 
supported by SimStore, a unique online resource for pur-
chasing annual or capital licenses for predeveloped scenarios 
and simulation content. The newest model, SimMan™ 3G, 
includes radiofrequency identi fi cation technology in chin 
and arm for drug recognition, an internal air compressor in 
each leg, internal reservoirs for water and simulated blood to 
emulate exsanguination and secretions (Fig.  15.26 ), and 
intraosseous line placement (Fig.  15.27 ).      

   Pediatric Mannequin Simulators 

 Pediatric mannequin simulators are available in a variety of 
size and age ranges from premature infants to older children. 
Many common features of pediatric mannequins are found in 
Table  15.2  and are summarized below.  

   PediaSIM (CAE Healthcare) 
 PediaSIM is a child simulator that is available as a Human 
Patient Simulator (HPS) or Emergency Care Simulator (ECS) 

  Fig. 15.21    NOELLE®  

Maternal and Neonatal 
Simulation System (Photo 
courtesy of Gaumard®  Scienti fi c 
2012. All rights reserved)       

  Fig. 15.22    NOELLE®  Maternal and Neonatal Simulation System 
(Photo courtesy of Gaumard®  Scienti fi c 2012. All rights reserved)       
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version (Fig.  15.28 ). Similar to the adult versions the HPS is 
necessary for use of anesthetic gases. There are also features 
in this simulator allowing medications with bar codes to be 
scanned and computer-controlled secretions. Some of the 
pharmacokinetic modeling, however, may be too fast or slow. 
The ECS version offers many of the same features as the 
HPS but they are not as automated. For example, tears can be 
produced connecting a syringe with sterile water to the tears 

tubing and pushing slowly. This often can be done very sub-
tly by confederates. This simulators eyes open and close and 
has a wireless microphone allowing for the controller to talk 
for the simulator. The voice comes from a speaker mounted 
in the simulator’s head. Both versions come with a full moni-
tor. PediaSIM can be controlled using either the autonomous 
HPS or operator-driven Müse®   platform and can be used to 
simulation patients approximately 6–10 years old.   

   Pediatric HAL (Gaumard) 
 Pediatric HAL comes in 1-year-old and 5-year-old versions 
which are similar in their functionality, operation, and 
 programming (Fig.  15.29 ). Both simulators are wireless 

  Fig. 15.23    CAE Caesar™ 
trauma patient simulator (Photo 
courtesy of CAE Healthcare 
©2012 CAE Healthcare)       

  Fig. 15.24    CAE Caesar™ trauma patient simulator (Photo courtesy of 
CAE Healthcare ©2012 CAE Healthcare)       

  Fig. 15.25    SimMan®  3G (Photo courtesy of Laerdal Medical. All 
rights reserved)       

  Fig. 15.26    SimMan®  3G eye secretions (Photo courtesy of Laerdal 
Medical. All rights reserved)       

  Fig. 15.27    SimMan®  3G intraosseous access (Photo courtesy of 
Laerdal Medical)       
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making them easier to transport to in situ scenarios and 
 non- hospital-based cases. They both function on a tablet 
computer controlled by a “touch pen.” They have eyes which 
open and close and pupils which can react to light. They both 
can “speak” via prerecorded age appropriate words and 
phrases. They can have a tracheostomy tube placed. Monitors 
are available but not standard. It is the opinion of the authors 
that the 1-year-old HAL appears more 18 months to 3 years 
old. The 5-year-old HAL can be used to simulation patients 
approximately 5–8 years old.   

   SimBaby (Laerdal) 
 SimBaby uses the same platform as SimNewB and the origi-
nal SimMan allowing easy transfer of operating skills 
(Fig.  15.30 ). This simulator comes with a full monitor with 
capabilities to display electrocardiograms and digital radio-
graphs utilizing the touch screen technology. It has six age 
appropriate verbal sounds. There is an anterior fontanelle 
which can be sunken, normal, or full. The components nec-
essary to function can be placed in a hospital crib allowing 
for relatively easy movement for in situ hospital scenarios. 
SimBaby can be modi fi ed to include an umbilical task trainer 

 [  14  ] . This infant simulator can be used to simulate patients 
approximately 1 week to 18 months old.   

   BabySIM (CAE Healthcare) 
 BabySIM has the physiology of a 6-month-old infant 
(Fig.  15.31 ). It uses the Müse®  operating platform and comes 
with a touch screen monitor. It has blinking eyes and the 
pupil size can be changed manually.   

   PEDI Blue Neonatal Simulator with SmartSkin 
Technology (Gaumard) 
 PEDI Blue Neonatal represents a 4 lb newborn allowing sim-
ulation of initial care such as suctioning, obtaining umbilical 
access, and intubation. An optional leg is available for 
intraosseous access and an optional arm is available for intra-
venous access and injections. This simulator has the capa-
bilities of peripheral and central cyanosis.  

   PREMIE Blue Simulator with SmartSkin Technology 
(Gaumard) 
 The PREMIE Blue (Fig.  15.32 ) simulates a 28-week prema-
ture infant with variable skin color based on the effectiveness 
of resuscitation. This simulator includes intraosseous, intra-
venous, and intramuscular sites as well as heel stick capabili-
ties for capillary blood samples.   

  Fig. 15.28    METI PediaSIM ®   

pediatric patient simulator 
(All rights reserved. Photo 
courtesy of CAE Healthcare 
©2012 CAE Healthcare)       

  Fig. 15.29    Pediatric HAL ®   

S3005 (Photo courtesy of 
Gaumard ®   Scienti fi c 2012. 
All rights reserved)       

  Fig. 15.30    SimBaby™ (Photo courtesy of Laerdal Medical. All rights 
reserved)       

  Fig. 15.31    METI BabySIM®  (Photo courtesy of CAE Healthcare 
©2012 CAE Healthcare)       
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   SimNewB (Laerdal) 
 SimNewB represents a 7 lb newborn that is capable of sim-
ulating initial tone (limp, normal tone, spontaneous move-
ment, seizures, etc.), cyanosis, and crying (Fig.  15.33 ). 
There is an umbilicus with two arteries and one vein all 
of which can be cannulated. It includes a standard monitor 
with the same features and properties of the other Laerdal 
simulators. This simulator can be intubated. There is no 
fontanelle and a peripheral venous catheter cannot be 
performed.     

   Part-Task Trainers 

 Historically nursing literature documents the use of leg and 
arm models to learn bandaging in 1874  [  15  ] . Many healthcare 
practitioners have experienced the use of various foods 
(oranges to learn injection techniques) or body parts (bones for 
intraosseous line placement  [  16  ] ) to learn procedure-speci fi c 

skills. Modern task trainers, however, generally take plastic 
form and allow for basic skill acquisition in a safe, risk-free 
environment. Perhaps the most familiar are compression mod-
els used for cardiopulmonary resuscitation training. 

 Part-task trainers (PTTs) represent a continuum of the 
mannequin-based simulation spectrum. Cooper and Taqueti 
de fi ne a PTT as one that replicates only a portion of a com-
plete process or system  [  17  ] . Most PTTs utilized in health-
care incorporate only the relevant anatomical section 
pertinent to a particular procedural skill. There is a signi fi cant 
body of scholarly work documenting the effectiveness of 
PTTs  [  18  ] . Part-task trainers are often the most commonly 
utilized modality for myriad  reasons including cost, size, 
and risk. Part-task trainers can be effectively used to teach 
novices the basics of psychomotor skills  [  19  ]  and can allow 
for maintenance and  fi ne-tuning of expert skills. Many cen-
ters  fi nd that PTTs minimize wear and tear and hence main-
tenance costs for high- fi delity mannequins when capabilities 
are duplicated. Part-task trainers, similar to mannequin-
based simulators, also vary in their  fi delity and features 
ranging from PTTs constructed of common household 
objects to highly evolved PTTs capable of complicated vir-
tual tasks (see Chap.   16    ). In a 2008 article, Cooper and 
Taqueti noted over 20 types of PTTs available or in develop-
ment  [  20  ] . At the time of this writing, the list is signi fi cantly 
longer. This section seeks to outline the various major cate-
gories and uses of anatomically based PTTs in four catego-
ries: (1) airway management, (2) invasive procedures, (3) 
skills-based teaching, and (4) learning and special situa-
tions, primarily surgical. 

   Airway Management 

 Airway management skills require considerable practice to 
acquire competency. There are multiple PTTs that replicate 
various portions of the anatomic airway with varying degrees 
of realistic head, neck, and chest anatomy (Figs.  15.34  and 
 15.35 ). These trainers allow for skill development in bag-valve 
masking, placement of nasal airways, oral airways, endotra-
cheal tubes, and supraglottic devices as well as tracheostomy 
care (Fig.  15.36 ). Some airway PTTs offer suf fi ciently correct 
bronchial anatomy for  fi beroptic bronchoscopy and even for-
eign body removal. At least one study showed that trainees can 
develop responses to and skill in management of emergency 
airway situations  [  21  ] . In addition, PTTs have been developed 
for attaining competency in rescue airway skills such as crico-
thyrotomy and tracheotomy (Fig.  15.37 ).      

   Invasive Procedures 

   Suturing and Knot Tying Trainers 
 Many healthcare providers have tied their  fi rst surgical knots 
on peg boards using recycled equipment. Specialized knot 

  Fig. 15.32    PREMIE™ Blue Simulator with SmartSkin™ Technology 
(Photo courtesy of Gaumard®  Scienti fi c 2012. All rights reserved)       

  Fig. 15.33    SimNewB®  (Photo courtesy of Laerdal Medical. All rights 
reserved)       
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tying boards and surgical skills development platforms are 
also available for this purpose. Suture practice arms and 
hands made with soft vinyl skin over stitchable foam are use-

ful for cutting and laceration repair. Models have also been 
developed to teach laparotomy opening and closing with 
attention to the layers of the abdominal wall.  

   Intravenous Access 
 Venipuncture PTTs, often models of arms or hands, are 
widely used in healthcare training. Intravenous (IV) access 
arms come with differing sizes and depths of veins 
(Figs.  15.38  and  15.39 ). These PTTs allow learners to 

  Fig. 15.36    Laerdal NG Tube and Trach Care Trainer (Photo courtesy 
of Laerdal Medical. All rights reserved)       

  Fig. 15.37    Cricoid Stick Trainer allows practice of surgical cricothy-
rotomy skills (Photo courtesy of Laerdal Medical. All rights reserved)       

  Fig. 15.35    Laerdal®  Airway Management Trainer (Photo courtesy of 
Laerdal Medical. All rights reserved)       

  Fig. 15.38    Laerdal IV Training Arm has replaceable skin and veins 
designed for peripheral intravenous therapy (Photo courtesy of Laerdal 
Medical. All rights reserved)       

  Fig. 15.34    AirSim Bronchi provides anatomically correct detail down 
to the fourth-generation bronchi (Photo courtesy of Trucorp, Ltd. All 
rights reserved)       
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become comfortable wearing gloves and using sterile tech-
nique. Some models have the ability to demonstrate a realis-
tic “ fl ashback” of simulated blood to con fi rm proper needle 
placement and may have veins which “roll.” Others allow for 
injection of  fl uids and withdrawal of blood.   

 Central line PTTs are also widely available some of 
which are adaptable for the use of ultrasound (Figs.  15.40  

and  15.41 ). Currently models are available that allow for 
central vascular catheterization using the subclavian, supra-
clavicular, internal jugular, and femoral approach and are 
available in both adult and pediatric sizes. Infant and neona-
tal trainers are available for umbilical venous (Fig.  15.42 ) 
and arterial line as well as intraosseous line placement 
(Fig.  15.43 ). Signi fi cant research has documented that 
important patient safety goals can be met with intentional 
practice by trainees prior to performing these skills in the 
clinical setting  [  22  ] .     

 Arterial puncture PTTs are available with a variety of 
features for blood collection and/or catheterization includ-
ing palpable arterial pulsation and natural  fl ashback of 
arti fi cial blood.  

  Fig. 15.39    Standard venipuncture arm (Photo courtesy of Limbs & 
Things ©2012   www.limbsandthings.com    )       

  Fig. 15.40    Chester Chest™ (Photo courtesy of Vata, Inc. ©2012 
  www.vatainc.com    )       

  Fig. 15.41    Peter PICC Line™ (Photo courtesy of Vata, Inc. ©2012 
  www.vatainc.com    )       

  Fig. 15.42    Baby Umbi: female newborn infant reproduction designed 
for the practice of umbilical catheterization (Photo courtesy of Laerdal 
Medical. All rights reserved)       
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   Lumbar Puncture and Epidural Trainers 
 Several lumbar puncture and epidural PTTs are commer-
cially available (Fig.  15.44 ). Both infant and adult models 
have been used in educational settings  [  23  ] . An area of active 
research is looking at the transferability to the clinical setting 
of simulated lumbar puncture training  [  19  ] .   

   Thorax Procedures 
 While many of the full-body mannequins offer the capability 
for needle thoracostomy, chest tube placement (Fig.  15.45 ), 
paracentesis, and pericardiocentesis, many centers  fi nd it 
helpful to utilize procedure-speci fi c PTTs to assist in devel-
oping competency for each. Indeed, it is now common for 
torso-based surgical PTTs such as TraumaMan®  (Fig.  15.46 ) 
to be used as part of Advanced Trauma Life Support (ATLS) 
courses  [  24  ] . In addition, PTTs are available for teaching the 
concepts of closed water-seal drainage systems as well as 
their setup and maintenance.    

  Fig. 15.43    Laerdal intraosseous trainer (Photo courtesy of Laerdal 
Medical. All rights reserved)       

  Fig. 15.44    Lumbar puncture/epidural trainer (Photo courtesy of 
Simulab. All rights reserved)       

  Fig. 15.45    Chest tube placement (Photo courtesy of Laerdal Medical. 
All rights reserved)       

  Fig. 15.46    TraumaMan®  (Photo courtesy of Simulab. All rights 
reserved)       
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   Orthopedic Joint and Anesthetic Block Trainers 
 Injection models are available for the shoulder, pelvis, 
lumbosacral spin, elbow, wrist, hip, ankle, and knee 
(Figs.  15.47 ,  15.48 , and  15.49 ). Several models give 
audio feedback when an internal structure is touched 
with an errant needle. Part- tasks trainers for complex 

regional and central block techniques are also 
available.      

   Other Skills-Based Teaching and Learning 

   Breast Exam Trainer 
 Several breast examination PTTs are available for and may 
include the axillary and/or clavicular regions. Some breast 
exam PTTs may be worn like a costume and comes with 
interchangeable inserts to allow for identi fi cation of masses 
of various sizes and consistencies. This model can be used in 
integrated simulations.  

   Prostate Exam Simulator/Pelvic Examination 
Trainers/Urinary Catheter Trainers 
 Multiple PTTs are available for both anatomic instruction 
and procedural practice of male and female urinary catheter 
placement and perineal care (Fig.  15.50 ). Pathological con-
ditions involving the prostate and colon can be varied in 
some models. There is a normal feeling of resistance and 
pressure as a catheter passes through the urethra, and arti fi cial 
urine  fl ows through the catheter when it enters the bladder. 
Pelvic simulators are designed to facilitate pelvic examina-
tion and tumor detection (Fig.  15.51 ). Basic simulators allow 
for palpation and manipulation of bony landmarks and 
organs, while more advanced simulators are designed for 
surgical procedures such as pelvic  fl oor reconstruction.    

   Nasogastric Tube and Tracheostomy Care Trainers 
 Several PTTs been developed for instruction in the care of 
patients with tracheostomies and, in many cases, include the 
ability to place nasogastric tubes and practice gastrointesti-
nal care via nasal and oral routes. In addition to  commercially 

  Fig. 15.47    Shoulder for joint injection (Photo courtesy of Limbs & 
Things ©2012   www.limbsandthings.com    )       

  Fig. 15.48    Foot and ankle for joint injection (Photo courtesy of Limbs 
& Things ©2012   www.limbsandthings.com    )       

  Fig. 15.49    Hand and wrist for joint injection (Photo courtesy of Limbs 
& Things ©2012   www.limbsandthings.com    )       
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available trainers, low-cost alternatives have been published 
 [  25,   26  ] .  

   Ear and Eye Exam Models 
 Ear PTTs are available which allows for examination of the 
tympanic membrane directly with an otoscope and can also 
be used to practice earwax and foreign body removal. Eye 

PTTs have also been designed to allow for fundoscopic exam 
with variable slides, depth, and pupil diameter.  

   Harvey ®   
 Harvey ®   was the  fi rst cardiopulmonary simulation system 
introduced in 1968 at the American Heart Association 
Scienti fi c Sessions (Fig.  15.52 ). Harvey ®  can demonstrate 
almost any cardiac condition by varying blood pressure, 
heart sounds, pulses, and respirations. Learners can view 
bilateral jugular venous pulse waveforms and arterial pulses 
as well as precordial impulses. Harvey ®   is a proven system to 
teach transferrable bedside skills and improve learner 
con fi dence and diagnostic abilities  [  27–  29  ] . Harvey ®   now 
comes with a computer-based curriculum that allows for 
user-driven learning as well.   

   Surgical Simulators 
 There are multiple forms of surgical simulators currently 
available: nonanatomic, anatomic, and virtual. Some surgi-
cal simulators are not anatomically correct and, in fact, may 
not resemble anatomy at all because they focus on the han-
dling of instruments used to perform surgery. The number of 
anatomically based surgical trainers on the market is cur-
rently growing and includes the recent release of Surgical 
Chloe™ by Gaumard (Figs.  15.53  and  15.54 ), a full-body 
surgical simulator that incorporates the lifelike use of real 
surgical instruments. Virtual surgical simulators are the most 
common and are discussed in Chap.   16    .      

   PTT Development 

 There is active PTT development ongoing at many simula-
tion centers around the world. In part driven by local factors 
and most certainly by cost, many innovative models are 
being developed, exhibited in posters, and published in jour-
nals such as the Journal of the Society of Simulation in 
Healthcare. Many surgical centers are using PTTs in combi-
nation with biological tissue to teach thoracic and cardiovas-
cular surgical skills  [  30,   31  ] . A middle  fi delity model for 

  Fig. 15.52    Harvey®  the Cardiopulmonary Patient Simulator (Photo 
courtesy of Laerdal Medical. All rights reserved)       

  Fig. 15.51    Clinical male pelvic trainer designed for testicular and rec-
tal examination (Photo courtesy of Limbs & Things ©2012   www.limb-
sandthings.com    )       

  Fig. 15.50    Advanced catheterization trainer (Photo courtesy of Limbs 
& Things ©2012   www.limbsandthings.com    )       
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teaching a laparoscopic pyloromyotomy has been demon-
strated to have face and content validity  [  32  ] . Urologists 
report the use of boar urinary tract mounted in an acrylic 
frame  [  33  ] . Emergency physicians at Evanston Northwestern 
Healthcare developed a homemade simulated sheep trachea 
holder with a skin layer that bleeds to improve their cricothy-
rotomy training as well as adapted on older airway trainer to 
simulate epistaxis  [  34  ] . Emergency physicians at the 
University of Alabama at Birmingham have developed an 
ultrasound-friendly model to measure intraocular pressure. 
Other emergency physicians have developed a PTT for peri-
cardiocentesis which can be constructed in a home kitchen 
 [  35  ] . Models to teach inguinal anatomy and exploration of 
common bile duct anatomy are also available in part-task, 
low- fi delity formats. 

 The widespread use and value of part-task-trainers can-
not be underestimated. However, their ultimate impact on 
patient care is likely to be magni fi ed when their ability to 
simulate psychomotor skills can be placed in a critical think-
ing environment  [  36  ] . Unlike many of the full-mannequin 
simulators which allow for inputs by programmers and 

interaction or physiologic variability, part-task trainers are 
primarily designed to be used in a static environment. 
Improvements in these devices have generally been the 
development of virtual environments. However, an impor-
tant trend is the combination of part-task trainers with either 
standardized patients (live actors) or full-mannequin simu-
lators to allow for task completion in a more fully immer-
sive environment  [  14,   37  ] .  

   Conclusion 

 Mannequin-based simulators have become common 
place in the education of healthcare providers either as full-
body high- fi delity simulators or part-task trainers. High-
 fi delity mannequin-based simulators are computer-controlled 
manufacturer-speci fi c platform that may be model-driven 
(autonomous), operator-driven, or a combination of each. The 
variety of features currently available allows for realistic 
interaction and intervention and typically includes some level 
of automation using a variety of sensors. As technology con-
tinues to advance, the hope is that future models will include 
an even more expanded list of features. The ability of man-
nequins to move purposefully will greatly enhance the  fi delity 
of simulation scenarios. In addition, though some manne-
quins can produce sounds that mimic cough and regurgita-
tion, physical cough and regurgitation are also desirable. New 
technology will likely enhance the ability of mannequin skin 
to better mimic conditions such as cyanosis, rashes, hives, 
diaphoresis, and the ability to change temperature. The ability 
of mannequins to interface with more advanced monitoring 
modalities (e.g., electroencephalography, bispectral index) 
will also greatly enhance the simulated  experience as well. 
Many of these desirable features are already available as 
homemade or third-party add-ons but will hopefully become 
integrated into future mannequin offerings.      
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   Introduction 

 Traditional, ineffective forms of passive education are crum-
bling under the demands of learners who have grown up 
digital  [  1  ] . Today’s learners use technology to communicate, 
to play, and to learn. In 2000, Charles Friedman wrote that 
medical education was “stuck in time” but predicted a para-
digm shift in pedagogy enabled by new technologies  [  2  ] . 
Although technology-enabled education has been growing in 
popularity, the pedagogy behind online “lectures” remains 
the same. Passive lecture-based education is known to be 
ineffective in changing behaviors  [  3  ] . What is needed are 
interactive forms of online education that take full advantage 
of modern technology and are better aligned with modern 
learning theory. 

 Over the last decade, we have been witness to an explosive 
growth in the use of simulation in healthcare. As Gaba points 
out, “simulation is a technique, not technology”  [  4  ] . However, 
many of the tools we use in simulation are technology depen-
dent, and computer capabilities are expanding rapidly. 
Moore’s Law—the law that states computing power doubles 
every 18 months—shows no signs of slowing  [  5  ] . With 
improvement in computer and communication technology, 
we can expect incredible advances in learning technology. 

 Virtual reality (VR) is “a term that applies to computer-
simulated environments that can replicate physical presence 
in places in the real world, as well as in imaginary worlds.” 
Those familiar with early phases of virtual reality often con-
jure up images of head-mounted displays and data suits, but 
more recently virtual reality can also be used to describe 
highly visual, 3D environments developed with commercial 
game technology such as the UnReal Engine from Epic 
Games. 

 Today’s video game players socialize, collaborate, and 
relax in shared virtual environments (VEs). As the tech-
nology behind video games improves, there has been a 
growing interest in using the technology for purposes 
beyond entertainment, the so-called serious games  [  6  ] . 
What constitutes a “game” versus a simulation is an ongo-
ing debate, well beyond the scope of this chapter. We will 
take a high-level approach using the term games-based 
learning (GBL) to denote learning activities built upon 
video game technology. Whether the end product is a 
“game” or a simulation is immaterial, both are a means to 
the end—producing competent healthcare workers, able to 
care for patients safely and effectively in a rapidly chang-
ing environment. 

 This chapter focuses on simulation capabilities enabled 
by rapidly advancing computer and gaming technologies: 
virtual reality, haptics, and virtual environments. We will 
 fi rst consider procedural-based simulators and then turn our 
attention to virtual environments. The domains of proce-
dural-based simulation and virtual environments are on a 
technological collision course. The end result will be new 
learning paradigms that empower a revolution in healthcare 
learning and assessment.  

   Virtual Reality and Haptic Simulators 

 With the creation of resident work hour limitations and sub-
sequent decrease in operative training coupled with increased 
focus on patient safety and medicolegal concerns, surgical 

      Virtual Reality, Haptic Simulators, 
and Virtual Environments       

       Ryan   Owens        and    Jeffrey   M.   Taekman                   

   A good hockey player plays where the puck is. A great hockey player plays where the puck will be.
—Wayne Gretzky   

  16

      R.   Owens ,  MD   (*)
     Department of Neurological Surgery , 
 Duke University Medical Center ,
  615 Morningside Dr ,  Durham ,  NC   28036 ,  USA    
e-mail:  ryan.owens@duke.edu  

     J.  M.   Taekman ,  MD  
     Department of Anesthesiology ,  Duke University 
School of Medicine ,   Durham ,  NC ,  USA  

   Department of Anesthesiology , 
 Human Simulation and Patient Safety Center, 
Duke University Medical Center ,
  100 Trent Drive ,  Box 3094 ,  Durham ,  NC   27710 ,  USA    
e-mail:  jeffrey.taekman@duke.edu   



234 R. Owens and J.M. Taekman

education via the traditional Halsteadian route of teaching 
on live patients is becoming increasingly dif fi cult. 
Currently, cadaveric dissection is the gold standard for 
such technical training. However, this is expensive, 
increases risk of disease transmission to the trainee, and 
cannot suf fi ciently replicate pathology the surgeon or pro-
ceduralist will see intraoperatively during practice—what 
you see is what you get. Models are another method of 
surgical training being used. However, most models such 
as saw bones are cumbersome and unrealistic and again 
fail to replicate pathology the surgeons might see in the 
operating room. Many disciplines (as evidenced by the 
depth and breadth of this book’s content)—including gen-
eral surgery, urology, otolaryngology and gynecology gas-
troenterology, and pulmonology—are turning to virtual 
reality haptic simulators to enhance surgical and procedural 
training away from the actual clinical environment as a 
solution to the aforementioned obstacles to training 
(Fig.  16.1 ).  

 These devices in general process a physical interface 
(e.g., laparoscopic instrument, laparoscopic camera, bron-
choscope, or colonoscopes) that replicates the actual 
devices used in clinical practice, with respect to feel, heft, 
and controllers. The operator interacts with the virtual, 
computer-generated clinical environment (abdomen, tra-
cheobronchial tree, colon) by engaging the physical device 
into a “mannequin”. Moving the device (advancing, with-
drawing, turning left and right) produces accurate move-
ment in the virtual environment. The positioning of the 
physical device in the virtual environment produces images 
on the display, optional force feedback (i.e., haptics, see 
below) and tissue deformity (movement, bleeding, or pro-
cedural success). Many of these devices have additional 
ports where other instruments can be deployed into the 
 virtual environment to replicate interventions (cutting, nee-

dling, suturing, irrigation, or lavage). Several even possess 
performance matrices (procedure time, motion economy, 
structures visualized) and standardized feedback can be 
generated and followed over time and used to compare 
individual performance or to compare individuals to one 
another. Figure  16.2  demonstrates a typical surgical virtual 
reality simulator.  

 Haptic feedback is de fi ned as the combination of sen-
sory input through the tactile receptors in the skin and the 
kinesthetic receptors in the muscles, tendons, and joints  [  7, 
  8  ] . Haptic surgical simulators have been created, most nota-
bly in laparoscopic surgery, but can now be found in non-
laparoscopic surgical subspecialties such as ear, nose, and 
throat, orthopedic, and neurological surgery. Surgical sim-
ulators in each area are reviewed below as well as pertinent 
studies evaluating the effectiveness of haptic feedback in 
enhancing surgical training.  

  Fig. 16.1    Participants using virtual reality haptic simulators in a con-
ference setting       

  Fig. 16.2    LAP Mentor ™  Express is a non-haptic laparoscopic training 
system provided at a lower cost. Available in either portable or optional 
tower including touch screen settings       
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   Laparoscopic Surgical Simulators 

   General Surgery 

 The need for simulation in general surgery arose mostly for 
the introduction and popularization of laparoscopic surgery 
in the 1980s. Despite the small incisions and proposed “min-
imal access,” it became quite clear it carried a higher compli-
cation rate and a steep learning curve for surgeons trying to 
adapt to this new technology  [  9  ] . Upon further investiga-
tions, it was found these de fi ciencies stemmed from psycho-
motor challenges related to the new cumbersome interaction 
with the videoscopic interface. Thus, a number of laparo-
scopic simulators were developed including but not limited 
to GI Mentor, ProMIS, LapSim Simulator, MIST-VR, and 
XiTact SA. 

 Within the last decade, the American College of Surgeons 
Residency Review Committee has mandated that all pro-
grams institute a skills laboratory curriculum with laparo-
scopic box trainers and virtual reality simulators as minimally 
acceptable equipment  [  8  ] . Haptic feedback distinguishes the 
box trainer from many of the virtual reality-based systems. 
However, more commonly, efforts are being made to equip 
the virtual reality simulators with adequate haptic feedback 
as exempli fi ed by Procedicus, MIST, Lapsim, Reachin, and 
Virtual Endoscopic Surgery Trainer to create a more realistic 
feel to the virtual reality simulator. 

 The development and validation of a comprehensive fun-
damentals of laparoscopic surgery (FLS) was described by 
Peters et al.  [  10  ] . In this chapter, the importance of testing 
technical skills in laparoscopy was emphasized as a dis-
tinctly separate skill set that must be obtained by the practic-
ing physician, and learning these skills can be accomplished 
outside of the operating theater  [  10  ] . The  fi ve tasks designed 
for evaluation are as follows: peg transfer, pattern cutting, 
ligating loop, suturing with an intracorporeal knot, and 
suturing with an extracorporeal knot. Figure  16.3a–g  dem-
onstrates the Simbionix Lap Mentor including the device 
(Fig.  16.3a ), the instruments (Fig.  16.3b ) and the screenshot 
portraying classic laparoscopic skills like peg transfers 
(Fig.  16.3c ), and suturing (Fig.  16.3e ). Completion is 
required for all trainees as of 2010 in order to sit for the 
American Board of Surgery exams.  

 Box trainers are used by several programs to enhance 
 laparoscopic skills. Typically, these simulators use actual 
laparoscopic equipment including laparoscope, camera, light 
source, trocars, and authentic laparoscopic instruments. The 
instruments are placed into the training area via an opaque 
covering. The simulators usually require an experienced 
mentor and the trainee is evaluated on time to completion 
and number of errors. Studies show both improvement in 
laparoscopic skills and improved performance in the operative 

theater  [  11  ] . Although these simulators allow for haptic feed-
back while using authentic laparoscopic tools, the simulators 
lack the ability to simulate the actual surgery and are limited 
to fundamental skills. 

 Virtual reality simulators have risen in popularity second-
ary to success demonstrated in the aviation community and 
the demand for higher  fi delity simulators capable of more 
than just simple task-oriented simulation. These simulators 
entail a virtual environment on a computer screen with three-
dimensional graphics taken from actual MRI or CT scans. 
Instruments are created virtually that track the trainee’s 
movement and updated in real time. Haptic feedback is 
included in the higher end simulators but with an increased 
cost and represents varying levels of realism. 

 Seymour et al.  [  9  ]  validated the use of virtual reality in 
improving operating room performance. Sixteen surgical 
residents at various levels of training were randomized into 
virtual reality trained group or a non-virtual reality trained 
group. The virtual reality group was trained on a MIST-VR 
laparoscopic trainer without haptic feedback. The results of 
the study showed that residents without virtual reality lap-
aroscopic simulator training were nine times more likely to 
transiently fail in making progress,  fi ve times more likely to 
injure the gallbladder or burn nontarget tissue, and overall 
were six times more likely to commit errors. 

 The importance of haptic feedback in these simulators has 
been a subject of interest for some time. Panait et al.  [  8  ]  
examined the role of haptic feedback in laparoscopic simula-
tion training by evaluating performance of medical students 
on two FLS tasks, peg transfer, and pattern cutting, on lap-
aroscopic simulators with and without haptic feedback. In 
the simpler peg transfer, the study shows haptic feedback has 
no effect on performance; however, faster completion and a 
trend toward fewer errors were seen in the more complex 
pattern cutting task. The study concluded haptic feedback 
allows superior precision in more advanced surgical tasks. 

 In order to truly validate the importance of haptic feed-
back in laparoscopic simulators, it must be shown to enhance 
training when simulating actual surgical tasks. One study 
that examined this notion compared traditional box simula-
tors with haptic feedback versus a VR laparoscopic simula-
tor without haptic feedback. The study found participants 
signi fi cantly prefer haptic feedback when simulating an 
actual complex laparoscopic task  [  7  ] . Again, this study reit-
erates the  fi nding that haptic feedback is preferred when 
simulating complex surgical tasks. 

 Alternatively, haptic feedback does not universally prove 
to be advantageous in the literature. Salkini et al.  [  12  ]  inves-
tigate the role of haptic feedback on the Simbionix LapMentor 
II while performing three laparoscopic tasks in novice medi-
cal students. Similar to previous studies, the students were 
split into a haptic and a non-haptic group and asked to perform 
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  Fig. 16.3    ( a – g ) Device, instruments, and screenshots of the Lap Mentor (Photo courtesy of Simbionix)         
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these tasks. No differences were noted between in speed, 
accuracy, or economy of movement between the two groups 
 [  12  ] . However, it should be noted that one of the tasks was 
clipping a tubular structure which was initially eliminated 
from FLS secondary to having no discriminatory value  [  10  ] . 
Overall, general surgery has been a pioneer in the creation 
and integration of haptic surgical simulation into the curricu-
lum of surgical trainees.  

   Thoracic Surgery 

 Haptic simulators have also found a place in the training of 
thoracic surgeons. Solomon et al.  [  13  ]  have reported the devel-
opment of a haptic enable virtual reality cognitive simulator for 
video-assisted thoracoscopic lobectomy (VATS). The simula-
tor was created through adaptation of anatomy explorer models 
and a previously developed simulation engine. Cognitively, this 
simulator allows for 13 anatomic identi fi cations and 20 high 
yield lung cancer learning points. The procedural components 
to the simulator allow for placement of trocars, manipulation of 
the thoracoscope for exploration of the pertinent anatomy, sta-
pling, and haptic-enabled gross dissection of the lung tissue to 
expose underlying hilar structures  [  13  ] . 

 Unfortunately, the simulator does not allow haptic feed-
back for  fi ne motor tasks such as dissecting around the hilar 
vessels, and validation for this interface is ongoing. 
Additionally, the signi fi cance of the gross haptic feedback 

currently enabled in the current system has not been evalu-
ated in regard to impact subsequent improvement in the 
operative theater. Nonetheless, this project represents the 
progression of haptic simulators to simulate actual proce-
dures as opposed to fundamental training tasks in yet another 
subspecialty of surgery.  

   Gynecological Surgery 

 The use of laparoscopic simulators in gynecological surgery 
was recently detailed  [  11  ] . Training systems using virtual 
reality for laparoscopic bilateral tubal ligation, hysteroscopic 
resection of myoma, endometrial ablation, and removal of a 
tubal ectopic pregnancy have all been described. However, 
these are at various stages of development and validation. The 
use of haptic feedback in these simulators is currently unclear. 
Figure  16.4a–d  shows gynecological surgery simulators in 
use, including the DaVinci robot simulation (Fig.  16.4d ).    

   Non-laparoscopic Surgical Simulators 

   Otolaryngology 

 Haptic simulators have also been created for the  fi eld of oto-
laryngology in order to train residents in endonasal tech-
niques as well as temporal bone dissection. Tolsdorff et al.  [  14  ]  

g
Fig. 16.3 (continued)
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reported a new virtual reality paranasal sinus surgery simula-
tor. The simulator is a standard PC-based program with hap-
tic feedback that presents a highly realistic environment to 
learn surgical anatomy and navigation in a complex anatomi-
cal space. Further studies are needed on this simulator to 
validate its usefulness in improving operative performance in 
residents  [  14  ] . Another endonasal simulator, the Endoscopic 
Sinus Surgical Simulator, has been studied and shown to 
have a positive effect on early operative performance of 
trainees  [  15  ] . 

 Temporal bone dissection is another area of otolaryngol-
ogy that has a haptic enable VR simulator currently studied 
for its use in self-directed learning. The CSIRO/University 
of Melbourne system is run on a standard desktop PC and 

utilizes a 3D model that the user interacts with through shut-
ter glasses and haptic devices. This particular system was 
studied as a part of a randomized blinded control trial evalu-
ating the role of this simulator in self-directed learning  [  16  ] . 
Two groups of medical students were randomly divided. 
One group received training via temporal bone models and 
video, whereas the other group underwent training on the 
VR simulator using self-directed curriculum. Afterward, 
both groups were given 1 h to complete a temporal bone dis-
section which was subsequently graded. Results indicated 
that the VR group showed better performance on all four 
outcome measures recorded in the study. Studies showing 
improved operative performance have yet to be performed 
with this model.  

  Fig. 16.4    ( a – d ) Gynecological 
surgery VR simulation 
(VirtaMed HystSim ™ ) (Photo 
courtesy of Simbionix)         

a

b
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c

d

Fig. 16.4 (continued)

   Orthopedics 

 Simulators have been introduced into orthopedic surgical 
training in the form of knee and shoulder arthroscopic simu-
lators. A systematic review of knee and shoulder arthroscopy 
was performed evaluating  fi ve studies that investigated knee 
arthroscopy and four studies for shoulder arthroscopy  [  17  ] . 
These studies were all found to have high levels of internal 
validity and consistency for computer simulation. In the nine 
studies evaluated, one study investigated the transfer of knee 

arthroscopic skills from the simulator to the operative theater 
 [  18  ] . Twenty junior orthopedic trainees were randomized to 
two groups with one group trained on the simulator with 
expert supervision while the other group observed diagnostic 
arthroscopy in the operative theater. Afterward, the partici-
pants were graded in the operative theater based on global 
assessment scale as well at the Orthopedic Competence 
Assessment Project score. Results show the simulator group 
outperformed the non-simulator trained group on both, con-
cluding that these skills do in fact translate to performance in 
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the operative theater. The role of haptic feedback was not 
evaluated in these studies. Figure  16.5a–c  shows an orthope-
dic VR simulator, including the device, the hand controls, 
and a screenshot.   

   Neurological Surgery 

 VR simulators in neurological surgery have been created for 
the areas of cranial skull base surgery, neuro-oncology, ven-
triculostomy placement, and placement of spinal hardware. In 
skull base surgery, Dextroscope was created initially as a tool 
to create patient-speci fi c volumetric models that can be 
manipulated in 3D space with the use of handheld controllers. 
The Dextroscope was originally designed to assist in opera-
tive planning and to evaluate 3D anatomy prior to operative 
intervention  [  19–  21  ] . Wong et al.  [  22  ]  created a procedural 
application for this model that allowed clipping of intracra-
nial aneurysms  [  22  ] . To our knowledge, there are no current 

studies that have looked at enhancement of trainee perfor-
mance on this simulator. Another simulator that is increasing 
in popularity in neurological surgery is the ImmersiveTouch. 
This system improves on the concept of Dextroscope by the 
addition of electromagnetic head-tracking goggles that allows 
a user-centered stereoscopic perspective and the addition of 
haptic feedback  [  23  ] . Using this simulator, trainees can per-
form a virtual ventriculostomy. In addition to this module, 
ImmersiveTouch also has a spine module that recreates the 
placement of pedicle screws for spinal  fi xation. Studies are 
currently ongoing regarding the transfer of these skills to the 
operative theater  [  21  ] . 

 More recently, a haptic-enabled VR simulator has been 
created called NeuroTouch. The main components are a ste-
reo vision system and bimanual haptic tool manipulators. 
The simulation software engine runs three processes for 
computing graphics, haptic feedback, and mechanics  [  24  ] . 
The goals of this training system are to safely remove the 
tumor without damaging normal tissue with an ultrasonic 

b

c

a

  Fig. 16.5    ( a – c ) Arthro Mentor (Photo courtesy of Simbionix)       
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aspirator and to maintain hemostasis using bipolar cautery. 
The prototypes are currently being dispersed throughout 
training programs in Canada for beta testing and validation. 

 Procedural-based simulation is advancing rapidly and is 
on a collision course to intersect with other forms of simula-
tion and visualization enabled by the rapid advancement of 
technology.   

   Nonsurgical Procedural Simulators 

   Endovascular Simulators 

 Endovascular interventions are another area of medicine 
where simulation has been utilized. Much of this discipline 
is becoming more minimally invasive with the creation of 
endovascular technologies. As we have seen in laparoscopic 
surgery, these minimally invasive techniques can possess a 
steep learning curve due to decreased tactile feedback and 
working in a 2D environment. Currently, several high- fi delity 
endovascular simulators are commercially available includ-
ing Procedicus VIST, Angio Mentor, and Sim Suite. These 
simulators offer haptic, visual, and aural interfaces in order 
to create a lifelike environment to perform the procedures. In 
particular, coronary artery stenting and peripheral angio-
plasty are simulated and appear to be the most studied. 

 Three studies performed using Procedicus VIST simula-
tor show simulator use improves procedure time, contrast 
volume used, and  fl uoroscopy time  [  25–  27  ] . Furthermore, 
the simulators were shown to have good construct validity 
given the ability to consistently distinguish novice from 
expert as well as show signi fi cant improvement with practice 
in novice users. In peripheral artery angioplasty, similar 
results were found in similar studies  [  28,   29  ] . However, 
Chaer et al. went one step further and performed the  fi rst ran-
domized trial to show translation of endovascular simulation 
skills to the clinical environment  [  30  ] . The study concluded 
residents trained on the simulator scored higher on a global 
rating scale for performance than those without training. 
Thus, it is likely simulation training in vascular surgery will 
become increasingly integrated into resident training. 
Figure  16.6  shows VR endovascular simulators in use.   

   Bronchoscopy 

 Bronchoscopy is performed by anesthesiologist, cardiotho-
racic and trauma surgeons, critical care physicians, and oto-
laryngologists. Training on these procedures varies across 
disciplines and institutions. Pro fi ciency is currently based on 
a minimum number of procedures to perform at many facili-
ties.    Several virtual reality high- fi delity simulators, including 

Accutouch bronchoscopy simulator (CAE) (Fig.  16.7 ) and 
GI Bronch Mentor (Simbionix) (Fig.  16.7a, b ), are currently 
available commercially. Several studies have documented 
improvement of skills with these simulators; for example, 
participants trained on the simulator are less likely to experi-
ence wall contact, red out, and complete the procedure more 
ef fi ciently  [  31  ] .   

   Endoscopy 

 Gastroenterologist also utilizes virtual reality simulators in 
order to train for endoscopic procedures. The bronchoscopy 
simulators mentioned above also possess endoscopy capa-
bilities. There are two simulators currently on the market for 
use, Accutouch from CAE and GI Bronch Mentor. Both are 
virtual reality simulators equipped with haptic feedback 
(Figs.  16.7 ,  16.8a–c , and  16.9 ).  

 Multiple types of endoscopes are available depending on 
the procedure being simulated; both upper and lower GI 
endoscopy can be replicated. These simulators also involve 
upper and lower endoscopic procedures and are complete 
with haptic feedback. Comprehensive metrics are also 
included with these model  [  32  ] . Although studies have 
shown the GI Bronch Mentor to have good construct validity 
and improve skills when tested on a simulator, there are no 

  Fig. 16.6    VR endovascular simulation (Photo courtesy of CAE 
Healthcare  ©  2012 CAE Healthcare)       
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  Fig. 16.8    ( a – c ) Use of the GI Bronch Mentor (Photo courtesy of 
Simbionix)         

a

a b  Fig. 16.7    ( a ,  b ) Accutouch 
endoscopy simulator (Photo 
courtesy of CAE Healthcare  ©  

2012 CAE Healthcare)       
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c

b

Fig. 16.8 (continued)
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studies that describe transfer of these skills to a clinical 
environment.    

   Virtual Platforms and Environments 

 Technological advancement is accelerating and so too are 
changes in healthcare. The purpose of healthcare education 
is to train workers who can competently care for their patients 
today while building a foundation for lifelong learning. 

 The need for lifelong learning in healthcare’s rapidly 
changing environment prompted the American Board of 
Medical Specialties (ABMS) and its 24 member boards in 
2000, to promote Maintenance of Certi fi cation (MOC) to 
“evolve recerti fi cation programs towards continuous profes-
sional development”  [  33  ] . Continuous professional develop-
ment requires objective proof that the workers’ practice is 
improving. These demands are forcing a shift in healthcare 
pedagogy toward interactive forms of learning formats capa-
ble of changing behavior. 

 Although the system targets competence for its work-
force, many of us aspire to become experts in our  fi eld. 
According to Ericsson et al., the development of expertise 
requires 10,000 h of deliberate practice  [  34  ] . Deliberate 
practice is  not  time spent in patient care; instead, it requires 
time rehearsing, practicing, and re fl ecting on one’s actions—
striving to improve with each and every repetition. 

 Deliberate practice is hard work, requiring motivation, 
endurance, and a grasp of domain-speci fi c nuances of behavior. 
Unlike other domains where deliberate practice has been 
studied (e.g., music, chess playing), healthcare professionals 
cannot easily or ethically “practice” with live patients  [  35  ] . 
Through various forms of simulation, healthcare workers 
now have tools to aid in their pursuit of expertise. 

 Unfortunately, today’s physical simulators, because of 
their high cost, limitations on learner throughput, and need 
for highly trained facilitators, offer limited opportunities for 
deliberate practice—there simply are not enough simulators 
or facilitators to handle the sheer number of hours required. 

 What is needed is a robust, scalable, easily accessible, 
personal, interactive learning platform that enables learners 
to practice new skills, make mistakes, receive immediate 
feedback, and re fl ect on how they might improve—a scal-
able platform for deliberate practice. What is needed is the 
Ultimate Learning Platform. 

   The Ultimate Learning Platform 

 What might this Ultimate Learning Platform look like? In 
science we are often taught to visualize the end product  fi rst 
(e.g., a table or  fi gure) and design our experiment backward 
from there. If we use the same approach for healthcare learn-
ing, the Ultimate Learning Platform would have the follow-
ing features (Table  16.1 ).  

  Fig. 16.9    A screenshot of the 
colonoscopy module from 
the Accutouch endoscopy 
simulator (Photo courtesy 
of CAE Healthcare  ©  2012 CAE 
Healthcare)       
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   Table 16.1    Features of the Ultimate Learning Platform: a comparison of mannequin-based learning (MBL), procedural simulation (procedural), 
single-player games-based learning (GBL single), and multiplayer games-based learning (GBL multi)   

 Features of the Ultimate Learning Platform  MBL  Procedural  GBL (single)  GBL (multi) 

 Interactive  ×  ×  ×  × 
 Participate individually  ×  × 
 Participate in teams  ×  × 
 Peer instruction  ×  ×  × 
 Engages multiple senses  ×  ×  ×  × 
 Sense of touch  ×  × 
 Offers immediate feedback  ×  ×  ×  × 
 Opportunity for re fl ection  ×  ×  ×  × 
 Self-paced re fl ection  ×  × 
 Chaining  ×  ×  × 
 Individual remediation  ×  × 
 Inexpensive to build 
 Inexpensive to maintain  ×  × 
 Accessible 24/7/365  ×  × 
 Accessible from anywhere  ×  × 
 Mobile delivery  ×  × 
 Learning at the point of care  ×  ×  × 
 On-demand/just-in-time delivery  × 
 Self-directed  ×  × 
 Facilitator independent  ×  ×  × 
 Self-paced learning  ×  × 
 Scalable  ×  × 
 Distributable  ×  × 
 Personalized  × 
 Adaptive  ×  × 
 Adjustable levels of  fi delity  ×  × 
 Back-end analytics  ×  ×  × 
 Automated assessment  ×  ×  × 
 Expandable content  ×  ×  × 
 Extensible platform  ×  × 
 Reusable assets  ×  ×  ×  × 
 Augment reality  ×  ×  × 
 Manipulate time  ×  ×  ×  × 
 Standardize experience  ×  ×  × 
 Learners remain anonymous  ×  ×  × 

 •           Interactive—Interactivity is a key element in engage-
ment and information retention. It is also a key to 
changing learner behaviors  [  36  ] . Unlike current pas-
sive learning (e.g., lectures), the Ultimate Learning 
Platform would offer a high level of interactivity as 
well as immediate feedback to the learner.  
  Participate individually or in teams (especially inter-• 
professional teams)—Healthcare is delivered in teams. 
There is a national push for interprofessional educa-
tion with physicians, nurses, and other health profes-
sionals learning side by side. The Ultimate Learning 
Platform would provide profession-speci fi c topics for 

learners to master individually. Once competence is 
reached, the learner would participate in a “capstone” 
exercise with learners from other professions—apply-
ing their new knowledge in a realistic interprofessional 
exercise.  
  Social—Peer instruction enhances learning and is far • 
more effective than traditional, passive forms of edu-
cation  [  37,   38  ] . The Ultimate Learning Platform not 
only would enable learners to interact with one another 
at a distance but also would offer learning exercises 
designed to encourage peer-to-peer interaction. Using 
data fed to a central learning management system, 
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groups could be automatically (or manually) matched 
based on performance or other criteria (e.g., disparate 
learning styles) to optimize group dynamics.  
  Engage multiple senses—The more senses engaged in • 
the learning process, the stronger the imprint in our 
memory. Uni-sensory (reading) or dual-sensory (lec-
tures) learning experiences do not engage multisensory 
pathways and, thus, likely result in a suboptimal learn-
ing  [  39  ] . The Ultimate Learning Platform would engage 
multiple senses throughout the learning process.  
  Offers immediate feedback—Immediate feedback, • 
with time for re fl ection, is crucial for learning, mas-
tery, and engagement  [  40  ] . The Ultimate Learning 
Platform would offer immediate and constant feedback 
to the learner at every phase of the learning process.  
  Allows time for re fl ection—Individual re fl ection fol-• 
lowing feedback is critical in the learning process. 
Experience, feedback, re fl ection, and repetition are the 
cycle required for mastery. The Ultimate Learning 
Platform would allow adequate time for re fl ection/
deliberate practice.  
  Builds on and reinforces previously learned concepts—• 
When learning complex tasks, the most powerful 
learning exercises offer small, incremental doses of 
experience that build upon one another. Complex tasks 
should be broken down to key components, each com-
ponent sequentially practiced until mastery is achieved. 
This approach, known as “concurrent chaining,” is a 
more ef fi cient and effective method of learning com-
plex tasks than an attempting to master an entire com-
plex behavior at once  [  41  ] . The Ultimate Learning 
Platform would have a library of complex tasks for the 
learner to master, one step at a time.  
  Allows remediation—Despite numerous barriers, indi-• 
viduals, hospitals, and health systems all learn through 
failure  [  42  ] . When a failure occurs, the learner must re fl ect 
and then try alternative pathways to the desired goal. The 
Ultimate Learning Platform would offer frequent feed-
back and remediation should the learner not perform a 
task adequately, allowing them to learn from their failure 
and repeat the exercise until success is achieved.  
  Inexpensive—Lecture-based education has endured • 
for so long partly due to its relatively low cost when 
compared to other educational methods. Interactive 
methods such as mannequin-based learning (MBL) or 
problem-based learning, because of their small learner-
to-facilitator ratios, are more labor intensive and thus 
costly. The Ultimate Learning Platform would be inex-
pensive—offering interactivity while minimizing the 
need for numerous (expensive) trained facilitators. 
Further savings would be realized through the reuse of 

objects (e.g., art work, animations) that could be reused 
ad in fi nitum.  
  Accessible 24/7/365, from anywhere—Today’s learn-• 
ers have grown up with the world of information at 
their  fi ngertips  [  43  ] . Learners want access to education 
where ever they may be—at the hospital, at home, or 
while commuting. The Ultimate Learning Platform 
would be accessible 24 h a day, 7 days a week, and 365 
days a year through a variety of platforms (e.g., com-
puters, iPad, or Smart Phones).  
  Mobile delivery inside and outside of the hospital—• 
Healthcare workers are highly mobile. In a single day 
a physician may work in numerous disparate locations. 
The Ultimate Learning Platform would be available at 
all times on a variety of devices, regardless of the 
user’s location.  
  Just-in-time delivery—Learning is enhanced when • 
new information can be applied immediately  [  3  ] . The 
Ultimate Learning Platform would contain a broad 
range of material, allowing the learner to experience 
disease states, procedures, pieces of equipment, or 
other critical events just prior to needing the informa-
tion for patient care.  
  Self-directed—Lifelong learning requires a balance • 
between mastering new information, staying current in 
the areas you are passionate about, and  fi lling educa-
tional gaps. Every learner is unique in their learning 
pace, style, interests, and needs. The Ultimate Learning 
Platform would accommodate for these differences, 
offering a balance between what the learner needs and 
what they desire.  
  Self-paced—Most interactive healthcare education • 
occurs in groups, giving each individual little control 
over the pace of their learning. Within groups, it is 
likely some members master information more quickly 
than others, leading to learning disparities between 
group members. The Ultimate Learning Platform 
would allow learners to master core concepts at their 
own pace. Only after mastering core concepts would 
group activities be opened to the individual. Should 
they need more time to master a group concept, the 
platform would search for and recommend supplemen-
tal learning experiences.  
  Scalable/distributable—Current methods of interac-• 
tive learning do not scale well to large learning com-
munities (e.g., team training for an entire health 
system). The Ultimate Learning Platform would be 
able to scale to accommodate the learning needs of an 
individual, a small group, or multiple hospitals.  
  Personalized—Every learner is different. Each has • 
their own learning strengths, weaknesses, and style. 
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 Video game technology, built speci fi cally for education, 
could meet many of the criteria of the Ultimate Learning 
Platform (see Table  16.2 ).      

   Platforms 

 When building GBL, there are two alternatives. Develop 
the games in-house or contract with a vendor. At the time 
this was written, there are four major vendors focused on 
healthcare VEs: Clinispace, SAIC, Breakaway Games, and 
Virtual Heroes. Several universities also have site-based 
game development studios (e.g., University of Texas, Dallas). 
The technology behind VEs (and marketplace) is evolving 

quickly. For an overview of the vendors and their projects, 
see Table  16.2 .   

   Emerging Trends That Will In fl uence the Future 
of Learning 

 As mentioned, the Ultimate Learning Platform does not yet 
exist. There are, however, several converging trends that lead 
us to believe video game technology will ultimately ful fi ll the 
need. These trends include: (1) the convergence of increas-
ingly powerful computers and communication technologies, 
(2) the increase in popularity of online education, (3) the 
increasing use of simulation, and (4) push for “big data.” 

The Ultimate Learning Platform would personalize 
education playing on the individual’s strengths and 
minimizing or augmenting their weaknesses.  
  Adaptive—Different learners master concepts at dif-• 
ferent speeds. It may take one learner a week to master 
concept that another grasps the same material within 
minutes. The Ultimate Learning Platform would adapt 
to these differences and offer level-appropriate learn-
ing content to the end user.  
  Adjustable levels of  fi delity—Maran and Glavin sug-• 
gested that  fi delity has two dimensions: psychological 
(does the task match the behaviors needed to be accom-
plished in the real world) and engineering (does the simu-
lation “look” real)  [  44  ] . Although a great deal of emphasis 
has been placed on engineering  fi delity in healthcare sim-
ulation (adding signi fi cantly to cost), psychological 
 fi delity is much more important when learning  [  45  ] . The 
Ultimate Learning Platform would allow adjustable lev-
els of psychological and engineering  fi delity appropriate 
to the learner and the learner’s task at hand.  
  Back-end analytics—The speed and power of comput-• 
ers and communication networks continues to grow. 

We now have the opportunity to aggregate and analyze 
huge repositories of data. The Ultimate Learning 
Platform would collect learning information and feed 
it into a data warehouse. The aggregated data, when 
analyzed, could enable a revolution in healthcare learn-
ing. Through analyzing large information sets, we 
would have objective data to guide the development of 
more ef fi cient and ef fi cacious methods of mastery 
learning.  
  Expandable and extensible—The equipment, process, • 
and procedures in healthcare change rapidly. The 
Ultimate Learning Platform should be expandable and 
extensible to meet these needs—new modules and fea-
tures added individually over time, expanding the over-
all breadth of content and capabilities of the system.  
  Reusable—Elements within a learning platform should • 
be reusable. For instance, a piece of equipment, avatar, 
or animation needs to be modeled once. It can then be 
reused in fi nitely in thousands of new modules with 
little additional incremental cost. Although the cost of 
the Ultimate Learning Platform is high initially, the 
cost falls substantially over time.    

   Table 16.2    Major developers of virtual environments in healthcare   

 Virtual Heroes  SAIC  Breakaway Games  Clinispace 

 Location  North Carolina  Virginia  Maryland  California 
 Industry  Defense contractor  Defense contractor  Defense contractor  Education 
 Core game engine  Unreal/HumanSim  Unity/Olive 3D  Unity/Pulse!  Unity 
 Physiology  Engine (Body.dll)  Engine (HumMod)  No  Table based 
 Sample Projects  Zero Hour  Dental Implant Training  BattleCare 

 HumanSim preview  Pulse! 
 Moonbase Alpha 
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   Convergence of Computers and Communication 
Technologies 

 The last decade has seen incredible growth of computer and 
networking power. These improvements have led to massive 
innovations in the capabilities of commercial game technol-
ogy. With these changes, video games have moved from 
being an independent activity to highly collaborative, inter-
active, and engaging form of entertainment. 

 The lessons learned from video games, including fostering 
engagement, stoking motivation, and improving cognition, 
hold the promise of revolutionizing education. We can now 
build the next generation of interactive learning and assess-
ment technologies—enabling an understanding of learning 
that heretofore has been unimaginable.  

   Rise of Online Education 

 Over the past decade, largely due to the increased power of 
computers and networking, there has been a massive shift 
toward online education. In 2010, 31 percent of higher 
education students took at least one course online  [  46  ] . 
Unfortunately, “online education” today still leaves much 
to be desired, relying heavily on passive, lecture-based 
material. Recently, in healthcare, there has been a call for 
a change in pedagogy, using technology to “ fl ip” the class-
room  [  47  ] . 

 Our future vision of healthcare education includes an evi-
dence-based, technology-enabled pedagogy that relies heav-
ily on self-directed and peer-to-peer interactive learning. 
Resource intensive methods of teaching (e.g., MBL) will not 
be eliminated but instead will be reserved for capstone exer-
cises or times when GBL lacks the proper capabilities (e.g., 
bag-mask ventilation when learning how to sedate a patient).  

   Rise of Simulation 

 The growth of simulation in healthcare has been nothing 
short of astonishing. We can use publications within a spe-
cialty to gauge growth. In a recent review by Ross, simula-
tion manuscripts in the specialty journals of anesthesiology 
showed a 126% increase in a 3-year moving average 
between 2001 and 2010. The vast majority of publications 
in anesthesiology utilized mannequins and were focused 
primarily on learning (as opposed to other uses such as 
process improvement)  [  48  ] . The majority of simulation 
was mannequin based. Other specialties, such as surgery, 
might have different ratios of preferred simulator type, but 
the trend is clear; simulation use is increasing in 
healthcare.  

   “Big Data” 

 “Big data,” the most important trend of all, has little to do 
with simulators themselves but, instead, has to do with the 
output, aggregation, and interpretation of data generated 
by the technology. Big data is de fi ned as “  data sets     so 
large and complex they become awkward to work with 
using on-hand database management tools. Dif fi culties 
include capture, storage, search, sharing, analysis, and 
visualization.” Big data holds the promise for us, for the 
 fi rst time in history, to gain signi fi cant insight into the 
pedagogy behind healthcare learning. Data streaming 
from simulators can be fed into local, national, or interna-
tional databases. By mining these large data sets, we will 
be able to (1) build formative and summative assessments 
of individuals, (2) benchmark individuals to each other 
(locally, nationally, or internationally), (3) study educa-
tional effectiveness and outcomes, (4) use the analysis to 
redesign systems to maximize engagement and learning 
ef fi ciency, and (5) understand the local, national, or inter-
national impact of discreet educational interventions. Big 
data from healthcare education will require a whole new 
breed of scientist focused on “learning analytics.” 
Ultimately, we expect this knowledge to transform health-
care education.  

   How Many Learners at a Time? Multiplayer 
Versus Single Player 

 Through the remainder of the chapter, we will discuss the 
comparative advantages and disadvantages of GBL when 
compared to physically based simulators. In order to fully 
comprehend these arguments, one must understand the dif-
ferent types of GBL. 

   Single Player 
 In a single-player GBL exercise, the learning is targeted at 
a single individual (see Fig.  16.10 ). We expect single-
player GBL to be especially useful in the early phases of 
learning. Autonomous embedded avatar physiology is a 
critical component in this vision. In this type of learning, 
an individual works through the learning module at their 
own pace, making and re fl ecting on errors as they occur. In 
an adaptive learning system, the platform would adjust the 
dif fi culty based on the learner’s performance. If they make 
too many mistakes—the challenge becomes easier. If they 
are making few mistakes, the challenge becomes harder. 
Only after mastering the core concepts individually will 
the learner be eligible for multiplayer, collaborative 
exercises.   

http://en.wikipedia.org/wiki/Data_set
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  Fig. 16.10    Sample of a single-player games-based learning environ-
ment developed for non-anesthesia military personnel to practice the 
cognitive skills of deep sedation and rapid sequence intubation. The 
learner must evaluate each of ten patients and develop and execute indi-
vidual plans. The learner’s choices are tracked automatically. Following 
each case, the learner is compared to an anesthesiologist and can re fl ect 

on differences in practice. Each case can be repeated multiple times until 
mastery. Pre-deployment Anesthesia and Anaphylaxis Training System 
(PDAATS), currently under development, is funded by the Telemedicine 
and Advanced Technology Research Center (TATRC) of the US Army 
Medical Research and Materiel Command (Screenshots courtesy of the 
Virtual Heroes Division of Applied Research Associates)       

   Multiplayer 
 There are two types of multiplayer GBL types: facilitated (see 
Figs.  16.11  and  16.12 ) and non-facilitated. Facilitated multi-
player GBL requires a trained facilitator to lead the exercise 
and the subsequent debrief such as 3DiTeams. The actions of 
the learners can still be automatically logged, but the facilita-
tor is primarily responsible for driving exercise forward.   

 Non-facilitated multiplayer allows learners to work 
together with preprogrammed “non-player characters” 
(NPC) much like the commercial game World of Warcraft 
 [  49  ] . Feedback in non-facilitated multiplayer experiences is 
generated primarily by the technology and/or peer-to-peer 
interactions but also can be given by a trained facilitator. 

 Any action taken in any virtual environment (single player 
or multiplayer) can be logged and sent to a learning manage-
ment system.   

   Advantages and Disadvantages 
of Mannequin-Based Learning Compared 
to Games-Based Learning 

   Advantages of GBL Versus MBL 
 Simulation is effective method of learning  [  50  ] . MBL will 
continue to have a role in medical education, but as capabili-
ties of other forms of simulation grow, its role will likely 
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  Fig. 16.11    Sample of a 
facilitator-led multiplayer 
training environment for team 
training. In this example the 
patient (avatar) has his own 
physiology driven by a physiol-
ogy engine. Each healthcare 
worker can connect to the shared 
virtual environment from 
anywhere in the world. The 
facilitator controls unexpected 
“complications” deciding when 
(or if) to add them to the 
scenario. The scenario is 
“ fi lmed” and may be played back 
during a debrie fi ng. 3DiTeams 
(circa 2007) funded by the 
Telemedicine and Advanced 
Technology Research Center 
(TATRC) of the US Army 
Medical Research and Materiel 
Command (Screenshots courtesy 
of the Virtual Heroes Division of 
Applied Research Associates)       

  Fig. 16.12    Sample of a more 
recent facilitator-led multiplayer 
training environment (currently 
under development) for team 
training in the setting of 
postpartum hemorrhage. 
3DiTeams obstetrics is being 
built on the Immersive Learning 
Environments @ Duke 
(ILE@D) Platform and will be 
used both for team training and 
massive hemorrhage protocol 
training. Note the improved 
visual  fi delity compared to the 
original 3DiTeams. Choices 
made during the scenario, 
mouse clicks, and other data are 
automatically captured by the 
platform and, in a later version, 
to automate feedback. The 
interaction can be “recorded” 
and played back for a traditional 
debrief (Funded by Department 
of Health and Human Services. 
Screenshots courtesy of the 
Virtual Heroes Division of 
Applied Research Associates)       
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change. More convenient, distributable, and less expensive 
forms of simulation (e.g., GBL) will command an increasing 
proportion of the market for training. GBL is not perfect, 
but it possesses many of the features we desire in a learning 
platform. Technological advantages of GBL over MBL 
include the following: (1) scalability, (2) distributability, (3) 
the ability to augment reality, (4) the ability to manipulate 
and warp time, (5) mobile delivery, (6) the ability to reuse 
assets, (7) the ability to standardize content (to share curric-
ulum or develop high-stakes assessment), (8) adjustable lev-
els of  fi delity, and (9) automated tracking and assessment. 

    In addition, there are many advantages for the learner 
using GBL when compared to MBL: (1) convenience, (2) 
self-paced learning, (3) adaptive to learner making it easier 
or harder based on grasp of material, (4) social that allows 
for peer-to-peer interaction with or without facilitator, (5) 
frequent and immediate feedback, (6) concurrent chaining of 
complex behaviors, (7) frequent rewards through completion 
of tasks, (8) easy remediation, and (9) ability to remain anon-
ymous while still working with peers.  

   Disadvantages of GBL Versus MBL 
 GBL is not perfect and currently suffers from the following 
shortcomings when compared to MBL: (1) the stigma that 
game technology is only for “fun” and cannot be used for 

serious learning, (2) lack of evidence to support (or refute) 
GBL as a viable learning option, (3) lack of haptics (sense of 
touch) in virtual environments, and (4) the need to hard code 
much of the experience (making spontaneous interaction 
much more dif fi cult). 

 From a learner’s perspective, GBL may also have the fol-
lowing disadvantages: (1) A learner that is a computer novice 
or has little computer acumen may not  fi nd VEs amenable to 
learning, (2) a learner with little or no experience in gaming 
environments may struggle with game mechanics (and lose 
sight of the learning objectives), and (3) nonverbal communi-
cation is poor in VEs (again with an unknown effect on learn-
ing outcomes).    

   Immersive Virtual Environments 

   ILE@D—Immersive Learning 
Environments @ Duke 

 Currently, in our lab in the Duke University Human Simulation 
and Patient Safety Center, we are trying to position virtual envi-
ronments as an intermediate step between basic knowledge 
acquisition and face-to-face interaction (see Fig.  16.13 ). Central 
to this vision is the development of ILE@D (Immersive 

Books, Lectures,
Video

Today

Physical
simulation

Books, Lectures,
Video

Tomorrow

Digital games-
based learning

Physical
simulation

  Fig. 16.13    Comparison of simulation learning today and tomorrow 
(circle size represents relative amount of learning in each format). 
Today, most learners gain basic knowledge from books, the web, or 
lectures then attempt to directly apply that knowledge in facilitator-led 
simulation scenarios. In the future, we believe there will be an addi-
tional step between basic information acquisition (from books and lec-

tures) and face-to-face interaction. This intermediate step, games-based 
learning, will reduce the need for face-to-face interactions and will 
result in more ef fi cient use of simulation resources when face-to-face 
learning is required. Overall, through the integration of games-based 
learning, we expect the ef fi ciency of simulation to improve 
signi fi cantly       
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Learning Environments @ Duke), a shared common virtual 
environment platform for interprofessional learning—our  fi rst 
step toward the Ultimate Learning Platform. ILE@D is a three-
dimensional, collaborative world accessible from any Internet-
connected computer that provides an innovative, interactive 
“front-end” to distance education in the healthcare professions. 
ILE@D maximizes face-to-face interactions between teachers 
and students through preparatory self-directed, team-based, 
and facilitator-led activities in the virtual environment. We are 
designing a  fl exible architecture to allow creation of a library of 
locales, tools, medicines, procedures, patient pro fi les, events, 
and avatar responses. Once these libraries are created, they can 
be shared across a range of scenarios. The ILE@D framework, 
which supports open standards, and a plug-in architecture will 
become a hub of virtual healthcare education and research. 
Current healthcare applications under development in the 
ILE@D ecosystem include: (1) deep sedation training, (2) han-
dover training, (3) teamwork and communication training, and 
(4) postpartum hemorrhage training.  

 We expect the future of healthcare education to be made 
up of blended or hybrid learning solutions that are heavily 
dependent on interactive learning delivered via GBL-ILE@D 
will ful fi ll this need.  

   Disruptive Technology 

 Clay Christensen, in his seminal book,  The Innovator ’ s Dilemma  
 [  51  ] , spoke of disruptive technology. A disruptive technology is 
a new technological advance that is initially ignored because it 
only offers a fraction of the features of the state-of-the art legacy 
product. Ultimately, through cycles of development, the disrup-
tive technology improves until the point where it overtakes the 
legacy technology—and in its wake, the legacy company with-
ers. We have seen this cycle repeat itself many times including 
with cameras, movies, desktop computers, and other technol-
ogy. Initially, GBL will be utilized primarily in blended learning 
solutions. Ultimately, we believe MBL, a recent disruptor of 
medical education, will be disrupted itself, increasingly sup-
planted by the rapidly improving capabilities of GBL. With 
these changes will come a revolution in our understanding and 
enjoyment of lifelong learning.   

   Conclusion 

 The convergence of computer hardware, communication net-
works, haptic technology, and consumer electronics/gaming 
technology will result in the simulation products that are cur-
rently unimaginable. We believe this convergence will usher 
in a new generation of tools and technology for healthcare 
learning that are ef fi cient, ef fi cacious, and engaging. 
Ultimately, these tools and the data derived from them will 
change the very nature of healthcare learning.      
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          Introduction 

 The specialty of anesthesiology has been at the forefront of 
healthcare simulation from its development and early appli-
cations to pioneering simulation for residency training 
requirements and maintenance of specialty board status. As 
such, the specialty of anesthesiology has a rich and mature 
experience with simulation. In this chapter we will explore 
the application of simulation to the  fi eld of anesthesiology 
with regard to training, assessment, and maintenance of 
competence. Given the specialty’s extensive experience, 
much of the chapter will be devoted to the “art” of simulation 
with a detailed discussion of scenario, course, and curricular 
development.  

   The Specialty of Anesthesiology 

 “Although good clinical care in anesthesia has many compo-
nents, the ability to diagnose and treat acute, life-threatening 
perioperative abnormalities is near the top of most anesthe-
siologists’ lists”  [  1  ] . David Gaba’s statement still rings true, 
and anesthesiology training aims to ensure competence in 
all aspects of perioperative care for patients of all ages and 
conditions. In addition to a broad base of clinical knowl-
edge and judgment, procedural skills must be mastered to 
a level permitting  fl exible, creative, and adaptive applica-
tion. The cognitive abilities necessary for intraoperative 
vigilance and responses to emergency and critical situations 

must be  developed to a high level and complemented by 
the  communication and leadership skills needed to conduct 
a coordinated team response. Additionally, graduates must 
possess skills that foster a commitment to lifelong learning 
throughout the coming decades of practice, while practicing 
anesthesiologists require maintenance of skills, and opportu-
nities to acquire new knowledge and skills. 

 During the last few decades, the scope of practice of 
anesthesiologists has increased to encompass care outside 
the surgical suite including clinical environments such as 
the intensive care units, inpatient and pain medicine clin-
ics, and preoperative clinics. This expanded base of practice 
requires anesthesiologists to have a broader training pro-
gram that focuses on cognitive, procedure, and leadership 
skills to foster patient safety beyond the operating room. 
Recently, four roles have been used to describe the profes-
sional anesthesiologist: the professional artist (providing a 
safe anesthetic), the good Samaritan (managing patient pain, 
fear, and anxiety), the servant (serving the hospital by pro-
viding optimal care in the OR as well as facilitating the roles 
of other services in the hospital, e.g., care of critically ill 
patients), and the coordinator (administrative roles facilitat-
ing smooth functioning of the hospital, e.g., OR scheduling, 
airway management backup, roles in safety and education) 
 [  2  ] . The most comprehensive role is that of the servant, 
despite its seemingly negative connotation: aiding other pro-
viders in caring for the acutely or critically ill patient, thus 
supporting and facilitating the effectiveness and safety of 
the entire hospital system. Research in the workplace dem-
onstrates that the performance of individuals with a broader 
vision of their work is superior to those whose professional 
understanding is narrow  [  3  ] . Though anesthesia residency 
education may focus primarily on one’s individual opera-
tive management, particularly in settings in which residents 
provide most of the intraoperative care, broadening trainee’s 
vision of their professional responsibilities is an important 
aspect of their education.  
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 Graduate medical education has a strong experiential 
base. Residents learn by taking care of patients under the 
supervision of faculty, not only through reading, attending 
lectures, and participating in discussions with faculty and 
peers. Faculty also model important skills and attitudes and 
are responsible for assessing learners’ readiness for progres-
sion and eventual graduation into independent practice. This 
supervised practice and role modeling bears resemblance to 
apprenticeship. The modern application of apprenticeship in 
medical education was championed by Flexner, who inte-
grated structured scienti fi c study, and Osler, who introduced 
clinical clerkships into American medical education and 
derided the lecture hall as a “bastard substitute” for bedside 
teaching by a master physician  [  4  ] . The apprenticeship 
approach to medical education is familiar to many current 
medical faculty members, because it would resemble their 
own experiential training. However, changes in graduate 
medical education in recent years have raised concerns that 
experiential training may be inadequate to prepare anesthesi-
ologists for decades of practice  [  4  ] . 

 Trainee work-hour restrictions have resulted in a decrease 
in clinical exposure to both total number of cases and case 
diversity  [  5  ] . Public demand for increased safety and account-
ability has increased supervision of learners and intolerance 
of trainee error. Failure to learn critical management skills 
may result not only from lack of opportunity for independent 
practice but also from a learner’s inability to perform the pro-
cedure with suf fi cient safety and facility to permit perfor-
mance on an actual patient. Trainees worry that they are not 
ready to take up independent practice after graduation  [  6  ] . 

 Identifying the trainee who is competent to perform a 
clinical procedure under varying levels of supervision (com-
pleted milestone) is an important issue and a major focus of 
the Accreditation Council of Graduate Medical Education 
(ACGME). Without formal assessment training, faculty 
members generally use their own, however limited, observa-
tions and perception of competency, to assess learners. 
Competence may be assumed simply because no evidence to 
the contrary is available to the staff. The learner may simply 
be required to demonstrate proof of the number of times they 
have performed a procedure (ACGME case log) and less 

often queried about their practical or theoretical knowledge 
prior to patient care. More commonly the trainee is simply 
asked if he or she can handle the procedure or situation. 
Trainees may have to bring forward the claim that they are 
competent or be deprived of practice opportunities. 

 Some cases are particularly rare during residency training 
and make suf fi cient experience unlikely to develop. It is 
unlikely that a resident in anesthesia will see a case of malig-
nant hyperthermia or undiagnosed pheochromocytoma; gen-
eral anesthesia for cesarean section may occur only one or 
two times during a residency, yet the practicing anesthesiolo-
gist must be pro fi cient and capable of recognizing and man-
aging rare life-threatening events that may occur in these 
situations. Several studies have demonstrated wide variation 
in performance of groups that were presumably similarly 
trained  [  7,   8  ] . This concerning level of variability raises 
questions over the effectiveness and reliability of the medical 
education system. 

 Competence is a necessary prerequisite for independence, 
but does not in and of itself indicate the ability for indepen-
dent practice  [  9  ] . Even if competent to handle routine cases, 
independence requires the ability to recognize the nonrou-
tine and predict and manage associated critical events. The 
resident’s ability to recognize and manage rare and critical 
events may be very dif fi cult for faculty to predict or deter-
mine. Competence also depends on the complexity of the 
procedure and how often it is performed. Behaviors denoting 
“competence” might be demonstrated a few times and subse-
quently lost. Early learners would be less able to deal with 
differences in equipment, staff, or systems support. This is 
the gap between competency and capacity for professional 
independence, better delineated by the development of mile-
stones in professional education. 

 Moving beyond the time-based model of education, in 
which training is de fi ned primarily in terms of the length, there 
is the potential to make residency training more ef fi cient  [  10  ] . 
Some learners grasp things more quickly, while others need 
more hands-on practice and repetition. Even those adept learn-
ers may have more dif fi culty mastering some speci fi c aspects 
of anesthesia practice. Rather than identifying competence in 
terms of time in training, pro fi ciency should be identi fi ed 
based on an achieved set of abilities (competencies and mile-
stones). The trainee is then able to move on to more advanced 
applications or add other types of training to his portfolio.  

   Advantages of Simulation for Anesthesia 
Education and Assessment 

 Though de fi nitive evidence for simulation’s superiority to 
more traditional approaches of evaluation and education is 
still being sought, its intuitive appeal has led to its accep-
tance into medical education programs. In the United States, 

   Table 17.1    A summary of graded levels of education evaluation   

 Kirkpatrick 
levels  [  117  ]  

 McGaghie  [  118  ] : education 
as translational research 

 Miller’s pyramid
  [  119  ]  

 1. Reaction 
 2. Learning  T1—learning seen in 

controlled setting 
 Knows 

 3. Behavior  T2—learning used in patient 
care setting 

 Knows how/what 
 Shows how/what 
 Does 

 4. Results  T3—learning improved 
patient care 
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 simulation experiences are now a requirement in anesthesia 
residency training  [  11  ]  as well as a part of Maintenance of 
Certi fi cation in Anesthesiology for professionals in practice 
 [  12  ] . However, it is worth noting that although written and 
oral exams have been utilized for many years as a method to 
determine competency, they have not been de fi nitively shown 
to reliably differentiate safe from unsafe practitioners. 

 In addition to learning and rehearsing management of 
clinical problems, simulation can be useful in developing 
procedural, communication, teaching, and leadership skills. 
Simulation allows practice of rare but critical events. For 
some skills and topics, the experiential learning offered 
through simulation may produce outcomes superior to that 
which can be achieved via the clinical setting using more 
traditional techniques. 

 Learning while doing requires re fl ection; debrie fi ng is a 
structured form of re fl ection that is at the heart of simulation-
based education. Enhanced opportunity for re fl ection and 
improvement in a safe and guided setting with repetition and 
further assessment is an essential part of the simulation expe-
rience. Rather than the “fog of war” experienced when man-
aging an actual surgical or anesthetic crisis, simulation affords 
the opportunity to take a step back; thoughtfully consider 
actions; incorporate feedback from faculty, peers, and record-
ings; and develop a plan for improvement. This experiential 
learning occurs in a safe, learning-focused environment, 
unlike actual clinical settings in which patients are at risk, the 
resident/anesthesiologist functions on a public stage, and 
criticism, legal action, loss of position or public humiliation 
may result. It is for this reason that it is critical that simulation 
creates and maintains a safe learning atmosphere. 

 Once training is complete, it can be dif fi cult for estab-
lished practitioners to learn new skills in a typical practice 
setting. Some skills build on foundations from earlier train-
ing; other skills present a paradigm shift and are less likely to 
be learned on the job after board certi fi cation. For example, 
the introduction of ultrasound into anesthesia practice could 
have been facilitated by use of task trainers outside of clini-
cal practice. 

 Simulation may also be used for formative and summa-
tive assessment. Formative assessment or “feedback” is a 
key component of learning and improvement in knowledge 
and skills in medical education. Summative assessment, in 
which one’s knowledge and skills are summarized and 
reported, is used more for testing. As research accumulates 
and simulation technology advances, there is a slow progres-
sion from formative to summative assessment. Boulet and 
Murray have recently reviewed the challenges of developing 
summative assessments  [  13  ] , including de fi ning the skills to 
be measured, developing a simulation to assess those skills 
and the metrics to measure the performance, and building a 
case for the validity of the simulation task as well as the reli-
ability and usability of the metrics. 

 Simulation-based assessment may give different results 
from usual assessment tools. Anesthesia educators know the 
dif fi culties of training residents who do well on written tests 
but are ineffective in the clinical setting. Even residents who 
do well in one area may not do well in another, because com-
petency is speci fi c to both the content and context in which it 
is situated. In addition to cognitive errors, learners may have 
ingrained misunderstandings and habitual thought process 
errors that require correction before independent practice. In 
the clinical setting, these faults may never surface unless a 
particular event or fortuitous question reveals the de fi ciency. 
Simulation affords a setting in which the resident can be put 
in a position of decision-making and independent practice 
not normally available to them. The scenario is then allowed 
to play out without faculty interference or intervention, until 
errors and de fi ciencies are revealed. 

 Simulation offers the opportunity to practice and calibrate 
self-re fl ection. The American Board of Medical Specialties 
emphasizes self-directed learning, which assumes an ability 
to self-assess, as an integral part of maintenance of 
certi fi cation. Davis et al., in a systematic review on physician 
self-assessment compared to an external standard, deter-
mined that the majority of studies showed either a negative, 
minimal, or no association between self-assessment and 
external measures  [  14  ] . Thus, learners who present the great-
est educational challenges are frequently those who fail to 
recognize their own limitations. As Hodges et al. described 
it, “those who know less also know less about what they 
know”  [  15  ] . Those who performed less well rated themselves 
inappropriately highly and, in contrast to high-performing 
and middle-performing subjects, failed to correct or calibrate 
their self-assessments toward more accurate estimations after 
exposure to other’s performance and self-assessments 
 [  15,   16  ] . Simulation presents opportunities for guidance by a 
facilitating faculty, review of videotapes, and other means of 
correlating self-rating with external standards  [  17  ] . 

 Of concern is a study by Wenk et al., demonstrating an 
increase in con fi dence in learners after completion of simulation 
learning that was not associated with an improvement in perfor-
mance  [  18  ] . It is possible that this phenomenon is more likely to 
occur with medical students, who have less clinical context in 
which to evaluate and interpret the simulation experience. 

 There have been limitations on the level and impact of 
research in the use of stimulation in anesthesia education and 
evaluation. Much research is limited to Kirkpatrick level 1 
(“learners liked it”) (see Table  17.1 ); the highest level 
(improved patient outcomes) is the hardest to demonstrate 
but more valuable. Others argue that the question now is not 
“Why simulation?” but “How best to use simulation?” It is 
suggested that the role of research now is not to prove that 
simulation is good or better than other modalities but to clar-
ify the speci fi c areas in which it works best and de fi ne the 
details of how best to use it  [  19  ] .  
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   Technology and Techniques 

 Although entire chapters in this textbook are devoted to the 
discussion of simulation technology, there are a number of 
particular part-task trainers in addition to the full-scale man-
nequin simulators that have speci fi c application to the training 
and assessment of anesthesiologists and anesthesia providers. 

   Part-Task Trainers 

 Task trainers are devices designed to teach a speci fi c skill. 
They may be higher  fi delity, simulating a patient or body part 
in realistic detail, or a more rudimentary model that simply 
lets the novice master the basic steps of a clinical task. Task 
trainers currently on the market are often criticized for their 
lack of  fi delity with skeptics saying they offer a crude model 
at best. In actuality, a more complex trainer might detract 
from the learning experience by increasing cognitive load. 

 The role of the task trainer is not to convert a novice into 
an expert but to allow mastery of the basics of a technique so 
that when managing an actual patient, the learner can focus 
on the more sophisticated and subtle aspects of the task while 
providing a more ef fi cient, safe, and comfortable experience 
for the patient.  

   Airway Trainers 

 Choosing an appropriate airway task trainer requires  fi rst 
establishing clear goals and objectives for the training. For 
airway skills, bag-and-mask ventilation, direct laryngoscopy, 
placement of supraglottic devices,  fi beroptic intubation, and 
one-lung ventilation require trainers with differing anatomy 
and attributes (Fig.  17.1 ).  

 Most of the airway trainers on the market allow bag-and-
mask ventilation and have suf fi cient mobility of the head, 
jaw, and neck to allow practice of proper placement of oral 
and nasal airways, ventilating mask, and positioning of the 
head and neck. Many airway trainers can be modi fi ed into 
“homegrown” airway trainers for more advanced skills such 
as regional anesthesia trainers for illustration of superior 
laryngeal and recurrent laryngeal nerve blocks (Fig.  17.2 ).  

 For training in direct laryngoscopy, appropriate upper air-
way anatomy, trachea, esophagus, as well as mobility in the 
jaw and neck to facilitate laryngoscopy will be needed. These 
attributes permit practice of laryngoscopy of normal anat-
omy and allow positioning of the head, alignment of the lar-
yngoscope, and passage of the endotracheal tube. Typically 
limited to head, neck, and upper torso, these trainers are rea-
sonably priced and quite durable, but do not effectively sim-
ulate the dif fi cult airway. Still, they can be used to practice 
the fundamentals of bag-and-mask ventilation, placement of 

oral and nasal airways, direct laryngoscopy, and inserting 
rescue devices used in airway management. 

 The next level of sophistication in airway task trainers 
allows alteration of normal anatomy to mimic the dif fi cult 
airway. Typically bladders are in fl ated to mimic a swollen 
tongue and/or hypopharynx; electrically activated devices 
decrease mobility of the jaw and/or neck to simulate “can’t-
intubate/can’t-ventilate” situations. The simulated dif fi cult 
airway may not exactly recreate clinical experience but pro-
vides the opportunity to work through the steps of manage-
ment. Some of these simulators provide an audible tone 
mimicking a pulse oximeter as the oxygen saturation falls, to 
add a realistic sense of urgency. Although more expensive 
than the simple head task trainer, they are still far cheaper 
than the full-scale mannequin. 

 At the highest level of sophistication, high- fi delity simu-
lation mannequins have complexly engineered anatomy that 
allows recreation of both straightforward and complicated 
airways in addition to modeling the rest of the body. These 
mannequins are very expensive and prone to breakdown, so 
to use them simply as an airway trainer may be inef fi cient 
and ill advised (Fig.  17.3 ). They do have the added bene fi t of 
showing the systemic effects of prolonged attempts at airway 
management such as hypoxia, hemodynamic instability, and 
changes in pulmonary mechanics.  

 Airway devices may not work as well in a trainer as in a 
live patient. It can be dif fi cult to get an adequate seal with 
supraglottic devices such as the laryngeal mask airway, but 

  Fig. 17.1    Traditional airway trainer used for teaching basic airway 
skills with anatomical airway model for illustration of normal 
anatomy       
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practice in placement is still valuable. Video laryngoscopes 
work well in most (Fig.  17.3 ). 

 Finally, animal models have been used for many decades. 
Isolated pig tracheas, available from most slaughterhouses, 
provide a very realistic model for needle and surgical 
cricothyrotomy.  

   Bronchoscopy Trainers 

 Video laryngoscopes have decreased the number of broncho-
scopic intubations being done by anesthesia trainees  [  20  ] , so 
simulation training for bronchoscopic airway management 
becomes more important than ever as this skill is practiced less 

a b

d

c

  Fig. 17.2    Homegrown airway regional anesthesia trainer showing ( a ) 
airway anatomic model covered with skin from mannequin simulator. 
Performance of ( b ) superior laryngeal nerve block and ( c ) transtracheal 

nerve block. ( d ) With skin off the design of the trainer is shown to 
involve a stylet for use as a hyoid bone and tape to simulate a cricothy-
roid membrane       
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in the clinical setting. Component skills of bronchoscopy are 
recognition of the anatomy and manipulation of the scope. 

 Airway trainers provide a model of the proximal airway; 
however, most of them are only anatomically accurate to the 
level of the carina. Homemade models using branching tubes 
permit the learner to practice “driving” the scope. Although these 
models are not anatomic, they allow mastery of manipulation 
and control of an actual bronchoscope. There does not appear to 
be enhanced skill acquisition with sophisticated bronchoscopic 
simulators compared with less sophisticated models when the 
bronchoscopic objective is securing the airway  [  21,   22  ] . 

 Screen-based high- fi delity bronchoscopic trainers consist of 
a controller resembling a bronchoscope and a screen-based 
system showing simulated images of the anatomy. Advantages 
include learning to drive the scope as well as detailed anatomy; 
a tutorial is frequently built in to the system. If the goal is sim-
ply to learn bronchoscopic anatomy, a screen-based broncho-
scopic anatomy trainer that uses keyboard or mouse controls 
for bronchoscopic control may suf fi ce. An example is 
Bronchoscopy Simulator  [  23  ] , a free Web-based application 
developed by the University of Toronto. However, the anesthe-
siology trainee will necessarily need to develop psychomotor 
skills related to bronchoscopy, and this cannot be accomplished 
with keyboard controlled screen-based simulators. Scope 
manipulation as well as anatomic knowledge may be learned 
using a high- fi delity bronchoscopy model, an anatomic model 
of the upper airway, larynx, trachea, and bronchi through which 
the learner must manipulate the scope (Fig.  17.4 ).   

   Central Line Placement Trainers 

 Models for learning central line placement consist of the 
upper torso and typically provide palpable anatomy (bony 
landmarks) as well as arterial and venous systems that can be 

cannulated. Arterial systems with lifelike pulsations add 
another level of complexity and  fi delity (Fig.  17.5 ). Trainers 
are also available for cannulation of femoral vessels.  

 Questions to consider before integrating these simulators 
include: Will the trainer be used to learn cannulation of the 
internal jugular or subclavian veins? Does it provide the 
landmarks needed for the techniques that we emphasize in 
our center? Does the level of complexity match our needs, 
recognizing that complexity adds cost as well as increasing 
the risk of malfunction and cost of maintenance? 

 If the model will be used to teach ultrasound (US)-guided 
central venous cannulation, the  fi delity of ultrasound images 
produced should be assessed. Images may be provided not 
only of the vessels but of surrounding anatomy (trachea, 
muscles, and nerves); arterial and venous vessels may be dis-
tinguishable by the image shape and pulsatile motion. Not all 
models will have all of these features, so it is up to the buyer 
to determine which are important for the curriculum that you 
are developing. Most central line placement task trainers 
consist of a base and a replaceable component through which 
the needle is inserted. Cost of the disposables as well as their 
durability (how many needle punctures they can withstand, 
how the US image degrades after multiple needle passes, 
etc.) needs to be integrated into purchase decisions. 

 Though task trainers are a useful component of education, 
safely placing a central line requires far more than piercing the 
correct vessel, that is, setup of the procedure tray, patient prepa-
ration and positioning, identi fi cation of landmarks, puncture of 
the vessel, insertion and con fi rmation of guidewire location, 
dilation of the tissue path, and  fi nally placement and con fi rmation 
of the venous line itself, all while monitoring the patient’s status, 
comfort, and possible cardiac arrhythmias and maintaining ster-
ile technique. The task training exercise needs to include all of 
these to develop safe trainees, rather than ones who can simply 
get a needle into a vessel. Limiting the frequency of actual dila-
tion and cannulation in practice sessions can prolong the lon-
gevity of disposable portions of the trainer. By emphasizing 
these basics on the task trainer, bedside teaching with actual 
patients can focus on more advanced skills such as recognizing 
variations in anatomy and communicating with the patient. 
Alternatively, screen-based central line simulators are being 
developed that serve as a tutorial for the steps of central line 
placement without the physical mannequin. This allows trainees 
to rehearse the key steps of line placement without the need for 
a mannequin. Given that these steps are equally important to the 
psychomotor aspects of line placement with regard to patient 
safety, these simulators may prove useful to training programs.  

   Echocardiography Trainers 

 Transesophageal echocardiography (TEE) requires manual 
skills to manipulate the TEE probe to obtain the desired 

  Fig. 17.3    Use of a glidescope to intubate the METI HPS       
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  Fig. 17.4    Virtual bronchoscopy simulator. ( a ) Simulator setup. ( b – d ) Simulator use and airway images. ( e ) Performance metrics       
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images as well as the knowledge to interpret these images. 
Many of the TEE trainers on the market focus exclusively on 
image interpretation; they may be screen- or Web-based and 
lack a TEE probe. They tend to be modestly priced and are 
often intended for self-study. 

 Manipulating the TEE probe in response to suboptimal 
images, which necessitates a TEE-like probe with which to 
practice, may challenge novices. Trainers developed to 
address these needs consist of either a model with an “image-
able” static cardiac model within it that the learner evaluates 

a b

d
c

  Fig. 17.5    ( a – d ) Central venous cannulation trainer showing participant performing steps of internal jugular vein cannulation       

 



26517 Simulation in Anesthesiology

with a standard echo machine (e.g., the Blue Phantom car-
diac model) or alternatively one in which a controller that 
resembles a TEE probe interacts with a computer model to 
provide simulated views (e.g., CAE or HeartWorks). A static 
cardiac model in a mannequin or thorax is appealing because 
it allows use of the actual TEE equipment in your clinical 
setting. The disadvantages are that it is a static model, not a 
beating heart, and it ties up clinical equipment. Computer-
simulated systems often include an online tutorial along with 
the models, simulate a beating heart, and are dedicated teach-
ing systems not tying up clinical equipment. Most trainers 
that simulate TEE provide transthoracic echo training as 
well, which may be additionally useful for PACU and ICU 
settings (Fig.  17.6 ).   

   Regional Anesthesia Trainers 

 Regional anesthesia under US guidance requires a learner to 
master not only ultrasonography and sonoanatomy but the 
eye-hand coordination to maneuver the needle in three dimen-
sions in response to the images. Models for ultrasound probe 
manipulation and needle control must provide a target image 
within a medium that mimics the feel of directing the needle to 
reach that target. Commercial products typically consist of a 
target imbedded in a gel that facilitates imaging. After repeated 
needle passage, gel-based models tend to show needle tracks 
on US imaging, image quality is degraded, and hence, their 
durability is limited. Homemade models may be made by 

placing targets, for example, olives within cuts of meat. Large 
nerves, such as the sciatic, as well as sizable cuts of meat can 
be purchased from an abattoir or a cooperative butcher. 
Anatomy and sonoanatomy required for successful regional 
anesthesia practice may be effectively learned from print mate-
rial or screen-based tutorials as well, though as with central 
line simulators, there is no psychomotor component. 

 Epidural and spinal anesthesia simulators typically con-
sist of a torso with an imbedded synthetic spinal column that 
includes a ligamentum  fl avum and a spinal cord within a 
 fl uid- fi lled thecal sac (Fig.  17.7 ). There may be some 
 fl exibility in the torso and spine to allow optimal and subop-
timal positioning. Not all models can be used in both the 
upright and lateral decubitus position. These trainers can rea-
sonably recreate the touch, feel, and consistency of a normal 
human back and the structures involved in neuraxial regional 
techniques. Their primary utility lies in letting the novice 
practice all the basic steps of an uncomplicated spinal or epi-
dural technique. Some models allow ultrasound imaging. 
Homemade models have been described using bananas as 
targets to recreate the loss of resistance associated with epi-
dural placement  [  24  ] .    

   The Science of Simulation Education 

   What Is Effective Simulation? 

 The characteristics that make simulation an effective educa-
tional tool have been described throughout the literature  [  25  ] . 
Well-de fi ned goals are requisite to being able to determine 
whether or not the simulation has been successful in meeting 
educational goals, and there must be a clear way to deter-
mine when the goals have been met. Feedback and the oppor-
tunity for repetitive practice are important. Simulation should 
be integrated into the curriculum in a meaningful way and 
not technology-driven. The level of dif fi culty should be 
appropriate for the learners, but there must be the availability 
of multiple levels of dif fi culty. Ideally the capacity for indi-
vidualization through the use of different teaching strategies 
can also enhance simulation-based education effectiveness. 
Some representation of clinical variation and how to adapt to 
it is useful. Finally, simulation should take place in a safe 
environment for learning. 

 As already mentioned and covered in great detail through-
out this text, debrie fi ng is critical. It is where learning takes 
place. Different kinds of debrie fi ng can be equally effective, 
whether guided by a facilitator or self-directed using a written 
guide  [  26  ] . Similarly, although video review is frequently part 
of debrie fi ng, some have suggested that it may not be neces-
sary for success and need not be used universally  [  27,   28  ] . For 
a more complete description of scenario  debrie fi ng including 
best practices and theory, see Chaps.   6     and   7    .  

  Fig. 17.6    TEE simulator       
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  Fig. 17.7    ( a–e ) Neuraxial anesthesia simulator showing participant doing steps of epidural catheter placement         
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   The Importance of Fidelity 

 Systematic analysis of simulation education calls for some 
meaningful method of classifying the levels of  fi delity. 
Cumin and Merry  [  29  ]  suggest a three-part scheme by which 
simulators are classi fi ed according to (1) how the learner 
interacts with them, (2) what determines their represented 
physiology, and (3) what can best be taught by their use. 

 Three major groups based on type of interaction are hard-
ware-based (mannequin or hands-on task trainer), screen-
based (computer-based system in which interaction takes 
place by keyboard or mouse on a nonspecialized computer), 
and virtual reality-based (interaction with the simulated 
environment via headsets and haptics). The physiologic 
behavior of a simulator may be script-controlled in which an 
operator prescribes the changes in physiology, or model-
driven in which a mathematical model of a physiological 
system determines the physiology observed. Finally, differ-
ent simulators are best suited to teaching knowledge, cogni-
tive skills, and psychomotor skills. Not every feature from 
“real life” has to be present in a simulation; it may even be 
better for nonessential items and representations to be 
removed to limit complexity, decreasing cognitive load and 
enhancing focus on the learning task at hand. 

 Scenario design is ultimately the bottom line of purchas-
ing any simulators. A well-constructed scenario should have 
 fi delity and be reproducible, that is, able to provide essentially 

the same experience to a number of learners. Reproducibility 
is especially important if summative assessment is planned. 
Full environment or full-scale simulation can be used to pro-
vide the experience of medical catastrophes; the emotion 
engendered may enhance learning by decreasing extinction/
forgetting and facilitating learning  [  30  ] . Role-play with stan-
dardized patients can also elicit an authentic emotional expe-
rience and offer practice in handling these emotions. 

 Simulation exercises can show the difference in skill lev-
els between experienced and less experienced providers with 
experienced practitioners performing better than less experi-
enced trainees  [  31,   32  ] . Simulation can also differentiate 
between experienced anesthesia providers who have and 
have not undergone ACLS training  [  33  ] .   

   Fundamental Competencies in Anesthesiology 

   Anesthesia-Speci fi c Equipment 

 Errors in anesthesia machine checks and fault identi fi cation, 
even by experienced anesthesia providers, continue to be a 
problem  [  34–  36  ] . In a recent investigation, experiential train-
ing in machine checkout was found to be superior to didactic 
teaching; in fact, junior residents exhibited machine-check 
skills superior to those of graduating senior residents who 
had not received experiential training. In addition, the skills 
were retained for at least 2 years  [  37  ] . Fischler et al.  [  38  ]  
compared a screen-based schematic teaching model of the 
anesthesia machine with a photorealistic screen-based teach-
ing model of the anesthesia machine as teaching tools on 
machine function. They found that learners who used the 
schematic model understood the function of the machine 
more thoroughly as assessed by written examination than 
those who used the photorealistic model. The photorealistic 
model was the higher- fi delity offering, showing that improv-
ing realism by itself does not always lead to better retention 
and understanding.  

   Crisis Resource Management (CRM), 
Human Factors, and Nontechnical Skills 

 While Chap.   8     provides a more comprehensive treatment of 
the subject of CRM, its importance in anesthesiology as it 
pertains to simulation deserves special mention. Emphasis 
on team skills or nontechnical skills was pioneered in the 
aviation industry as the contribution of dysfunctional teams 
to aviation accidents was recognized. Anesthesia training 
has traditionally focused on cognitive knowledge (knowing 
facts) and psychomotor skills (learning tasks, e.g., endotra-
cheal intubation, placement of an axillary nerve block). Team 
skills, effective communications, and handoffs, although 

e

Fig. 17.7 (continued)
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always a part of medical practice, have not been speci fi cally 
taught and rehearsed. Gaps in these skills are frequently cited 
as contributing to sentinel events. Simulation provides an 
opportunity to see good team and human factors skills as 
well as the consequences of weaknesses in this realm. It also 
provides an opportunity to rehearse the skills (Fig.  17.8 ).  

 Anesthesia Nontechnical Skills (ANTS) is a nontechnical 
skills framework speci fi cally designed for anesthesia that 
provides the taxonomy and tools to rate anesthesia behaviors 
 [  39–  41  ] . It evaluates task management, teamwork, situational 
awareness, and decision-making, with well-developed crite-
ria for each. Other frameworks customized for particular 
perioperative  fi elds include NOTSS for surgeons and 
SPLINTS for scrub nurses  [  40,   42  ] . These tools focus on the 
performance of the individual in executing nontechnical 
skills. Other tools have been developed to evaluate the func-
tion of the team rather than that of individual members. 
TeamSTEPPS ®  is a toolkit, funded by the Agency for 
Healthcare Research and Quality (AHRQ), that both mea-
sures teamwork function and provides a strategy for improv-
ing it  [  43  ] . The Mayo High Performance Teamwork Scale 
also evaluates team performance  [  44  ] . Both examples high-
light strengths and weaknesses of the team that could be ana-
lyzed for the contributions of individual team members to 
that strength or weakness. 

 Johnson et al.  [  45  ]  compared the effects of task training 
and variable priority training in a simulator, to the effects 
of standard training, on  fi rst year anesthesiology residents’ 

subsequent management of simulated adverse airway and 
respiratory events. Variable priority training emphasizes 
dividing attention appropriately among multiple competing 
factors. Participants in both groups showed improvement in 
all metrics after a year of residency. The experimental group 
was able to complete more tasks and answered more com-
prehension questions correctly, although both managed the 
case appropriately and had a similar perceived workload, 
suggesting that both approaches to teaching novices airway 
management were effective. 

 Park et al.  [  64  ]  studied the use of simulation in nov-
ice anesthesia residents who underwent training for initial 
intraoperative management of either hypoxia (group 1) or 
hypotension (group 2) in a crossover study. In a simulated 
scenario of intraoperative hypotension, group 2 outper-
formed group 1, while group 1 outperformed group 2 in a 
hypoxia scenario. The groups then completed the simulation 
training on the other topic. At 6 weeks there was no differ-
ence between the groups, thus supporting the effectiveness 
and ef fi ciency of simulation training for novices, particularly 
in hypoxia and hypotension scenarios.  

   Airway Management 

 In developing an airway management curriculum, one must 
recognize that airway management is considered a funda-
mental skill within an anesthesiology training program that 
is reinforced nearly every day through clinical practice; how-
ever, for non-anesthesia personnel, airway management is 
seen as a low-frequency/high-risk event. For non-anesthesia 
personnel, airway simulation training tends to focus on bag/
mask ventilation and more straightforward laryngoscopy and 
intubation; simulation training for anesthesia personnel is 
more concerned with management of the dif fi cult airway. 

 A recent survey of anesthesia residency programs found 
that half of respondents had a formal airway rotation as part 
of the anesthesia residency. More than two-thirds of pro-
grams used a combination of lecture and practice on a man-
nequin  [  46  ] . An Australian study found that anesthesia 
trainee exposure to alternative methods of airway manage-
ment in clinical practice was minimal—1.2  fi beroptic intuba-
tions, 0.5 mask-only cases, and 3.7 endobronchial double 
lumen tubes per year on average were reported  [  47  ] . 

 Simulation training can improve the technical skills and 
con fi dence of non-anesthesia junior house staff in the basic 
airway management of effective mask seal, bag-mask venti-
lation, and use of oral airways in adults  [  48–  50  ] . Non-
operating room intubation skills were shown to improve in 
adult patients after simulation training  [  51–  54  ] . In those 
studies, utilization of checklists and team management were 
also found to be improved in emergent airway management. 
Similarly in pediatric emergency airway management, 

  Fig. 17.8    Critical events management course in progress       
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 simulation training improved both technical and nontechni-
cal skills  [  55  ] , although adding just-in-time training for 
pediatric intubation, before a pediatric ICU shift, in addition 
to usual airway training, did not improve clinical airway 
management skills  [  56  ] . 

 After simulation training of dif fi cult airway management , 
anesthesia personnel demonstrated a more organized approach 
to managing the dif fi cult airway with improved con fi dence, 
which was sustained for 6 months after training  [  57,   58  ] . 
Interestingly, those anesthesia providers who did not follow 
the ASA algorithm before simulation training for a dif fi cult 
airway scenario did not follow it even after training  [  59  ] , sug-
gesting that previous experience of the learners affected how 
they perceived and responded to the simulation session. 
Olympio et al.  [  60  ]  noted that simulation training did not 
improve the detection of esophageal intubations in follow-up 
simulation scenarios. The authors did note that this may illus-
trate a problem with the design of their scenarios, a lack of 
deliberate practice, or long duration between scenarios. 

 Further studies have examined anesthesiologists’ perfor-
mance of surgical cricothyrotomy. After a single simulation 
session, improvements in performing cricothyrotomy on a 
simulator were retained for at least 1 year  [  61  ] . Siu et al.  [  62  ]  
showed that anesthesiologists improved their skills in surgi-
cal cricothyrotomy after completing a structured simulation 
session; however, older anesthesiologists (>45 years) were 
not only less adept at baseline than the younger group but 
remained less adept after undergoing the same structured 
training program. 

 Fiberoptic bronchoscopy skills for intubation can be 
enhanced with simulation task training. Even a virtual bron-
choscopic training session in which learners used an interac-
tive DVD before bronchoscopy training improved 
performance in the clinical setting  [  63  ] . Utilization of low-
 fi delity bronchoscopy trainers prior to clinical exposure 
signi fi cantly improved the clinical performance of the trainee 
 [  21  ] . There did not seem to be an incremental improvement 
in clinical performance when moving from a low- to a high-
 fi delity bronchoscopic task trainer  [  22  ] . 

 Placement of supraglottic airways such as laryngeal mask 
airways and combined esophagotracheal tubes can be prac-
ticed on commercially available mannequins as can complex 
and lifesaving procedures such as needle cricothyroidotomy 
with jet ventilation to allow trainees comfort with these 
devices (Fig.  17.9a–c ).   

   Neuraxial and Peripheral Nerve Blocks 

 Simulation has been recommended as part of a comprehen-
sive regional anesthesia curriculum  [  65,   66  ]  using task train-
ing to learn technical skills as well as full-scale simulation 
management of associated crises such as high spinal and 

local anesthetic systemic toxicity (LAST). Most of the litera-
ture on regional anesthesia task trainers consists of descrip-
tions of the trainers and the technology involved, but there is 
far less on the actual effectiveness of the trainers. 
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  Fig. 17.9    Placement of ( a ) an LMA and ( b ) combitube on the METI 
HPS. ( c ) Placement of an angiocatheter with jet ventilation on the 
mannequin       
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 There are a number of task trainers available for teaching 
lumbar puncture (LP), epidural, and spinal anesthesia tech-
niques as mentioned earlier in this chapter. There is little data 
showing de fi nitive effect of these trainers in clinical care, 
although Kessler et al.  [  67  ]  showed that pediatric residents 
who had trained on a pediatric LP trainer had a higher suc-
cess rate with their  fi rst LP in clinical practice. Friedman 
et al.  [  68  ]  showed that learners who received epidural place-
ment training with a low- fi delity epidural simulation model 
 [  24  ]  consisting of a banana wrapped in foam performed as 
well as those who utilized an expensive commercial high-
 fi delity epidural task trainer. Spinal and epidural trainers are 
becoming increasingly sophisticated, incorporating haptic 
feedback to simulate the tactile sensations of the needle pass-
ing through various tissue types  [  69,   70  ] . It remains to be 
seen if the increased  fi delity has any in fl uence on the educa-
tional outcome. 

 Ultrasound-guided regional anesthesia requires both 
familiarity with the sonoanatomy and skill with needle 
manipulation under ultrasound guidance. Niazi et al.  [  71  ]  
showed that residents training on a task trainer consisting 
of targets in a gel, in addition to didactic lessons, when 
compared to a cohort who received didactic training only, 
had a higher rate of successful blocks as well as had a 
higher degree of pro fi ciency when assessed using a stan-
dardized checklist. In contrast Cheung did not see an 
improvement in skills when a high- fi delity ultrasound-
guided regional anesthesia simulator was added to a train-
ing program  [  72  ] . Increasingly sophisticated regional 
anesthesia simulators, which are in essence interactive 
anatomy models, continue to be developed, some of which 
can build a virtual model of an individual patient with 
reconstructions from MRI  [  73  ] , although the contribution 
of such a model to attainment of regional anesthetic skills 
remains to be seen. 

 Simulation for LAST is a popular subject. Smith et al. 
 [  74  ]  describe rapid and successful management of LAST in 
an actual patient shortly after participants had undergone 
simulation training. Utilization of the American Society of 
Regional Anesthesia LAST checklist, as a cognitive aid, has 
been shown to improve performance in simulated resuscita-
tions of LAST  [  75  ] . Simulation training for LAST has been 
suggested as a component of a regional anesthesia curricu-
lum  [  65,   66  ] . Scenarios for LAST have been published and 
are now in the public domain  [  76  ] .  

   Central Line and Invasive Monitor Placement 

 Reducing and/or eliminating central line-associated blood-
stream infections (CLABSI) is an important national patient 
safety imperative, and the Agency for Healthcare Research 
and Quality (AHRQ) has funded a national effort to pre-

vent CLABSI. Along with infection, central line placement 
can be complicated by arterial puncture, pneumotho-
rax, brachial plexus injury, and inability to place the line. 
Although simulation training for central line placement was 
embraced, its introduction coincided with the use of other 
safety measures, including procedure standardization, tim-
eouts, checklists, and team member empowerment to speak 
up if protocols are breached; therefore, it is impossible to 
separate the effects of simulation training speci fi cally from 
these measures. However as simulation-based central line 
training has been introduced into practice, there has been 
a documented improvement in actual clinical performance 
measures including a decrease in time to complete the pro-
cedure  [  77  ] , a decrease in arterial puncture, and an increase 
of line placement success  [  78  ]  as well as decreased cath-
eter-related blood stream infections  [  79  ] . Consequent cost 
savings  [  80  ]  have been demonstrated. Some of the improve-
ment in infection rate may be due to improved sterile tech-
nique noted in participants after simulation learning  [  81  ] . 
Simulation training was shown to be superior to didactics in 
teaching sterile technique  [  82  ] . These skills learned appear 
to be retained at least 1 year  [  83  ] ; however, if the learners 
are in an environment in which central lines are frequently 
placed, by the end of a month, those who underwent simu-
lation training showed similar skills to those who had not 
 [  84  ] . In a meta-analysis of studies of simulation training 
and central line placement, Ma et al. reviewed 25 studies 
and showed improved learner performance on simulated 
exercises (fewer needle passes and pneumothoraces) and 
improved knowledge and con fi dence  [  85  ] .   

   Anesthesiology Subspecialties 

   Cardiovascular Anesthesia 

   Cardiopulmonary Bypass Management 
 Bruppacher showed that among cardiothoracic anesthesia 
learners training to wean patients from cardiopulmonary 
bypass, those randomized to simulation training showed 
improved performance in an actual clinical environment 
compared to trainees randomized to an interactive seminar 
on the material  [  86  ] . In an accompanying editorial, Steadman 
outlined the importance of connecting what is learned in the 
simulator to actual clinical practice; many studies demon-
strate only improvement in performance in the simulated set-
ting, and the questions arise as to whether such improvement 
is simply the result of “teaching to the test”  [  87  ] .  

   Transesophageal Echocardiography (TEE) 
 Learning transesophageal echocardiography (TEE) can be 
challenging. In order to become pro fi cient, one needs to mas-
ter both technical and cognitive skills in order to manipulate 
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the echo probe and the console controls while interpreting 
the images obtained. It is also challenging to assure that there 
is adequate exposure to both normal and abnormal anatomy. 
Simulation can be an educational adjunct that can be used to 
enrich the learning opportunities in the actual clinical envi-
ronment. Bose et al.  [  88  ]  showed simulation-based training 
in TEE to be a more effective education modality than the 
more traditional approach using textbooks and Web-based 
materials in terms of learners’ anatomic correlations, 
identi fi cation of structures, and manual skill in acquiring 
suitable images. Further studies validating the commercially 
available simulators are under way.   

   Obstetric Anesthesia 

 Simulation’s role in obstetric anesthesia includes acquisition 
of technical, communication, and teamwork skills; assess-
ment of provider and team performance; and evaluation of 
the safety of the care systems and environment  [  89  ] . As the 
use of regional anesthesia on the labor  fl oor has prevailed, 
there is concern that trainees will have limited opportunity to 
become familiar, let alone pro fi cient, at conducting an emer-
gent general anesthetic for delivery. It has been postulated 
that simulation would be an effective tool to  fi ll this clinical 
void for anesthesiology residents. Scavone developed a 
checklist to assess resident performance in simulated induc-
tion of general anesthesia for cesarean section and showed 
improved performance after simulation training when 
assessed in a simulated setting  [  90,   91  ] . 

 Daniels et al.  [  92  ]  studied labor and delivery teams con-
sisting of two to three nurses, one anesthesia resident, and one 
to two OB residents, who participated in a high- fi delity simu-
lation of an obstetric patient who develops epidural-induced 
hypotension followed by an amniotic  fl uid embolism. Gaps 
identi fi ed included poor communication with pediatrics, poor 
leadership skills during the code, poor distribution of work-
load, and lack of proper use of low outlet forceps. The study 
identi fi ed key areas of need for focused learning in both 
patient management and team skills. An indication of the key 
role that anesthesiologists play on the labor unit is evidenced 
by several comments by the authors on the key role played by 
anesthesiologists in critical emergencies and the need for 
obstetricians to practice similar management skills  [  92  ] . 
Several organizations strongly encourage regular participa-
tion in practice sessions or drills for on-site emergencies, 
focused on events such as maternal hemorrhage, eclampsia, 
shoulder dystocia, failed intubation, and cardiac arrest. In 
addition to focus on provider function, these in situ scenarios 
may reveal latent errors in the environment and sessions that 
potentially could hamper care or harm a patient  [  93  ] . 

 Recently, Lipman et al.  [  94  ]  identi fi ed a number of 
de fi ciencies in simulated intrapartum cardiac arrest on the 

labor unit. In another study of resuscitation of simulated 
intrapartum cardiac arrest  [  95  ] , teams were randomized to 
either stay in the labor room or to move the patient to the 
operating room; only 14% of teams moving to the OR were 
able to make incision for cesarean by 5 min. In addition, the 
teams that moved to the OR had more often performed poorer 
quality basic cardiopulmonary resuscitation, delayed intuba-
tion, and failed to call for pediatrics.  

   Pediatric Anesthesia 

 Pediatric anesthesia is an area of training in which duty-hour 
restrictions may have had particularly negative effects on case 
exposure. In the United Kingdom, for example, caseloads for 
pediatric anesthesia trainees have decreased below recom-
mended levels  [  5  ] . In addition, anesthesiologists may only 
occasionally be called on to care for children and then in an 
emergent or urgent setting. Since the outcomes of pediatric 
cardiac arrest are related to number of cases and experience, 
it is important for both trainees and practicing physicians to 
have access to simulated experience. In the pediatric literature 
a 4-year exposure to mock codes on a pediatric service using 
simulation improved resuscitation outcomes from 32 to 50% 
survival  [  96  ] . This has not yet been demonstrated speci fi cally 
for anesthesiology providers. 

 Edler et al. developed a portable system for in situ pediat-
ric anesthesia simulation. Participants evaluated the course as 
useful, enjoyable, and felt their expectations were met, and 
the scenarios were realistic  [  97  ] . Fehr et al. developed ten 
simulation scenarios re fl ecting those encountered in clinical 
pediatric anesthesia for use in assessment of residents and fel-
lows. More experienced subjects generally outperformed 
those less experienced. Score variance attributable to raters 
was low, yielding a high inter-rater reliability. There was a 
wide range of performance among the participants, even 
among those at equivalent levels of training  [  8  ] . Howard-
Quijano et al. studied anesthesia residents’ management of a 
simulated pediatric perioperative pulseless electrical activity 
arrest. Though chest compressions were initiated promptly, 
and epinephrine given, dosing was erroneous, and the differ-
ential diagnosis was often limited. The simulation evaluations 
were not compared to any other type of assessment  [  98  ] . 

 Malignant hyperthermia (MH) management is a common 
topic for pediatric simulation. Gardi et al.  [  99  ]  showed that 
while studying experienced anesthesiologists managing a 
simulated MH crisis, diagnosis was established quickly, dan-
trolene was effectively delivered, but hyperventilation was 
not carried out even though participants recognized it was 
needed, illustrating that simulation may uncover practical 
shortcomings in performance that are not necessarily knowl-
edge related. MH scenarios have also illustrated shortcom-
ings in team management as well as the value of cognitive 
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aids in crisis management  [  100,   101  ] . These kinds of studies 
and scenarios can be used to inform training modules after 
they uncover important knowledge gaps in a particular area.  

   Simulation for Anesthesia Allied 
Health Professionals 

   Certi fi ed Registered Nurse Anesthetists (CRNA) 
and Student CRNAs (SRNA) 
 Like anesthesiologists, CRNAs have naturally embraced the 
use of simulation for education and training  [  39,   102–  104  ] , 
and much of the discussion concerning anesthesiologist and 
anesthesia trainee simulation-based education and assess-
ment contained in this chapter has direct application to 
CRNAs  [  7,   105  ]  and SRNAs. Unlike the ASA and ABA, the 
American Association of Nurse Anesthetists (AANA) has 
not established requirements for the use of simulation for 
primary or maintenance of certi fi cation. One CRNA training 
program has however adopted the use of high- fi delity simu-
lation as one part of their admissions process for their CRNA 
school  [  106  ] .  

   Simulation for Anesthesia Assistants (AA) 
 Very little can be found in the literature concerning the 
use of simulation for training and evaluating anesthesia 
assistants, but like anesthesiologists, anesthesiology resi-
dents, CRNAs, and SRNAs, the application and value of 
simulation-based education and evaluation for AAs can be 
inferred. There are currently only seven AA programs in 
the United States offering the degree of Master of Science 
in Anesthesia, and the majority of them list simulation-
based courses in their curriculum (i.e., physiology model-
based simulation, anesthesia nontechnical skills). Although 
the use of simulation for AA certi fi cation was discussed 
at the 2009 annual national conference conducted by 
the American Academy of Anesthesiologist Assistants 
(AAAA), they, like the AANA, have made no formal state-
ments about the use of simulation for AA training, evalua-
tion, or certi fi cation. 

 Given the AAs unique role and training, the AAAA 
adheres to and maintains the importance of the Anesthesia 
Care Team model. In fact, AAs practice exclusively under 
the supervision of anesthesiologists. Naturally, simulation 
would be an important training tool to foster care team effec-
tiveness. Although AAs can perform technical aspects of the 
practice of anesthesia, like regional anesthesia and invasive 
line placements, when performed they must be carried out 
under the supervision, and with the express consent, of the 
attending anesthesiologist. It is logical to assume that the use 
of regional and invasive line part-task training would be 
valuable to the AA trainee and those in practices where expe-
rience may be limited.  

   Simulation for Non-anesthesia Providers 
  Sedation Nurses . Non-anesthesia personnel undergoing 
introduction to anesthesia training are common in most aca-
demic or training centers. Nurses are often expected to pro-
vide sedation, and the Joint Commission has tasked 
departments of anesthesia to be involved with personnel cre-
dentialing to provide sedation in a safe and appropriately 
monitored setting. The role of anesthesiologists is further 
demonstrated by the recent release of education materials to 
assist anesthesiologists in providing this type of training by 
the American Society of Anesthesiologists (ASA). Shavit 
et al.  [  107  ]  showed that non-anesthesiologists who had 
undergone simulation training in pediatric sedation per-
formed more safely in subsequent patient encounters, as 
measured by a checklist of safety standards, than did those 
who had not undergone the simulation training. Farnsworth 
et al.  [  108  ]  showed that adding a simulation component to a 
sedation course for nurses improved scores on postexercise 
written exam; the effect on clinical practice was not 
assessed. 

  Medical Students . Hallikainen et al.  [  109  ]  compared the 
outcomes of teaching anesthesia induction to medical stu-
dents in full-scale simulation versus supervised teaching in 
the operating theater. The simulation group not only did 
signi fi cantly better than the OR group but  fi ve to six students 
could be trained together in the simulator, while only one 
was trained at a time in the OR. This shows that simulation 
may be more ef fi cient as well as more effective than intraop-
erative teaching of novices.    

   Simulation for Assessment 

 Although competency assessment, that is, summative assess-
ment, is covered in great detail in Chap.   11     and high-stakes 
assessment, for licensure and professional certi fi cation, is 
covered in detail in Chap.   12    , for completeness it is worth 
brie fl y discussing simulation-based assessment within this 
chapter. 

 Assessment is commonly divided into formative (part of 
the learning process, allowing response and improvement, 
feedback, educational, or learner-centered in focus) and sum-
mative (sums up and applies terminology to the status of 
ability at a point in time, resulting in certi fi cation, licensure, 
or simply passing a course). 

 The effective use of simulation in assessment requires 
that appropriate metrics be developed. In scoring perfor-
mance in anesthesia simulation, two types of process have 
been identi fi ed, explicit and implicit. Checklists exemplify 
explicit process or key action lists. A scoring rubric is devel-
oped from these lists. However, there are several criticisms 
of this type of assessment. Despite the seemingly objective 
nature, there is inherent subjectivity in the construction of a 
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checklist. Experts will disagree about what belongs on a 
checklist, how important it is, in what order the tasks should 
be undertaken, and what items are “must do” (failed if absent) 
or “must not do” (failed if present). Checklists can encourage 
a rote or cookbook approach to management. Finally, timing/
sequencing is dif fi cult to incorporate into a checklist. Implicit 
process evaluation is demonstrated by the use of global or 
holistic ratings. In particular, complex competencies may be 
better evaluated using a rating scale than by partitioning into 
concrete behaviors on a checklist. Providing a rating rather 
than describing concrete steps calls for expert judgment. 
This type of assessment provides useful information on per-
formance, including the nontechnical skills. 

 Adequate training and quality assessment of raters is criti-
cal to ensuring the data developed is meaningful, yet such 
training and calibration is often overlooked even when exten-
sive time and effort have been devoted to developing the 
scale to be used. Many medical teachers  fi nd assigning a 
global score of 1–5 to a learner for “professionalism” or 
“communication” daunting. While psychometrics may be 
superior, and checking a number is certainly quicker than 
writing narrative content, such ratings fail to provide either 
the learner or program director with information suf fi cient to 
de fi ne steps for improvement. 

 A checklist, even if every expert would not follow every 
step, can be used to teach an acceptable approach to a skill 
such as placing an epidural catheter. Such a tool when com-
pleted and discussed with the learner presents detailed and 
speci fi c feedback that could be used to improve skills. 

 Many teachers see the oral examination as a demonstration 
of what a learner would do in a given clinical situation. It is the 
demonstration that he or she knows what to do with the cogni-
tive knowledge successfully demonstrated in a written exam (a 
prerequisite to advancing to the oral examination stage). 
However, this supposition has never been de fi nitively demon-
strated. Oral examination and simulation assessments measure 
different things—the oral exam lets the candidate demonstrate 
that he “knows how,” but the simulation exercise lets him “show 
how” he would manage the case. Savoldelli et al.  [  110  ]  used 
standardized evaluation tools to assess the performance of senior 
anesthesia residents who discussed an oral exam question then 
managed a different case with a similar degree of dif fi culty in a 
simulated setting. The authors found that the simulation trial 
assessed clinical judgment and skills with reliability equivalent 
to that of the oral exam. They noted that the simulation exercise 
allowed the examiners to observe suboptimal performance 
likely not detectable with the oral exam format, such as delay in 
performing chest compression after detecting loss of pulse and 
failure to perform a needle decompression of tension pneu-
mothorax. The simulation exercise also allowed the examiners 
to observe the precise timing and sequencing of care. Of note, 
every participant who received a “fail” in the simulation exer-
cise also received a “fail” in portions of the oral exam. 

 Israeli Anesthesia Board Examinations have incorporated 
simulation stations as an adjunct to their oral exams since 
2003  [  111  ] . Candidates go through  fi ve stations, each 15–20 
min long. Trauma and resuscitation stations evaluate concepts 
of Advanced Trauma Life Support (ATLS) and Advanced 
Cardiac Life Support (ACLS), respectively. A CRM station 
demonstrates nontechnical CRM skills during a scenario in 
which the examinee is called in to assist a colleague with a 
dif fi cult clinical situation. A ventilation station lets the candi-
date manage a ventilator attached to an arti fi cial lung and 
make changes as needed in response to compliance and arte-
rial blood gas changes. Finally a regional anesthesia station 
allows the candidate to demonstrate, with a standardized 
patient, surface anatomy landmarks, needle location, direc-
tion, dosing, and management of complications for various 
regional techniques  [  112  ] . Development of these simulations 
stations required the creation of detailed checklists of observ-
able behaviors, standardization of the scenarios, and training 
of examiners. Examinees are oriented to the scenario types 
and the environment 3–4 weeks in advance of the actual 
exam. For successful completion of the examination, the can-
didates must pass both the simulation stations and the oral 
exam. Examinees’ assessment of the dif fi culty of the simula-
tion stations varied, but they reported that the simulation sta-
tions were preferable to the oral exam portion. While no such 
system is currently used in the UK, the ABA has announced 
the inclusion of Objective Structured Clinical Examinations 
(OSCEs) to the 2016 oral examination.  

   Continuing Professional Development 
and Maintenance of Certi fi cation 
in Anesthesiology (MOCA) 

 Since 2000, anesthesiologists in the United States have 
earned a time-limited (10-year) board certi fi cation from the 
American Board of Anesthesiology (ABA). In order to renew 
board certi fi cation, anesthesiologists must participate in the 
Maintenance of Certi fi cation in Anesthesiology (MOCA) 
program administered by the ABA  [  12  ] . MOCA consists of 
four components: I—professional standing, II—lifelong 
learning and self-assessment, III—cognitive examination, 
and IV—practice performance assessment and improvement. 
A simulation exercise is required at least once in every 
10-year cycle as a component of part IV, practice perfor-
mance assessment. The candidate participates in a simulated 
critical event and debrie fi ng and through subsequent 
re fl ection, develops and executes a plan for improving knowl-
edge, skills, or practice. These exercises must occur at simu-
lation centers endorsed by the American Society of 
Anesthesiology (ASA) to ensure a quality offering  [  113  ] . 
Fellow participants in a MOCA simulation exercise are all 
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board certi fi ed anesthesiologists. During the 6- to 8-h day of 
simulation, scenario/debrief exercises cover topics that must 
include hemodynamic and respiratory instability and crew 
resource management. Scenarios should not be subspecialty-
based and should consist of cases that any board certi fi ed 
anesthesiologist should be able to manage. In addition, 
MOCA for anesthesia subspecialties (MOCA SUBS), in 
critical care and pain, are available at centers speci fi cally 
endorsed for those MOCA SUBS. Some centers may offer a 
MOCA simulation day with a speci fi c emphasis, for exam-
ple, pediatric anesthesia, but are required to clearly notify 
registrants of the speci fi c focus. 

 A MOCA simulation is not a summative assessment, that 
is, it is not a test, and a score is not generated. All feedback 
is formative, that is, constructive feedback to let the individ-
ual and teams function more effectively. At the end of the 
simulation exercise, participants develop a practice improve-
ment plan that lists the changes or enhancement to their skill 
set, knowledge, or changes in practice processes he/she 
desires to make. Between 30 and 90 days after that initial 
report, the participant will provide a progress report on their 
initial plan in order to earn credit for the simulation portion 
of MOCA. 

 The ABA is the  fi rst of the American medical specialty 
boards to make simulation part of its maintenance of 
certi fi cation requirements. The ASA endorsement program 
for simulation centers is one of three (ASA, American 
College of Surgery, and Society for Simulation in Healthcare) 
that are currently available in the USA.  

   The “Art” of Simulation in Anesthesia 

   Scenario Design 

 It is important to recognize that simulation is a powerful edu-
cational technique that should not be expected to supplant or 
replace an entire curriculum of lectures, problem-based 
learning, self-study, and clinical contact. Simulation exer-
cises are meant to enhance and supplement those other learn-
ing experiences by  fi lling knowledge and ability gaps and by 
addressing skills and topics that are ineffectively taught with 
other approaches. Simulation can also be used to create a 
safe structured experiential learning for cases that occur 
infrequently in clinical practice but for which management 
expertise is still expected. 

 When considering creating a scenario, simulation-based 
course, or an entire simulation-based curriculum in a training 
program, it is important to  fi rst identify several key funda-
mental elements that must be considered. In the text below 
we outline our approach to simulation-based curriculum 
development. 

   Identify Your Audience 
 Audience identi fi cation is critical when developing your 
simulation-based curriculum. Although the same simulation 
can be used for a variety of audiences with various levels of 
training, the goals and objectives, performance expectations, 
and debrie fi ng curriculum will vary greatly. For example, 
when developing a scenario of anaphylaxis-speci fi c expecta-
tions for performance, skill set and management would 
depend on the learners. Goals for medical students might 
simply be the recognition of a critical incident and calling for 
help. A junior resident would be expected to recognize the 
critical event, call for help, but also manage the physiologic 
perturbations. Senior residents and practitioners would also 
be expected to recognize and manage the patient in an expe-
ditious manner but would also be expected to work the patient 
up after the reaction, manage the patient should they come to 
the OR, and effectively educate and counsel the patient and 
other healthcare providers involved in the case. Even though 
the scenario might be ostensibly the same in all three situa-
tions, the objectives and the debrie fi ng curriculum would, 
therefore, be very different for each audience. 

 For junior learners, simulation provides an opportunity to 
recognize a critical problem, initiate management, and be the 
principle operator or team leader. In clinical practice junior 
trainees are often relegated to a peripheral role in manage-
ment of actual critical situations. Simulation is a unique 
opportunity for junior trainees to actually plan and carry out 
their care and experience the successes, pitfalls, limitations, 
and potential errors of their decision-making. What happens 
if one under-resuscitates a patient prior to induction? What if 
your dose of anesthetic agents is too high or too low? What 
if you forget to cross-check blood products before transfu-
sion, or proceed with surgery without con fi rming that blood 
is available? Frequently at the junior level, the technical per-
formance of the trainee is emphasized. At the more senior 
learner level, increasing emphasis is placed on human factors 
or nontechnical skills of management (e.g., communicating 
the problem to others in the room, managing the team, recog-
nition of and management of emotional stressors) in addition 
to practicing management of critical events. 

  Medical Students . Developing appropriate educational 
objectives for medical students not headed into a career in 
anesthesiology can be challenging. The medical student is 
usually far more interested in “doing” procedures and less in 
the processes and science of anesthesiology. Providing their 
early exposure to anesthesia practice in a simulated setting 
offers students the opportunity to manage a case and practice 
its attendant skill set without the pressures of time or risk to 
patients. Simulation allows pausing at key moments to dis-
cuss how and why decisions are made in patient manage-
ment. Task training with airway models, spinal models, and 
IV trainers can also give the very junior person opportunity 
to experience the basics of those skills. 
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 Our introduction to anesthesia course is offered in the second 
year of medical school to students who have had a modest 
amount of patient contact but no exposure to acute care. In the 
simulation center, faculty guide small groups of students through 
an anesthetic induction, breaking it down into the component 
steps: preoperative evaluation of the patient, setup of the room 
and equipment, anesthesia machine check, induction of general 
anesthesia including choice of drugs, bag-and-mask ventilation, 
intubation and con fi rmation of endotracheal tube placement, 
and  fi nally maintenance of anesthesia. The  fi rst simulated 
patient is healthy and responds to management as expected; the 
scenario is then repeated in a hypovolemic patient to highlight 
the consequences of volume depletion and show management 
of the subsequent hypotension. We pause the scenario at each 
step to discuss what has happened, anticipate what is likely to 
happen next, and to formulate a plan of action. 

 Another exercise appropriate for this level of learner treats 
the mannequin as a lab modeling the physiologic effects of 
hypovolemia, hypervolemia, hyperventilation, and hypoven-
tilation. Another exercise is to play “name that drug” in 
which the mannequin is given a drug, the effects are observed, 
and the learners speculate on the class and identity of the 
drug administered. 

  Sedation Nurses . Designing a curriculum to educate nurses 
to safety provide sedation must effectively meet cognitive and 
psychomotor skills needs. Necessary cognitive knowledge 
includes drug effects and dosing, common problems that may 
be encountered (hypoventilation, agitation, nausea, vomiting), 
record keeping, and familiarity with the procedure being per-
formed. Technical skills needed include placing intravenous 
access, airway management, recognition of hypoventilation, 
and operation of the monitoring equipment. Finally pro fi ciency 
in nontechnical skills is important, including leadership and 
communications skills adequate to respond to challenges and 
problems during sedation, deal professionally and safely with 
pressure to over-sedate a patient, and maintain situation aware-
ness. The cognitive knowledge items are probably as well 
learned through self-study or with Web-based products. The 
technical and nontechnical skills as well as the ability to apply 
the cognitive knowledge in a clinical setting can be practiced 
in simulation with re fl ection and improvement. 

  Anesthesiology Residents and Other Trainees . Simulation 
should be used strategically to enhance the current residency 
curriculum. If an area is already effectively covered by other 
means, it is redundant to put resources into creating simula-
tion for that area. Since July 1, 2011, the Accreditation 
Council for Graduate Medical Education (ACGME) has 
required anesthesia residents to participate in at least one 
simulation education exersise each year of training. Training 
programs are not required to have or use formal simulation 
centers for these experiences. The ACGME encourages mul-
tidisciplinary simulation when possible, endorses the sce-
nario/debrief model, and recommends that exercises 

incorporate the core competencies of medical knowledge, 
communication skills, professionalism, systems-based prac-
tice, and practice-based learning and improvement  [  11  ] . 

 Education and assessment must be clearly and consis-
tently kept separate and distinct. As soon as learners perceive 
they are being “tested,” the safe environment that a simula-
tion center strives to maintain is changed. 

 New residents may bene fi t from high- fi delity simulation 
to ingrain key behaviors needed for effective responses to 
common potentially adverse events. Novices need to reliably 
(1) recognize events are going awry, (2) call for help, and (3) 
manage the problem appropriately for 2 or 3 min until more 
de fi nitive help arrives. This helps the novice become a safe 
in-room provider and allows them to practice communica-
tion with the surgical team while carrying out universal ini-
tial steps of resuscitation. This training has been called 
“drownproo fi ng” which colorfully conveys the concept of 
teaching someone how to stay a fl oat until rescued. With this 
outcome in mind, the number of topics to be covered is rela-
tively small (see Table  17.2 ).  

 Within our residency program, novice residents are intro-
duced to CRM as outlined above as well as task training for 
airway, monitor usage, infusion pumps, and central line 
placement within the  fi rst 2 months. Subsequently, simula-
tion education in more advanced subspecialty-speci fi c topics 
is offered during the applicable clinical rotation. Learners 
are able to practice and apply the skills learned in the clinical 
rotation in more challenging formats in the simulator center 
with enhanced opportunity for re fl ection and feedback. The 
instructors are the same clinicians supervising the clinical 
rotations. Examples of simulation scenarios offered with 
speci fi c subspecialty rotations are shown in Tables  17.3 , 
 17.4 ,  17.5 , and  17.6 . Airway management techniques for 
both operative and nonoperative settings are reinforced with 
task trainer-based airway workshops on an annual basis.      

   Identify the Role Simulation Will Have 
in the Curriculum 
 We recommend that programs decide whether or not their 
simulation activities will focus on education, assessment, or 
both, since this determination will have signi fi cant rami fi cations 

   Table 17.2    Key problems that need to be managed by novice anesthesia 
residents   

 Hypotension 
 Hypertension 
 Cardiac rhythm changes 
 ST segment changes 
 Decreasing oxygen saturation 
 Increased airway pressures 
 Increased patient temperature 
 Undesired patient movement 
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on scenario design and assessment tool development. It needs 
to be clear to learners whether or not a simulation exercise will 
be used for education, in which formative feedback will be 
given, that is, constructive feedback, or used for assessment, in 
which a summative evaluation or a “score” is given. In an 
exercise in which formative feedback will be given, the par-
ticipant is in a safe environment, and mistakes should be seen 
as opportunities for discussion and improvement.  

 When simulation is used as part of a summative assess-
ment, mistakes may no longer serve as opportunities for 

 participant improvement but may in fact be educational 
obstacles to the participant. Scoring tools for both technical 
skills and nontechnical skills must be developed and vali-
dated. Finally the scenarios themselves must be completely 
reproducible so that each participant truly does have the 
same case  [  13,   111  ] . Challenges in developing reproduc-
ible, validated scenarios and assessment tools have led 
many simulation centers to primarily focus on using simu-
lation as an educational tool with formative assessment. 
This is not to say that summative assessments cannot be 
used; however, their use is complex and controversial to 
say the least.  

   Curriculum Development and Knowledge 
Gap Identi fi cation 
 Topics or cases for simulation should arise from a gap in 
the current curriculum. Examples are topics that have not 
traditionally been taught, for example, crew/crisis resource 
management, leadership and effective communication skills, 
and the management of rare and critical events, in which 
timely care can make the difference between life and death, 
including dif fi cult airway management, malignant hyper-
thermia, operating room  fi res, blood transfusion reactions, 
anaphylaxis, tension pneumothorax, pulmonary embolus, 
cardiac and respiratory arrest, and local anesthetic toxicity. 
If a particular knowledge or skill is successfully taught in 
the current curriculum, there is little incentive to invest the 
time and resources needed to develop a redundant simulation 
exercise. For each topic one needs to identify the knowledge 
gap being  fi lled as well as a set of speci fi c goals and objec-
tives taught. This will ensure that the scenario development 
will remain focused. 

 Conducting and observing participants’ performance in 
simulated scenarios will itself highlight common errors and 
may reveal a gap in training not previously appreciated. For 
example, we developed a simulation exercise focusing on the 
management of an emergent cesarean section under general 
anesthesia. After a few run-throughs it became clear that the 
learners had a poorly organized approach to managing the 
dif fi cult airway. We used this gap as the impetus to rewrite 
the scenario so that the main objective was mastering the 
management of the dif fi cult airway with less emphasis on the 
other aspects of the case (see Fig.  17.10 ). Once the airway 
objectives were achieved, subsequent scenarios focused on 
the other important aspects of emergent cesarean section 
management.  

 Some gaps or educational goals may not require high-
 fi delity simulation exercises to be  fi lled. For example, speci fi c 
knowledge gaps such as the dosing of resuscitation medica-
tions may be learned effectively with self-study or use of cogni-
tive aids. Task trainers or screen-based simulators may be an 
equally effective mode to  fi ll the gap, for example, confusion 
about operation of a new de fi brillator could be remedied 

   Table 17.3    Obstetric anesthesia rotation: simulation scenarios   

 Cesarean section under general anesthesia 
 Unanticipated dif fi cult airway after induction of general anesthesia 
for cesarean delivery 
 Intrapartum maternal cardiac arrest 
 Local anesthetic systemic toxicity 
 Eclampsia 
 Postpartum hemorrhage 
 The impaired obstetrics provider 

   Table 17.4    Cardiovascular anesthesia rotation: simulation scenarios   

 Weaning from cardiopulmonary bypass 
  Straightforward 
  Complicated 
 Open abdominal aortic aneurysm repair—unclamping the aorta 
 Management of intraoperative arrhythmias 
 The cardiopulmonary bypass machine 

   Table 17.5    Regional anesthesia rotation: simulation scenarios   

 Task trainers: ultrasound + gel models 
 High- fi delity simulation of: 
  High/total spinal 
  Local anesthetic systemic toxicity 
  Over-sedation of the regional anesthetic patient 
  Anaphylaxis 
  Panic attack 
  Myocardial ischemia 
   Retrobulbar block with local anesthetic uptake along optic nerve 

sheath 

   Table 17.6    Pediatric anesthesia rotation: simulation scenarios   

 Induction of general anesthesia challenges: 
  Bradycardia 
  Laryngospasm 
  Dif fi cult venous access 
  Airway management 
 Intraoperative pediatric cardiac arrest 
 Pediatric multiple trauma—emergency surgery 
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by practicing the operation of the de fi brillator in a small group 
without mobilizing all the other resources of a high- fi delity 
simulation. There is a maxim in the airline simulation industry 
that you only use as much sophistication in your simulation as 
is necessary to meet your objectives.  

   Utilization of Simulation Resources 
 Time in simulation is a  fi nite resource, so scenario topics must 
be prioritized. Should one create a scenario around the extremely 
rare events of line swap of medical gases, a bioterrorism attack, 
or intraoperative electrical power loss if you have not already 
covered more fundamental events? Planning should take into 
account how much simulation time each learner has and use that 
time wisely. Still, some fundamental rules apply. 

  Keep It Simple . There is a temptation to build scenarios 
around interesting cases, rather than  fi nding the curricular 
gaps that call for simulation techniques. Often as a scenario 
is created, it is made more complex than necessary, with the 
addition of dramatic shifts and multiple distracters, including 
a screaming family member, simply to stress the learner. 
Unnecessarily complex scenarios increase cognitive load for 
everyone. These scenarios are not only dif fi cult to stage and 
reproduce, they are confusing to participants and possibly 
the instructors, increasing the risk that a scenario will go 
down an unexpected pathway and spin out of control and fail 
miserably. We have observed that as simulation authors 
become more skilled, the scenarios become increasingly 
simple and straightforward. Every ingredient in the scenario 
is there for a speci fi c purpose tied to the learning objectives, 

not simply “to make the case more challenging” or “cooler.” 
If the learners  fi nish the exercise and cannot identify the 
learning objectives, it is unlikely that these goals were met at 
all. Simplicity allows the set goals and objectives to be clear 
to all by the debrie fi ng. 

  Ok .  Do Not Keep It Simple . There are times (e.g., with 
senior trainees or attending anesthesiologists) where the 
complexity of a scenario is deliberately increased to allow 
for the introduction of  fi nite skills and knowledge that would 
only be expected of this group. If a speci fi c task, like chest 
tube placement, is to be part of a high- fi delity simulation, we 
recommend that the learner should be familiar with the task 
before starting the scenario. If not, then a hands-on exercise 
focused on the skill should be completed before the scenario. 
Full-scale simulation should integrate that skill or task into 
the total picture of case management, working through its 
indications, contraindications, and potential consequences 
and complications. For example, one might start the day with 
a task trainer session on needle decompression of the chest 
for pneumothorax and perhaps even chest tube placement. 
Subsequently the learner manages a scenario in which a ten-
sion pneumothorax develops, and they are required to recog-
nize the need for needle decompression and perform it. The 
 fi nal scenario might present  fi ndings suggestive of tension 
pneumothorax; however, needle decompression of the chest 
does not solve the problem, forcing the learner to widen the 
differential diagnosis and enact another plan. 

 Many of these principles can be seen when reviewing an 
example scenario (see Table  17.7 ). We observed that our 
residents were not considering an adequate differential diag-
nosis of increasing agitation in patients undergoing regional 
anesthesia. We identi fi ed speci fi c objectives including recog-
nition and management of agitation and dyspnea in a patient 
undergoing cystoscopy. The patient does not deteriorate to a 
malignant rhythm, seize, or develop any other of the more 
dramatic potential outcomes since the objective is manage-
ment of agitation and respiratory distress.    

   Multidisciplinary Versus Single 
Discipline Simulation 

 The practice of anesthesiology is seldom done in isolation. 
The practice setting typically includes surgeons, other OR 
personnel, and recovery room and ICU staff, all with different 
backgrounds and roles. In an ideal world, simulation training 
would involve a variety of personnel from different disci-
plines. If the objectives of a simulation are very specialty 
speci fi c, there is probably less to be gained from the multidis-
ciplinary approach. One of the challenges with this approach 
is that the other roles in the scenario, for example, scrub nurse, 
surgeon, patient, and family member, will likely be played by 
anesthesia participants although some centers use medical 

  Fig. 17.10    Example of  fi nal securing of the airway in a patient with a 
dif fi cult airway at the time of cesarean section under general anesthetic. 
The learner has attempted direct laryngoscopy, laryngeal mask, and 
combi-tube and  fi nally did a surgical cricothyrotomy       
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   Table 17.7    An example of an anesthetic scenario with objectives identi fi ed and the actions of the scenario speci fi cally tailored to achieve those 
objectives   

  Title : Cystoscopy with bladder perforation 
  Audience : Anesthesia resident, SRNA 
  Objectives-Medical Knowledge : Identify potential problems associated with cystoscopy 
   Patient care : Management of unexpected agitation in a patient with spinal anesthesia and management of intraoperative dyspnea 
   Communication : Utilize crew resource management skills to successfully manage an intraoperative emergency 
  Case stem : Mr. Jones is a 70-year-old male with stable CAD, taking metoprolol and daily ASA and presenting for cystoscopy and fulguration 
for bladder cancer. Previous anesthetics have been uneventful. Spinal anesthesia has been successfully placed by your colleague with 1.5 ml of 
0.5% bupivacaine with 25 mcg of fentanyl and solid T6 block. Patient is resting comfortably with propofol infusion of 25 mcg/kg/min running. 
The cystoscopy has been under way for 5 min 
  Room setup : OR with patient in lithotomy position. Cystoscopy equipment with an irrigation bag. Patient covered with drapes. 
   Patient will have O 

2
  by nasal cannula, single IV with normal saline running, and propofol infusion. He will have ECG, BP cuff, pulse 

oximeter, and temperature probe 
  An anesthesia machine will be at the head of the bed with induction drugs and airway equipment available 
  State    Patient status    Learner actions  
 Baseline  Drowsy but responsive  After handoff, introduces himself to 

the patient and surgeon, checks IVs, 
infusions and monitor 

 If learner does not introduce himself within 
1 min, the surgeon will initiate intros 

 HR 60, NSR; RR 10, BP 115/84, Sat 
100%, T 37 

 Inquire of the surgeon what the 
problem is 

 After 2 min the surgeon will complain that 
he is having trouble seeing and will ask that 
the irrigation be turned up higher 

 Agitation  Patient gets agitated and would not lay 
still. He will not answer questions 

 Generates a differential diagnosis of 
agitation and confusion 

 Surgeon complains that he cannot work 
with the patient moving all around but 
states he has increased bleeding in bladder 

 VS as above except BP 150/90, RR 15, 
Sat 95% 

 Draws Na  Asks for irrigation to be increased 
 Asks surgeon if anything has changed 
on his end 

 Dyspnea  Patient continues to be confused and 
agitated. 

 Recognition of respiratory failure  If he does not intubate within 2 min, go to 
deterioration 

 HR 85, BP 175/90, RR 30, Sat 89%  Assist breathing, consider conversion 
to GA and intubation: if intubates, go 
to stabilizes 
 Tell surgeon and room that there are 
problems 

 Deterioration  Patient is unresponsive but gasping. HR 
100, BP 84/60, RR 35, Sat 70%, NSR 
with PVC’s 

 Assists ventilation and intubation  Surgeon and OR nurse ask if there is a 
problem 

 Consider pressors, e.g., ephedrine or 
phenylephrine 

 Will stay in this state if nothing is done 
until the patient is intubated or instructor 
decides to help the learner 

 Stabilizes  Patient is intubated, HR 90, BP 100/70, 
Sat 95%, decreased compliance 

 Articulates induction drugs  Surgeon comments on tense abdomen 
 Anticipates hemodynamic instability 
with induction 

 If learner does not consider it, surgeon will 
offer that he may have perforated bladder 

 Generates Ddx for decompensation 
and shares it with surgeon 

 Develop a plan for abdominal exploration 

  Discussion points : Ddx for agitation in sedated patient under functioning regional anesthesia (hypoxia, hypercapnia, high block, electrolyte 
abnormality, hypoglycemia, disinhibition with sedation, surgical stimulation moving beyond blocked area) 
  Any special considerations for cystoscopy (bladder perforation, hyponatremia with systemic absorption of irrigation solution)? 
  Why did the patient become dyspneic (abdominal pain, abdominal distension and displacement of diaphragm)? 
  Did the hypoxia come  fi rst and then the dyspnea or the other way around? 
   Were the surgeon and OR crew aware of your problems—what was the help that you needed (labs, lights on, someone to assist with 

induction/intubation, info that the surgeon could share)? 
   What special concerns are there for converting this case to general anesthesia (decreased venous return and risk of post-induction hypoten-

sion, decreased FRC and risk of desaturation with apnea, airway management during suboptimal circumstances, e.g., airway assessment, 
draped patient)? 

   What could be done to mitigate these challenges (   tell surgeon and OR staff of need to convert, designate one of the OR staff to assist you 
with induction, move drapes back for patient, check of induction drugs and airway equipment, adequate preoxygenation assisting patient 
with his ventilation, having pressors immediately at hand?) 
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students, educators, and actors to portray other roles (confed-
erates) in the scenario. It is imperative that the confederates 
have a clear understanding of their purpose, their limitations, 
and how helpful they should be and that they must forget that 
they are anesthesiologists. On the other hand if the objectives 
include management of problems where input from different 
disciplines is critical, the effort to develop a multidisciplinary 
exercise may well be worth the effort. 

 An example of multidisciplinary simulation training that 
we found to be very successful centered on an OR  fi re. In this 
scenario, anesthesiology personnel are working side by side 
with OR personnel. A simulated  fi re breaks out and manage-
ment requires stopping excess oxygen, removing burning 
drapes, ensuring that the  fi re is in fact out, activating a call 
for help, and subsequently caring for any injuries to the 
patient (see Fig.  17.11 ).  

 During the debrief,  fi re prevention and management were 
covered, but a rich discussion ensued around each person’s 
responsibilities in the OR and how each can assist the other. 
It also provided an opportunity to explore how our  fi re man-
agement policies are drafted and to identify both misconcep-
tions and unclear areas in the drafted policy. 

 Simply getting a team together outside of their usual clin-
ical setting to meet and discuss problems can often be team 
building in addition to the richness associated with the simu-
lation exercise. Breaking through the barriers of hierarchy 
and learning to know one another as individuals is often eas-
ier outside of the usual workspace.  

   Logistics: Dedicated Simulation Center 
Versus Simulation In Situ 

   Dedicated Simulation Center 
 High- fi delity simulation exercises may be carried out in a ded-
icated simulation center, in which simulated clinical space and 
equipment as well as the mannequin are all available. 
Advantages of this approach include complete control over the 
setting, equipment, staf fi ng, and scheduling. Audio and video 
recording capabilities tend also to be more sophisticated. 
Finally, participants and instructors will be less likely to be 
interrupted and called away for clinical duties if they are in a 
separate nonclinical setting. Disadvantages include dif fi culty 
in getting people to the simulation center, particularly if it is 
far from the clinical areas. Finally, in spite of best efforts and 
signi fi cant resources, a simulation center simply cannot recre-
ate the clinical work space in precise and exact detail.  

   Simulation In Situ 
 An alternative approach is “simulation in situ,” in which 
simulation equipment is brought to a clinical area. Advantages 
include that the clinical and training spaces are exactly alike 
(enhancing suspension of disbelief), and it is quicker and 
easier to get participants to the simulation location, particu-
larly important for short exercises and multidisciplinary par-
ticipation. In addition to seeing how participants perform, 
simulation in situ also reveals how the system and physical 
space function and allows participants hands-on experience 
with new equipment if that is the goal of the simulation (e.g., 
new anesthesia workstation, IV pumps). 

 In situ simulation can also allow for “just-in-time” task 
training, for example, rehearsal of a task on a trainer, just 
prior to completing the task in a clinical setting. In situ simu-
lation provides the opportunity to do short quick exercises 
between clinical responsibilities or even reenact clinical sce-
narios that have just played out. However, scenarios that are 
done on an impromptu basis will have limited sophistication 
due to the inability to plan in detail and assemble a simula-
tion team quickly. Simulation in a more public setting will 
increase visibility of a simulation program for other depart-
ments, learners, clinicians, and leaders as well. 

 Simulation in situ does have some disadvantages com-
pared to a dedicated simulation center: support personnel 
and equipment may not work as smoothly in non-dedicated 
space, “ownership” of equipment and responsibility for its 
use and maintenance is less clear, and scheduling simulation 
exercises as clinical activity and staf fi ng varies can be chal-
lenging. Learners and instructors may be less able to focus 
and engage with the simulation if distracted by clinical 
responsibilities, patients/families/other staff may be dis-
turbed, and  fi nally, assuring psychological safety in a multi-
disciplinary exercise in one’s daily work site can be 

  Fig. 17.11    Scenario of a drape  fi re moments after it ignites in patient 
who is undergoing a super fi cial surgery of his right neck under seda-
tion. The anesthesiologist has just discontinued oxygen, and he and the 
scrub nurse are removing the drapes       
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problematic due to public exposure and imbedded hierar-
chies and cultural expectations.   

   Logistics: Running the Scenario and Putting 
It All Together 

   Consider the Simulator’s Capabilities 
in Your Scenario Design 
 Once one has decided on a topic, objectives, audience, and 
location and drafted a clinical story that will form the basis of 
the scenario, the simulation equipment and personnel required 
will need to be considered. Ensure the scenario takes into 
account the strengths and weaknesses of the equipment and 
physical space. For example, if heart sounds are dif fi cult to 
hear and interpret on a particular mannequin, do not create a 
scenario in which noticing changes in heart sounds is critical 
to successful management. To make successful management 
of a scenario contingent on recognition of clinical signs that 
are poorly replicated on the mannequin is frustrating both for 
learners and instructors. Develop plausible alternatives that get 
clinical  fi ndings across to the participants: create other clinical 
evidence that would accompany the clinical condition being 
portrayed or use a confederate to pass the information to them. 
For example, suppose you wanted to portray a seizure and 
your mannequin does not have “seizure capabilities.” One 
could have the mannequin stop responding to the learners, 
close its eyes, change its respiratory pattern, and increase its 
heart rate, all features that may accompany a seizure, and ulti-
mately have one of the confederates in the room comment on 
seizure activity, perhaps shaking the mannequin’s leg or bump-
ing the bed. Ultimately one needs to ask how much  fi delity is 
needed to achieve the objectives of the exercise.  

   Programming the Simulator 
  Preprogrammed . Control of the mannequin as its physiol-
ogy changes throughout the case may be completely pre-
programmed, in which physiologic changes occur based on 
activities sensed by the mannequin, for example, pulse checks, 
ventilation, or at predetermined times. Preprogramming is 
advantageous if you want multiple physiological changes to 
occur simultaneously, for example, a rise in heart rate and 
respiratory rate, with a fall in blood pressure and oxygen 
saturation, or if the scenario should be consistent each time 
it is run, important if summative assessments will be made. 
Unfortunately, the sensing mechanisms on many of the man-
nequins can be inconsistent leading to erroneous movement 
from physiological state to state. This can mislead the par-
ticipants and send the scenario down an unexpected pathway. 
In addition, it does not permit you to adjust the scenario on 
the  fl y in response to the participants’ performance. 

  On the Fly . The opposite extreme is to have all physiolog-
ical changes controlled manually by an operator. Advantages 

to operator control include the ability to respond to unantici-
pated actions by the learners, nudge them toward desired 
pathways, and emphasize  fi ndings not being noticed, as you 
directly observe their actions and respond accordingly. 
However, disadvantages include the challenge of making 
many changes quickly, possibly missing some actions of 
learners, and making changes that are inconsistent from 
group to group doing the same scenario. 

  We recommend a hybrid approach  in which prede fi ned 
physiological sets of physiological changes are de fi ned, but 
the operator controls the transition from state to state based 
on the learners interventions and  fi ne-tuning the mannequin’s 
responses as needed.  

   De fi ning the Role of Confederates and Participants 
 In addition to describing how the mannequin reacts as the 
case progresses, one needs to prospectively identify the roles 
of the people who will be in the room and what they should 
do. We will usually have at least one “confederate” in the 
scenario room from the simulation center staff. They are in 
communication with the simulation control room, prompt 
the participants as needed, provide supplies, and act as the 
eyes and ears of the control room for interactions that would 
otherwise be missed. Other roles in the scenario are fre-
quently assigned to participants in the simulation session; 
however, it is necessary that they have a clear description of 
their role, including dialogue, how helpful they should be, 
what their skill set is, and their emotional state. In a multidis-
ciplinary simulation scenario, we will usually assign partici-
pants to roles that mimic their regular duties. 

 One must explicitly decide what information to provide to 
the participant leading the case, the “hot-seat” person or “star,” 
before he/she enters the room. We will typically do this as a 
handoff from another caregiver (usually a confederate). The 
adequacy of the handoff depends on the objectives, for example, 
it may be complete and thorough or too brief or misleading.  

   Before Starting 
  The Dress Rehearsal . Ultimately, prior to running the sce-
nario with actual learners, a dry run with simulation center 
staff can help to highlight potential problem areas. A com-
mon error on the part of novice instructors is to think that a 
good teacher can walk into a simulator and create a good 
learning experience on the  fl y. Not only is this unlikely to 
provide a good learning opportunity for the residents, it is 
extremely challenging for simulation center staff to facilitate 
a smooth running scenario with necessary supplies and 
equipment available. 

  Orientation Is Critical . Typically a simulation session 
will consist of a number of simulation scenarios/debrief 
exercises. Prior to beginning the exercise, learners are thor-
oughly introduced to the setting, made aware of the rules of 
the simulation center, especially con fi dentiality, and are 
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assured that this is a safe place for learning—errors are com-
mon and expected. Learners should be introduced to the 
technology that they will be using, including the use and 
limitations of the clinical equipment available, as well as the 
salient features of the mannequin. When learners come to the 
simulation center for the  fi rst time, we give them an opportu-
nity to see the mannequin prior to any scenario, encouraging 
them to feel the pulses, listen to heart and breath sounds, see 
him breathing, and interact with him. We have found that 
rather than saying “here is the mannequin, feel here for a 
pulse,” we introduce the learners to the mannequin as if it 
were a patient, including introducing him by name, having 
the mannequin respond, asking permission to listen to his 
chest and so on. This helps to set the expectation of interact-
ing with the mannequin as if it were a patient, with respect 
and consideration.  

   Strategies to Contend with Hyper-vigilance, 
Pattern Matching, and Other Behaviors 
Common in the Simulated Environment 
 When participants are in a simulation session, they expect the 
worst to happen and are frequently hyper-vigilant, overreact-
ing to minor changes in physiology. There is also the risk of 
“pattern matching” after a scenario, in which the learners may 
come away from the scenario with a bias that every instance 
of a particular physiological change is the clinical problem 
that they saw in the scenario rather than considering a differ-
ential diagnosis after initial resuscitation. One strategy is to 
build a session around a theme with a number of scenarios, 
each starting out with the same clinical situation going down 
different pathways. An example is a simulation session in 
which a patient who is undergoing peri-lumbar or psoas nerve 
block becomes unstable  [  76  ] , but from that point the simula-
tion evolves into different scenarios including local anes-
thetic-induced seizure, local anesthetic-induced cardiac 
toxicity, tachycardia and myocardial ischemia (unrelated to 
local anesthetic), high spinal, and panic attack—all from the 
same initial case—reinforcing the necessity of developing 
differential diagnoses, avoiding pattern matching, and recog-
nizing the similarities and differences of the therapy for each. 
It also provides an opportunity to discuss the consequences of 
proceeding down the wrong pathway and methods of recov-
ery from that wrong step. Another strategy, which presents 
some logistical challenges, is simulation roulette  [  114  ]  in 
which the course of the scenario from its stem is determined 
by chance from a number of different possibilities, some of 
which may be completely benign. This can avoid some of the 
over-vigilance and excessively aggressive therapy that is seen 
in simulation. The case shown in Table  17.7 , in which a 
patient undergoing cystoscopy suffers a bladder perforation 
and requires conversion to general anesthesia, was part of a 
series of scenarios that were staged one after another around 
the theme of the agitated patient.  

   Troubleshooting a Scenario or Rescuing 
a Scenario Gone Awry 
 Despite everyone’s best efforts in developing a well-thought-
out and rehearsed scenario, there are a variety of reasons why 
a scenario might fail to go as planned, and educators and staff 
need to be prepared with strategies to rescue the derailed or 
failing scenario. The reasons a scenario can go off course 
include issues with the learners, the scenario, and technical 
problems. Below is a discussion of each and effective ways to 
contend with and learn from the “failed scenario.” 

  Learner Issues . A scenario may go awry when the learners 
go down a management pathway that the scenario author did 
not anticipate  [  115  ] . This can occur when learners do not 
understand what the scenario portrays. Gaps in the partici-
pants’ knowledge base, missing important signs, or faults in 
the scenario design may contribute. During the scenario, the 
exercise may be “rescued” if the confederate “nudges” the 
participants in the correct direction by commenting on 
 fi ndings that the participants have overlooked or misinter-
preted (“I don’t think the patient’s chest is moving; what do 
you think?”) or even suggesting therapies (“I’ve often seen 
the senior people in the department give epinephrine in this 
case”). Another confederate (“the nursing supervisor”) may 
be sent into the room to “help out” and guide the scenario 
onto the right track. Both of these strategies can maintain 
some sense of realism while effectively bringing the scenario 
back to the objectives. A  fi nal approach is the “voice from 
above” in which the scenario director announces into the 
room what they want the participants to see, with the scenario 
functionally being paused for a moment and then restarted. 

 A participant in the scenario may do something completely 
unanticipated. Occasionally one of the participants who is in a 
supporting role may go “off script.” For example, a participant 
assigned the role of an anesthesia assistant in one of our scenar-
ios went “off script” and acted sullen and unhelpful to the learner 
on the hot seat, much to the instructor’s dismay. The instructor 
worried that the learner on the hot seat, managing an unantici-
pated inability to intubate or ventilate after induction of general 
anesthesia for cesarean section, would not have a good learning 
experience due to this additional stressor. However, close obser-
vation showed that the learner was taking his colleague’s impro-
visation completely in stride. During debrie fi ng, this offered an 
unexpected learning opportunity as possible management and 
communication strategies in the face of unhelpful team members 
were discussed. These unexpected events may signal to the sce-
nario author that the script for a given role needs clari fi cation and 
 fi rmer boundaries. Still, the ability to recognize and smoothly 
exploit these unanticipated opportunities during the debrie fi ng is 
a skill to be developed in instructors. 

 Controlling the “mood” of the scenario, particularly with 
 fi rst-time simulation participants, may be challenging. Buy-in of 
the participants to the whole simulation experience is critical; this 
can be enhanced with a thoughtful introduction that lays out the 
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ground rules of the simulation activity. It is frustrating to see 
learners joking or bantering with each other at the beginning of 
the scenario. A confederate may need to tweak the emotional 
atmosphere in the scenario by challenging them as he might if 
people were acting inappropriately in front of patients, for exam-
ple, “the patient seems to be getting upset with your remarks” or 
“who are you?” The mannequin/patient may begin to cry or 
comment on the unprofessionalism of the caregivers, giving a 
wake-up call for the team that they need to think of the manne-
quin as a living patient, bringing them back into the scenario. We 
have found that reminding participants of the vulnerability of 
patients, with a sad or worried patient comment, is usually more 
effective than a confrontational patient who challenges them on 
their behavior. Instructors need to recognize though that levity at 
the beginning of a scenario may re fl ect anxiety on the part of the 
learner and this should not be negatively perceived. 

 Occasionally one may encounter a dif fi cult learner who 
resists engaging and participating as expected. During the 
introductory remarks, it is important to emphasize the need for 
all members of the session to embrace the experience in order 
that the entire group is able to make the most of the learning 
opportunities; an uncooperative learner not only limits his or 
her own learning but may disrupt the scenario for all. When a 
learner is not performing as expected, one approach is to have 
the scenario progress as it would in real life: a cursory exam, 
rude or dismissive behavior, or failure to inject medications 
results in logical consequences such as misdiagnosis, an unco-
operative team member or angry patient, or worsening vital 
signs or pain. Thus, the learner and the team are forced to deal 
with the outcomes, reinforcing the “ fi ctional contract.” During 
the debrie fi ng, one needs to let the dif fi cult learner vent and 
then acknowledge perceived shortcomings of the scenario 
while keeping the focus on learning from the scenario. The 
dif fi cult learner and his or her concerns must be dealt with 
proactively to avoid contaminating the entire debrief. This 
“bump in the road” may also provide an opportunity during 
debrie fi ng to discuss issues related to professionalism. 

 A learner may become upset during or immediately after 
his performance during a scenario. This may be due to a dis-
appointing performance or because the scenario itself is trau-
matic or uncovers painful past experiences. The emotion 
should be gently acknowledged during the debrief: “I sense 
that you are upset.” Usually the others in the learner group 
are very supportive of their colleague, and can be asked if 
they have experienced similar situations, moving the focus 
away from one individual’s performance and toward devel-
oping solutions to improve management in the future. 

  Scenario Issues . Shortcomings in the design and staging 
of a scenario may also lead to the scenario unfolding in unin-
tended ways. The scenario should be matched to the level of 
the participants—too simple or, more commonly, too com-
plex a scenario may cause participants to be distracted by a 
single task or concept that is not one of the objectives. This 

can be a problem when a simulation center has a library of 
scenarios and an instructor uses one without appreciating the 
audience’s unique needs. If a scenario is not perceived as 
“believable,” for instance, if the case presented is unusual or 
implausible, buy-in can be a problem. Basing a scenario, or 
at least core theme of a scenario, on actual cases can be help-
ful when the “plausibility” of the scenario comes up in the 
debrief session. A good approach during the debrief is to ask, 
“Has anyone seen a case similar to this?” 

  Technical Issues . Major technical failure, for example, the 
mannequin fails, is inevitable and will usually mean the sce-
nario needs to stop. We have found that halting the scenario 
until the issue is resolved and then trying to restart the sce-
nario from that point usually does not work well, since the 
buy-in and momentum have been lost. We will often abandon 
that scenario, but debrief about what has happened up to that 
point and discuss how the scenario might progress, so the par-
tial scenario and debrief evolves into a problem-based learn-
ing discussion. We have a post-simulation debrie fi ng with the 
simulation center staff and instructors after every simulation 
session to address technical failures and develop solutions. 

 At the end of a scenario that did not go as anticipated, the 
short-term goal is deciding how to utilize what transpired in 
the debrief. The longer-term goal is to decide how to modify 
the scenario and its execution so that the scenario will run in 
a more predictable manner in the future.  

   Debrie fi ng 
 Participating in a high- fi delity simulation without a debrief is 
simply playing in the sandbox. The debrief gives participants 
an opportunity to analyze their behaviors in a guided fashion 
to develop the skills of self-re fl ection as well as to speci fi cally 
develop a plan or strategy to improve future performance. 
Debrie fi ng is a critical component of simulation and thus is 
covered in great detail in Chaps.   6     and   7    , but for complete-
ness a brief discussion will be included here as well. 

 During the debrie fi ng session that follows a scenario, the 
“hot-seat” participant, as well as the other learners involved, 
discusses what occurred. The debrie fi ng allows the partici-
pants to re fl ect upon the case, identify points of strength, 
opportunities for improvement, and uncover the thought pro-
cesses and events that led to key management decisions. The 
emotional aspects of the scenario performance must also be 
acknowledged. This is usually most effective if done before 
any other analysis of performance occurs.   

   Debrie fi ng Techniques 

   Holistic 
 This approach is arguably best. The learner is asked how the 
scenario went and his or her emotional state is taken into 
account. Then a thorough discussion of the good and the bad 
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during the scenario is done with an emphasis on areas for 
improvement as well as the “victories” that may have occurred 
during the scenario. Models for this sort of debrie fi ng are dis-
cussed elsewhere in the text.  

   The Checklist Approach 
 The checklist approach to debrie fi ng, in which a list of 
expected best behaviors is compared with the observed 
behavior, is probably best suited to technical skills, for 
example, airway management and less experienced practi-
tioners. The challenge with developing a checklist for more 
complicated clinical situations is deciding what actually 
constitutes best behaviors given the multitude of ways to 
solve a clinical problem. Scavone  [  90  ]  described the devel-
opment of a checklist for management of cesarean section 
under general anesthesia, using a rigorous approach. Each 
clinical problem or complex task will require a separate 
checklist. Checklists for nontechnical or human factors 
skills have been developed, for example, the Anesthesia 
Nontechnical Skills (ANTS)  [  39,   41  ] , evaluating task man-
agement, teamwork, situational awareness, and decision-
making, with well-developed criteria for each. 

 The debrie fi ng faculty may primarily facilitate learners’ 
re fl ection upon the scenario to uncover performance issues 
both technical and nontechnical in nature. When multidisci-
plinary simulation exercises occur, the debriefer must take 
into account the different roles of people around the table 
and encourage input by all. In addition to covering the objec-
tives of a scenario, it is an opportunity to demonstrate and 
reinforce the skills of re fl ection, analysis, and for the genera-
tion of a plan for improvement. This is the rationale for inte-
grating simulation into part IV, the practice performance 
assessment and improvement portion of MOCA.  

   The Start-Stop Technique 
 Another model that presents an alternative to that of scenario 
followed by debrief is a start-stop technique. An instructor is in 
the simulation room; when the case comes to a point requiring 
a decision, the scenario pauses while the instructor and learners 
discuss options and determine the next action; the scenario then 
proceeds ahead to its conclusion. We use this technique with 
medical students who have minimally developed clinical skills. 
There is evidence that learners, even very junior ones, do not 
care for the start-stop approach, and think they bene fi t more 
from debrie fi ng after a completed scenario  [  116  ] .    

   Barriers and Challenges to Simulation 
Utilization in Anesthesia 

 Skepticism about the utility of simulation in anesthesia train-
ing and practice is being pushed to the wayside by regulatory 
requirements for simulation in anesthesia residencies  [  11  ]  

and MOCA  [  12  ] . Residency programs will be required to 
either develop their own simulation programs or contract the 
simulation training of their residents out to established simu-
lation centers. 

 A bigger barrier to building a simulation program is rec-
ognition that it is a very personnel and resource-intensive 
undertaking. In budgeting for the operation of a simulation 
program, the capital expenditure for space and equipment is 
only part of the success of a program. Support for simulation 
personnel and instructors must be part of budgeting. 
Developing a simulation exercise requires time not only to 
author it but time needs to be budgeted for communication 
with the simulation center for programming, practicing, and 
staging, making for a far larger commitment of time for an 
instructor than authoring a presentation for lecture. 

 Scheduling time away from clinical duties for simulation 
can be challenging. Unlike other educational experiences 
where participants can arrive late or can break away to take 
calls, a simulation exercise requires participants’ uninter-
rupted attention. A learner might “catch” part of a lecture and 
reap a partial bene fi t, but attending only a part of a scenario 
(minus brie fi ng, context, and debrie fi ng) is unlikely to have 
much value and may destroy the experience for the other par-
ticipants. Organizing multidisciplinary simulations presents 
even greater challenges as schedules must be coordinated 
across multiple groups, for example, anesthesia OR timeta-
bles, surgical departments, and nursing departments. In fact, 
we have found scheduling challenges to be our biggest obsta-
cle to multidisciplinary simulation. Only by convincing the 
leadership of each involved group of the value of simulation 
experiences will the necessary changes in scheduling occur. 

 Another barrier is participant’s reluctance to attend, which 
may be due to perception that simulation is not a good learn-
ing experience, fear of embarrassment, or concern about a 
negative effect on evaluations and grades. Well-designed and 
executed exercises that respond to learner feedback, estab-
lish a safe learning environment, and emphasize learning 
outcomes are important. Thoughtful review of policies and 
practices within the simulation center is in order to ensure 
that all instructors keep the simulation center “safe” and that 
introductory comments emphasize the commitment to keep-
ing the simulation center a “safe” place. Finally maintaining 
a barrier between assessment sessions and learning sessions 
will also help to foster the idea of “safety.”  

   Novel Uses of Simulation in Anesthesia 

 Simulation allows new policies, protocols, and procedures to 
be “test-driven” in a simulated clinical setting with enhanced 
ability to analyze impact. New equipment can be explored in 
a simulated setting to identify design  fl aws or  fi nd problems 
in the user-device interactions that may require additional 
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training. For example, we began a new service in which 
sedation nurses would provide sedation services at the bed-
side. The nurse would bring a sedation cart that had monitor-
ing and resuscitation equipment, medications, and other 
supplies. A number of simulation exercises using these carts 
were conducted with the initial intention of practicing criti-
cal event management. However, during these sessions 
accessing emergency supplies was seen to be dif fi cult due to 
the placement of equipment on the cart. The carts were reor-
ganized and further simulation exercises showed improved 
performance. Without the simulation exercise, the subopti-
mal cart layout would likely not have been identi fi ed until a 
clinical emergency occurred. 

 Simulation in situ can be used to “test” a physical space as 
well. Simulation exercises revealed that being able to quickly 
reach a face mask in our ICU was challenging due to its loca-
tion. In daily practice the respiratory therapists put the masks 
and equipment together and so were providing a work-around 
that hid the underlying problem.  

   Conclusions 

 Strong evidence supporting the superiority of simulation to 
other education modalities in changing clinical outcomes is 
growing slowly. Clearly there is a role for simulation in 
ensuring that learners are exposed to a core set of clinical 
situations and have an opportunity to manage them indepen-
dently. It allows instructors to observe and provide feedback 
on that management and can assist in identifying gaps in per-
formance or systems. 

 The challenge comes with providing  fi rm evidence that 
simulation training is more effective than other forms of 
training in changing patient outcomes within anesthesia. 
Researchers have consistently shown that simulation train-
ing is more effective than didactic training or no training at 
all if the measure of success is performance on a simulated 
case. They have consistently shown that more experienced 
people manage simulated crises more effectively than less 
experienced personnel. In addition, people “enjoy” simu-
lation and feel more con fi dent after a simulation session. 
Translating these observations into showing that simula-
tion is actually improving clinical outcomes, making our 
hospitals safer places, making teams function more effec-
tively, helping learners to succeed more quickly, and help-
ing professionals continue to grow more effectively is 
where the future focus of simulation research must con-
centrate. We need research showing simulation is effective 
higher up the levels of educational evaluation as outlined 
in Table  17.1 . 

 Simulation is just one of many tools in the educator’s 
armamentarium. One must thoughtfully plan for what parts 
of a curriculum are most effectively delivered by simulation. 

To simply try to move an entire curriculum to a simulation-
based program may not utilize resources ef fi ciently. 

 Multidisciplinary simulation is exciting and enables learn-
ing with the teams you practice with; however, the logistics 
of scheduling can be challenging. Simulation may occur in a 
dedicated simulation center or in situ, and each location has 
its advantages and disadvantages. 

 Design of a scenario must take into account the audience 
served, the gaps that you are trying to meet, your prede fi ned 
objectives, and the practicalities of what your simulation 
center can offer, taking into account both equipment and per-
sonnel. Simulations can fail because a scenario is not appro-
priate for the audience, depends too heavily on subtle signs 
and symptoms not well portrayed by the equipment, or is 
misinterpreted by participants who then take a management 
path unanticipated by the scenario author. Alternatively 
equipment may fail altogether. Flexibility on the part of the 
instructor both during the scenario and debrief can minimize 
the consequences of the scenario not running smoothly. 

 High- fi delity simulation can be used to address both tech-
nical-/knowledge-based topics through management of clini-
cal problems and nontechnical skills using crew resource 
management concepts. The goal of a task trainer is not to 
make an expert out of a learner but rather move him through 
the novice phase more quickly. Hence, ultrahigh  fi delity is 
not necessarily a requirement for all task trainers. Task train-
ers do not replace patient contact but rather make patient 
contact safer, more comfortable, and maximizes the learning 
opportunities. In addition to considering simulation as an 
educational tool to help providers improve, one can also con-
sider it as a tool to help systems improve, with identi fi cation 
of procedural, equipment, or structural shortcomings.      
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          Introduction 

 The diagnostic abilities associated with the practice of non-
invasive cardiology are, in many ways, a set of fundamental 
skills that most healthcare providers are expected to possess. 
Indeed, one of the  fi rst physical diagnostic skills medical stu-
dents are exposed to and expected to acquire is minimal 
competence with cardiac auscultation. Recently many health-
care educators believe that the ability to visualize the heart 
and determine its functional status may supplant the ability 
to listen to heart sounds. Some have gone so far to call the 
echo probe the “new stethoscope.” In light of this develop-
ment, basic echocardiography will likely  fi nd its way into 
early medical school curriculums and physical diagnosis 
courses. In any case the noninvasive cardiac exam has 
evolved over time, but fundamental physical diagnostic skills 
remain a core competency for the cardiologist as well as any 
provider. Although these skills can and will be taught on 
actual patients with limited risk or harm, the ability to pre-
dictably expose all students to a given set of normal and 
pathologic sounds and images makes simulation a powerful 
tool in the educator’s armamentarium. This chapter focuses 

on non-invasive cardiology-based simulation for medical 
education. We begin with a focus on the simulation of the 
cardiac physical examination and conclude the chapter with 
an overview of echocardiography simulation. 

   The Importance of Cardiac Physical 
Examination Skills 

 Pro fi ciency in cardiac auscultation remains an important skill 
in clinical medicine  [  1  ] . Cardiac examination can accurately 
detect most structural cardiac conditions when performed cor-
rectly  [  2  ] . It is a noninvasive tool that can directly diagnose 
and assess severity of disease and guide further evaluation and 
therapeutic management  [  1  ] . Despite its role as an invaluable 
diagnostic tool, pro fi ciency in this skill remains poor  [  2  ] . This 
was highlighted by Mangione and Nieman  [  3  ]  who found that 
only 20% of audio-recorded auscultatory  fi ndings were recog-
nized correctly by family practice residents, internal medicine 
residents, and medical students. Furthermore, there is minimal 
improvement with increasing levels of clinical experience, 
implying that trainees are not developing these skills as they 
progress through residency  [  2,   4  ] . 

 Poor cardiac examination skills among trainees have been 
attributed to a number of factors: less formal teaching dedi-
cated to the cardiac physical examination, less opportunity 
for trainees to encounter patients with cardiac pathology, and 
less time spent in direct patient contact yielding fewer oppor-
tunities to practice physical examination skills and receive 
feedback on performance  [  5  ] . This phenomena has also lead 
to a shortage of clinically oriented instructors pro fi cient in 
cardiac examination, as even practicing physicians lack self-
con fi dence in the physical examination  [  2  ] . The increasing 
reliance on imaging technology at the expense of physical 
examination may also play a role. 

 There is thus a clear need for better methods by which to 
teach cardiac auscultation and diagnostic skills for all levels 
of learners. The ideal learning environment would include 
the opportunity for students to examine real cardiac patients 
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with an opportunity to review each patient with an expert on 
repeated occasions  [  6  ] . Due to the constraints outlined previ-
ously, this is not possible in most clinical or educational 
environments. Thus, students are expected to learn cardiac 
examination skills from random, unstructured patient 
encounters during their clinical clerkship, an approach which 
is, given the evidence, inadequate  [  7  ] . 

 Simulation provides an opportunity to address these 
de fi ciencies by recreating cardiac abnormalities for the 
express purposes of exposure, teaching, and repetition (i.e., 
deliberate practice)  [  6  ] . A simulator can provide standard-
ized physical  fi ndings for a wide variety of conditions with 
options for titrating the severity and progression of the dis-
ease  [  5,   8  ] . Simulation also provides a safe, supportive envi-
ronment where education and assessment can take place  [  9  ] . 
Furthermore, it allows learners at all levels to practice and 
develop skills with the knowledge that mistakes carry no 
penalties or harm to patients or learners  [  10  ] .  

   Current Use of Cardiology Simulation 
in Medical Education 

 Medical educators have recognized that simulation can play 
a key role in the development and maintenance of pro fi ciency 
in the cardiac physical examination. In a 2011 survey by the 
Association of American Medical Colleges, medical students 
at over 80% of responding institutions were exposed to some 
form of simulation (from standardized patients to technolo-
gy-enhanced simulators) during medical school. Residents 
also had a high use of simulation early in their residency pro-
grams. Examining the content of the simulation-based teach-
ing, approximately 30% of programs taught topics relevant 
to cardiology which would include physical examination 
 [  11  ] . Interestingly, this is quite similar to the prevalence of 
dedicated formal cardiac physical examination instruction 
reported by Mangione et al. in the 1990s  [  4  ] . 

 The ultimate goal for simulation-based cardiac physical 
examination teaching is to facilitate learning of cardiac physi-
cal examination skills and diagnostic accuracy and for this to 
translate into improved skills and accuracy in clinical practice. 
In the following sections in this chapter, we examine the simu-
lators available for cardiac physical examination teaching and 
explore effective methods for employing this technology.   

   Types of Simulators 

 A wide range of simulators have been developed to aid in the 
development of cardiac auscultation skills and knowledge. 
Examples include standardized patients, audio recordings, 
multimedia CD-ROMs, computer-assisted instruction, vir-
tual patient encounters, electronic heart sound simulators, 

and mannequins. Each of these modalities has proposed the-
oretical and documented bene fi ts and limitations as will be 
reviewed below. 

   Audio Simulations (Table  18.1 )    

 Audio simulations, which typically consist of CD-ROMs but 
can include other sound  fi le formats, present recordings of real 
or simulated patient heart sounds. The bene fi t of this approach 
is that the recorded audio sounds are free of contaminating 
background noise commonly found at the bedside, so it may 
be easier for the learners to hear the sounds  [  3  ] . This is unlike 
the dif fi culties encountered when listening to a patient’s heart 
in a noisy setting, such as the emergency department, where a 
conventional acoustic stethoscope is unable to  fi lter the addi-
tional environmental noise making auscultation more chal-
lenging. For novice learners, the absence of extra visual and 
tactile stimuli may simplify the task at hand and improve their 
auscultatory accuracy. Supporting this argument, Vukanovic-
Criley et al. noted that learners and clinicians at all levels of 
experience would close or avert their eyes when auscultating a 
virtual patient that processed a combination of sights and 
sounds. This was done instinctively, despite the fact that doing 
so would mean the clinician would actively choose to ignore 
visual reference that could have assisted them the timing of 
sounds and murmurs  [  2  ] . 

 The ef fi cacy of the audio simulations has been demon-
strated in at least two studies  [  12,   13  ] . Horiszny demon-
strated that repetitive auscultation of heart sounds and 
murmurs with interactive discussion about pathophysiology 
with an instructor improved the cardiac auscultatory 
pro fi ciency of family medicine residents  [  13  ] . Auscultatory 
diagnostic accuracy improved from 36 to 62% after three 
45-min sessions, as tested using the simulated sounds. A 
similar study con fi rmed the utility of the audio recordings 
for medical students after a 2½-h session with an instructor 
 [  12  ] . These studies demonstrate the effectiveness of repeti-
tious listening to heart sounds when enhanced by the 

   Table 18.1    Exclusively audio simulators   

 Bene fi ts 
   Portable and easily accessible. Learners can work through 

diagnoses at their own pace 
  Opportunity for self-practice and repetitive practice 
  Not constrained by patient or instructor availability 
   Multiple examples of a single diagnosis can be presented quickly 

and economically 
 Limitations 
   Unable to correlate sounds with tactile or visual patient cues. Lack 

of interaction with physical “patient” (real or simulation) 
   In the absence of instructor, lack of interaction and feedback 

regarding auscultatory abnormalities 
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 presence of an instructor providing feedback and guiding 
group discussion. 

 Another study powerfully demonstrated the importance 
of repetitive listening to heart sounds and murmurs  [  14  ] . 
Third-year medical students either listened to 500 repetitions 
of 6 simulated heart sounds and murmurs, recorded on a 1-h 
CD, or were not exposed to any recorded sounds. Those stu-
dents who engaged in repetitive practice had signi fi cantly 
higher diagnostic accuracy on both simulated and real patient 
heart sounds. 

 These studies support the ef fi cacy of pure auscultatory 
simulations in improving diagnostic accuracy, at least as tested 
on auscultatory simulations. These types of simulators are 
well suited to novice learners and require only a few hours of 
repetitive practice to demonstrate signi fi cant learning gains.  

   Multimedia Simulations (Table  18.2 )    

   CD-ROM 
 It has been hypothesized that the lack of information regard-
ing location, intensity, and radiation of the murmur may limit 
the utility of the exclusively audio simulations  [  14  ] . Critics 
of these simulators suggest that listening to heart sounds and 
murmurs in isolation without visual and tactile stimuli is not 
re fl ective of auscultation at the bedside  [  3  ] . Multimedia car-
diac simulation typically involves audio recordings of heart 
sounds with visual stimuli in the form of graphics, ECG trac-
ings, phonocardiograms, and video recordings of the jugular 
venous pulsation (JVP), carotid arteries, and precordium. 
Additionally, some of these simulations have supplementary 
history, imaging (e.g., CXR, echocardiogram), and teaching 
points. The primary characteristic of multimedia cardiac 
simulations is the ability to identify systole and diastole 
through the visual modality, allowing the user to properly 
time auscultatory  fi ndings within the cardiac cycle. 

 Multimedia CD-ROMs have been shown to improve car-
diac auscultation knowledge and skill  [  3,   6,   15,   16  ] . The 
study designs include a single-group pre-post study  [  16  ] , 
cohort studies comparing multimedia to classroom teaching 
 [  15,   16  ] , and multimedia plus traditional clerkship to clerk-
ship alone  [  6,   15  ] . For example, Stern et al.  [  6  ]  found that 
students who were exposed to CD-ROM cases demonstrated 
improved diagnostic accuracy when tested on simulated 
sounds compared to students who only experienced the tradi-
tional clerkship instruction. Furthermore, the subset of stu-
dents who had the full intervention (reviewing in-depth 
CD-ROM cases and 20 mini-cases) had a preservation of 
auscultatory skill when retested 9 months later. 

 In the study by Stern et al., and in another study by Finley 
et al.  [  6,   15  ] , students used the multimedia simulations either 
on their own or in the presence of an instructor. Both studies 
demonstrated similar diagnostic accuracy on simulated heart 
sounds between both instructor present and instructor absent 
groups. These studies suggest that students can use these 
simulations independently and demonstrate signi fi cant gains 
in skills. However, from the students’ perspective, they felt 
that a combination of both classroom and computer learning 
would be preferable to either modality alone  [  15  ] .  

   Computer-Assisted Instruction 
 For our purposes, computer-assisted instruction (CAI) is 
de fi ned as a multimedia simulation program that uses com-
puter programs or Web-based learning as the central means of 
information delivery  but  is also interactive. Within cardiology, 
considerable interest in CAI has led to the development of 
CAI modalities for teaching cardiac physiology and cardiac 
physical examination skills. Conceptually complex, visually 
intense, and detail-oriented tasks such as understanding the 
pathophysiology behind a murmur are well suited to CAI  [  15  ] . 
An interactive computer screen can show animations of anat-
omy, ECG tracings, pressure-volume curves, and echo images, 
in addition to supplementary text or audio instruction to help 
the learner acquire the necessary background knowledge. This 
can then be coupled with heart sound recordings and videos of 
physical examination to serve as a comprehensive presenta-
tion of a particular cardiac condition. Similar to the multime-
dia CD-ROMs, CAI allows the student to engage in self-directed 
learning in a nonthreatening environment  [  17  ] . Both multime-
dia modalities generally do not require immediate direct 
supervision from the instructor, thus reducing the geographi-
cal and time constraints on both students and instructors  [  17  ] . 

 Perhaps the best studied example of a cardiology-speci fi c 
CAI is the UMedic system (University of Miami medical 
education development system for instruction using comput-
ers)  [  18,   19  ] . Developed to be used in conjunction with 
Harvey® The Cardiopulmonary Patient Simulator, UMedic is 
a multimedia program that presents an extensive cardiovas-
cular curriculum, incorporating cardiac auscultation and 

   Table 18.2    Multimedia simulators   

 Bene fi ts 
   Able to present interactive cases with additional supportive 

history, laboratory tests, and explanations of pathophysiology 
   Incorporation of visual stimuli, such as ECG tracings, pulse 

waveforms, videos of carotid pulses, JVP, and precordium, to help 
correctly locate and identify heart sounds and murmurs 

  Opportunity for self-practice and repetitive practice 
  Not constrained by patient or instructor availability 
 Limitations 
   In the absence of instructor, limited feedback from computer 

(absence of feedback with non-CAI multimedia formats) 
  Lack of interaction with physical “patient” (real or simulation) 
   More expensive and less accessible than exclusively audio 

simulations 
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 cardiovascular imaging in its presentation  [  20  ]  (Fig.  18.1 ). It 
has been shown to improve diagnostic accuracy on simulated 
cardiac  fi ndings, for clerkship students, compared to a tradi-
tional clerkship rotation  [  19  ] .  

 Sverdrup et al.  [  21  ]  addressed whether traditional bedside 
teaching versus training with CAI would lead to differences 
in diagnostic accuracy with real patients. Two groups of 
third-year medical students received a 2-h instructional ses-
sion focused on cardiac examination and physiology. One 
group received an additional 2-h traditional bedside teaching 
session, while the other group went through a series of cases 
with the multimedia simulation. Both groups had equal diag-
nostic accuracy when tested with real patients.  

   Virtual Patient Encounters 
 Virtual patient encounters (VPE) are de fi ned as “a speci fi c 
type of computer program that simulates real-life clinical 
scenarios; allowing learners to obtain a history, conduct/view 
a physical exam, assess diagnostic tests and make diagnostic 
and therapeutic decisions”  [  21,   22  ] . 

 These interactive multimedia teaching programs use 
real or standardized patients  fi lmed at the bedside with 
supplemental animations, demonstrations of anatomy, 
ECG tracings, echocardiogram images, and text or audio 
instruction. In addition to the ancillary information, actual 
recorded heart sounds and actual video recordings of a live 
patient are presented. The VPEs permit the learner to move 
the virtual stethoscope over the virtual patient’s precor-
dium while observing pulses, respiration, and/or postural 
maneuvers  [  7  ] . 

 Virtual patient encounters can improve the cardiac exami-
nation competency of medical students  [  7  ] . In one study, 24 
medical students received eight 90-min sessions with a VPE 
in addition to their baseline core curriculum and were com-
pared to 52 students receiving no additional instruction. The 
VPE group improved their diagnostic accuracy when tested 
on the VPE compared to the control group. Moreover, a sub-
set of students in the intervention group was tested 14 months 
later and had a sustained increase in accuracy compared to 

the control group. VPEs have also been used to assess the 
knowledge and auscultation skills of medical students, resi-
dents, fellows, and clinicians  [  2  ] . 

 Despite the appeal of multimedia simulations, whether 
CD-ROM, CAI, or VPE, there still exists a need for more 
well-designed studies examining how best to use these simu-
lation modalities. The majority of studies employ nonran-
domized designs, add multimedia simulators to instruction 
received by both groups as opposed to comparing two inter-
ventions that require equal time, and test learners using the 
multimedia simulator as opposed to real patients. Without 
stronger research designs, and particularly without demon-
strating the translation of skills from simulation to real 
patients, the bene fi ts of multimedia simulations remain 
under-explored.    

   Standardized Patients (Table  18.3 )    

 A standardized patient (SP) (see Chap.   13    ) is an actor or 
patient who has received training to present his or her history 
in a standardized, reliable manner and who sometimes mim-
ics physical signs  [  10  ] . The use of SPs for teaching the basics 
of cardiac physical examination is widespread in North 
American undergraduate medical education, as is their use in 
assessment  [  11  ] . SPs may be helpful for teaching normal 
physical exam  fi ndings and instructing learners in physical 
exam technique. However, the SP’s normal physical exam 
poses a problem when assessing learners’ ability to recog-
nize abnormal clinical signs and to apply and integrate 
knowledge  [  23  ] . There is a low correlation between clini-
cians’ physical examination technique and their ability to 
diagnose cardiac abnormalities  [  24  ] . 

  Fig. 18.1    Harvey® The Cardiopulmonary patient simulator (Photo 
courtesy of Laerdal)       

   Table 18.3    Standardized patients   

 Bene fi ts 
  Real person with which to interact 
   Ability to learn the techniques and cardiac  fi ndings of the normal 

cardiac physical examination 
   Patient and/or instructor present to provide feedback on 

performance 
   Potential for “hybrid” simulations, combining the normal physical 

examination of the patient with any of the simulation modalities 
presenting the cardiac abnormalities 

 Limitations 
   Typical standardized patient does not have cardiac abnormalities, 

thus unable to present abnormal physical  fi ndings 
   Inef fi cient, as only a few students can examine the patient at any 

one time 
   Not conducive to repetitive practice or available for independent 

practice 
   Cost and time intensive to recruit and train appropriate standard-

ized patients 
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 Lecat’s Ventriloscope, manufactured by Limbs    & Things, 
is a modi fi ed stethoscope that allows prerecorded sounds 
(activated wirelessly) to be integrated with a standardized 
patient  [  23  ] . It is designed to overcome some of the limita-
tions of the SP with normal physical  fi ndings. The 
Ventriloscope allows for projection of abnormal auscultatory 
signs onto a healthy person, requiring students to recognize 
and interpret such signs within the wider context of a clinical 
encounter  [  25  ] . The learner also bene fi ts by completing the 
cardiac examination on a live person. Additionally, the same 
SP can have a number of cardiac conditions that can be inter-
changed with ease (Fig.  18.2 ).  

 Limitations of early Ventriloscope models included lack of 
synchronization of cardiac auscultatory  fi ndings with the SP’s 
pulse and lack of respiratory variation of the heart sounds. 
Technology is being developed to track the pulse (by having 
the SP wear a heart rate monitor) and trigger the recorded 
sounds simultaneously. A foreseeable limitation to the 
Ventriloscope is that it simulates auscultatory abnormalities, 
but cannot simulate associated physical examination  fi ndings, 
such as JVP or pulse abnormalities. The Ventriloscope is a 
relatively new technology, and comparative effectiveness 
studies are not presently available. 

 For teaching cardiovascular physical examination, perhaps 
the ideal use of the SP is to combine the teaching of the normal 
cardiac examination with recognition of auscultatory abnor-
malities using any one of the simulation modalities. Although 
such “hybrid” or integrated simulations are being used in other 
domains, especially invasive procedural skills training  [  20,   23, 
  26–  29  ] , and despite the prevalent use of SPs in the medical 
education system, there is little research examining how best 
to use them for cardiac physical examination teaching.  

   Cardiopulmonary Simulators (CPS) (Table  18.4 )    

 Cardiopulmonary simulators (CPS) are mannequin-based 
simulators that have palpable pulses, JVP waveforms, precor-
dial movements, and simulated heart sounds. Conceptually, 
CPS have great potential as tools to enhance the education of 
learners’ cardiac examination skills. By more closely mimick-
ing a real patient, CPS allow a full cardiac examination, inte-
grating all sensory information. Cardiopulmonary simulators 
can replicate abnormal pathology and can be reviewed at the 
instructor’s and learner’s convenience, thus alleviating the 
constraints of patient and pathology availability. Unlike real 
patients who may tire from being examined by multiple train-
ees, multiple learners can listen to and examine the simulator 
at the same time, thus increasing the ef fi ciency of teaching. 

 Almost all of the research into the effectiveness of CPS as 
a teaching modality has been undertaken using Harvey®. 
Across multiple studies, it has been demonstrated that 
instruction with Harvey®, either in isolation or in conjunc-
tion with the UMedic multimedia system, can improve nov-
ice and resident learners’ diagnostic accuracy on Harvey® 
and on real patients  [  20,   23,   26–  29  ] . Typically, these are sin-
gle-group studies, but one was a cohort design comparing a 
fourth-year medical student cardiology elective focused on 
Harvey® examination in addition to real patients to a tradi-
tional elective focused on real patients. There was a small but 
statistically signi fi cant superiority in diagnostic accuracy 
with real patients for the Harvey®-trained students  [  28  ] . 

 There has only been one study that compared CPS to 
another simulation modality for teaching cardiac physical 
examination skills  [  30  ] . This study suggested that instruction 
with Harvey® was no more effective than instruction using 
CD-ROMs  [  30  ] , but limitations of the study design including 
no pretest to establish equivalence of the two groups at 

  Fig. 18.2    Lecat’s Ventriloscope (Picture courtesy of Limbs & Things 
©2012   www.limbsandthings.com    )       

   Table 18.4    Cardiopulmonary simulators   

 Bene fi ts 
   Simulate physical patient, with palpable pulses, JVP waveforms, 

precordial movements, and simulated heart sounds. Facilitates 
comprehensive physical examination as would be performed on a 
real patient 

   Allows for repetitive practice and can provide opportunity for self-
practice 

  Typically, instructor present to provide feedback on performance 
   Multiple learners can listen to and examine the simulator at the 

same time, without the issues of real patient fatigue 
 Limitations 
   More expensive and less accessible than other simulator modali-

ties. A single institution may have only one cardiopulmonary 
simulator, thus limiting learner access to the simulator 

  Typically only have one or two examples of each diagnosis 
   Although self-study modes are available, typical presence of 

instructor is faculty intensive 
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 baseline and dif fi culty establishing equivalence of the post-
tests done with real patients limit interpretation of the results. 
In one study using only CPS, medical students demonstrated 
a transfer of skills from CPS to real patients for a cardiac 
murmur presented on the CPS but a lack of transfer from 
simulated murmurs that were different from the real patient’s 
diagnosis  [  31  ] . Thus, the comparative bene fi t of CPS over 
other simulation modalities remains largely unexplored. 

 Overall, it appears as though most forms of cardiac physi-
cal examination simulation can provide effective instruction 
in cardiac physical examination skills. There is a perceived 
relationship between greater physical  fi delity of a simulator 
and better learning outcomes  [  30  ] . Kneebone has suggested 
that developers and educators have primarily focused on cre-
ating lifelike simulators and have forgotten to ask whether 
low-cost, low- fi delity simulators are able to produce similar 
results in teaching and learning  [  32  ] . Likely of more impor-
tance than the speci fi c simulator is how the simulator is 
incorporated into any teaching session. As shown by Barrett 
et al., repetitively listening to cardiac abnormalities can 
signi fi cantly improve diagnostic accuracy  [  14  ] . The exclu-
sively auditory and multimedia simulations are able to pres-
ent many examples of the same diagnosis conveniently and 
economically, whereas the CPS may only have one or two 
representations of a particular diagnosis  [  30  ] . 

 As outlined in a review of effective instructional design 
features for simulation-based medical education, the instruc-
tional session should incorporate the principles of feedback 
to learners on their performance, integration of the teaching 
session into the curriculum and deliberate practice and mas-
tery learning  [  32  ] . Mastery learning describes an instruc-
tional approach wherein learners must “pass” a learning unit 
before proceeding on to the next unit. In cardiac physical 
examination, this was implemented by Butter et al. who 
taught medical students using mastery learning principles 
with a multimedia tutorial and CPS  [  29  ] . Using this approach, 
trained third-year medical students had better diagnostic 
accuracy examining real patients compared to fourth-year 
students who did not experience the course. 

 There is little doubt that in this era of reduced in-hospital 
patient volumes, larger medical school class sizes, and reduced 
faculty availability for teaching, simulation-based education 
for cardiac physical examination is a necessity. Simulation 
affords an opportunity for learners to work independently and 
at their own pace, to teach large numbers of learners multiple 
cardiac abnormalities, and to reserve teaching with real 
patients to learners with a basic skill set. Not only is patient 
contact opportunistic, it may not be the most ef fi cacious 
method for students to learn an essential competency. 

 The  fi eld of simulation-based education for cardiac physi-
cal examination would bene fi t from more rigorous educational 
studies. Our understanding of how to use these potentially 
expensive resources would be strengthened through random-

ized, controlled study designs, examining different  instructional 
approaches, comparing different simulation modalities 
directly, and assessing outcomes using real patients.  

   Echocardiography 

 Echocardiography is one of the most important diagnostic 
tools in cardiology and has an ever-growing role in periop-
erative anesthesia and in critical care. Echocardiography pro-
vides detailed information about cardiac structure and 
function. Clinically important information can be provided 
in real time to assist clinical decision making  [  34  ] . The two 
forms of echocardiography commonly used are transthoracic 
echocardiography (TTE) and transesophageal echocardiog-
raphy (TEE). Proper interpretation of either modality requires 
extensive knowledge of cardiac anatomy, cardiac physiol-
ogy, and visualization of image planes. Although both TTE 
and TEE employ the same echocardiographic principles to 
assess cardiac structure and function, each modality has its 
strengths and limitations. 

   Transthoracic Echocardiography (TTE) 

 Transthoracic echocardiography involves placing the ultra-
sound probe on the surface of the chest in various locations 
to obtain different image planes of the heart. Transthoracic 
echocardiography is noninvasive and has the ability to 
dynamically monitor cardiac function and accurately esti-
mate intracardiac chamber pressures  [  35  ] . 

 A limitation of TTE is the signi fi cant technical skill that is 
required to obtain adequate images, which can be dif fi cult 
even in the hands of experienced echocardiographers  [  35  ] . The 
acquisition of high-quality, clinically relevant images requires 
precise angulations of the TTE probe and knowledge of how 
to improve image acquisition. The transthoracic approach is 
noninvasive but often yields unsatisfactory images because of 
obstacles limiting the acoustic window  [  30 ,  36  ] .  

   Transesophageal Echocardiography (TEE) 

 Transesophageal echocardiography involves the placement of 
the echo probe into the esophagus (or stomach) when the 
patient is sedated or unconscious, to view cardiac structures 
and assess function  [  37  ] . Transesophageal echocardiography 
generally provides clearer images of the endocardium, 
speci fi cally the mitral valve, and is also superior at visualiz-
ing the left atrial appendage, aortic root, and interatrial 
septum. 

 Transesophageal echocardiography is a standard imaging 
tool used during cardiac surgery to facilitate the assessment 
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of cardiovascular anatomy and function without surgical 
interruption  [  34,   37  ] . Furthermore, TEE is playing an increas-
ing role during percutaneous valve interventions; positioning 
of closure devices for atrial septal defects, patent foramen 
ovale, and ventricular septal defects; and for electrophysio-
logical procedures  [  38  ] . TEE is also used in the intensive 
care unit, to evaluate hypotensive patients, provide an accu-
rate estimate of left ventricular function, and help assess pre-
load  [  39  ] . A number of studies have also shown its safety 
among critically ill patients  [  36  ] .  

   The Need for Simulation-Based 
Echocardiography Training 

 Extensive hands-on training is necessary to develop echocar-
diography skills  [  40  ] . For example, in the 2003 American 
College of Cardiology Foundation/American Heart 
Association (ACCF/AHA) Clinical Competence Statement 
on Echocardiography, the board suggested that minimum 
competence as an adult TTE echocardiographer requires 75 
patient examinations and 150 echocardiogram interpreta-
tions  [  41  ] . Although the merit of establishing competence 
based on an absolute number of examinations as opposed to 
a competency-based approach is debatable, there is little 
doubt that higher levels of pro fi ciency require increased 
training time and number of patient examinations. 

 With either echocardiography modality, there are common 
barriers to the development of pro fi ciency. First, echocardiog-
raphy requires signi fi cant cognitive and technical skills. The 
echocardiographer needs extensive knowledge of cardiac 
structure and function and must be able to visualize the heart 
in different acoustic planes. Parceled with this visual-spatial 
knowledge is the technical ability required to manipulate the 
ultrasound probe in order to produce quality images that are 
amenable to interpretation. Second, there is a paucity of for-
mal training opportunities for learners to acquire these skills. 
Practice is limited because of patient and situational factors. 
For the awake patient in the echo laboratory undergoing TEE, 
there is limited time to practice given the potential physical 
discomfort. During surgical procedures in the operating room, 
practice is limited because of the need for prompt diagnosis, 
image interference from the use of electrocautery, and the ini-
tiation of cardiopulmonary bypass. 

 The traditional teaching model consists of the use of text-
book reading and echocardiogram interpretation sessions 
combined with supervised practical experience in the 
echocardiography lab or in the operating room. In the case of 
TTE, trainees can learn from technicians and echocardiogra-
phers in a clinic or hospital setting and have the opportunity 
for independent practice. However, hands-on TEE experi-
ence is acquired during higher-risk clinical situations in the 
company of advanced echocardiographers. Regardless of 

modality (TTE or TEE), novices face a steep initial learning 
curve where basic image acquisition is dependent on simul-
taneously mastering probe manipulation. 

 Echocardiography simulators are ideally suited to over-
come these learning obstacles. The simulator can accurately 
represent the various cardiac structures in an in fi nite number 
of image planes to help master the visualization of the heart 
during various manipulations of the probe. Some simulators 
have the ability to show real-time real-life and animated 
depictions of the heart relative to the ultrasound probe. There 
may be enhanced graphical features that allow the user to see 
the plane in which their echo beam is cutting through relative 
to the heart. Simulators can incorporate both normal and 
pathological  fi ndings. However, the ability to practice for 
extended periods of time in a nonthreatening zero-risk envi-
ronment is arguably the most enticing feature of echo simu-
lators. The use of simulation technology provides an 
opportunity to create a virtual training environment to offset 
the initial learning curve and shorten the eventual duration of 
training with patients  [  35  ] .  

   Types of Echocardiography Simulators 

 At present there are three types of echo simulators designed 
to help improve the acquisition of knowledge and technical 
skill for TTE and TEE. These range from Web-based simula-
tions to part-task heart models to part-task mannequins that 
incorporate virtual reality echocardiography. 

   Web-Based Echocardiography Simulators 
 The Web-based echocardiography simulators have been 
developed to aid in learning TEE. They use a 3-dimensional 
heart model, constructed from serial computer tomography 
slices of a real heart, with a virtual probe that the learner 
manipulates via their computer keyboard. These simulators 
allow the learner to visualize the cardiac structures in differ-
ent planes, which is critical in the early stages of acquiring 
TEE knowledge  [  31,   40  ] . 

 The effectiveness of one of these Web-based TEE simula-
tors was evaluated with a pre- and posttest design  [  34  ] . After 
using the simulator for an average of 130 min, ten postgradu-
ate fellows in anesthesia, cardiology, and cardiac surgery 
demonstrated a signi fi cant increase in their posttest scores on 
a video-based multiple choice test. 

 These simulators provide learners with the opportunity to 
develop structure identi fi cation and the visual-spatial corre-
lation of echo plane and cardiac structure that is necessary 
for competency in TEE. Their bene fi ts include the low cost 
(free) and the ability for the trainee to become familiar with 
the standard TEE views with the opportunity for unlimited 
practice. However, it remains to be seen if the knowledge 
gains translate to clinical practice.  
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   Part-Task Trainers 
 The simplest of the part-task trainers is an echocardiography 
simulator that consists of a full-body mannequin  fi tted with a 
physical, static, non-beating model of a human heart as well 
as lungs, ribs, and pericardial  fl uid (Blue Phantom TM , USA). 
The heart model can be visualized and interrogated with 
either a TTE or TEE probe. This trainer allows the learner to 
become familiar with working a probe, working with the 
ultrasound machine, and obtaining images from all the rele-
vant planes. However, because it is a static model, this trainer 
does not yield a realistic TTE experience for the operator. 

 The latest development in echocardiography part-task 
trainers is to combine a mannequin and dummy echo probe 
with virtual reality display of echocardiography images. In 
this setting, the learner moves the probe along the mannequin 
and views the echocardiographic images displayed on a com-
puter screen. Manipulation of the probe changes the corre-
sponding digital image, as in a real patient. These have been 
developed for both TTE and TEE, and their visual display 
combines both the echocardiographic image and a second 
screen displaying the three-dimensional virtual heart  [  35,   37, 
  42,   43  ] . Two commercially available simulators are CAE 
Vimedix (CAE Healthcare Inc, Montreal Canada) and 
HeartWorks (Inventive Medical Ltd, London, UK) (Figs.  18.3  
and  18.4 ). The potential bene fi ts of this type of trainer are the 
link between the transducer, the plane of the heart, and the 
echocardiographic image which may aid learners in acquiring 
knowledge and skills. The simulators have the capability to 
mimic both normal and abnormal cardiac exams (Fig.  18.5 ).    

 Aside from assessing user satisfaction, only one of these 
augmented simulators has been studied in a randomized, con-
trolled trial to assess its educational effectiveness  [  44  ] . 
Fourteen  fi rst-year anesthesia residents were randomized 
either to a 90-min simulator-based teaching session with an 
instructor or to a control group consisting of self-study with-
out the simulator. There was a statistically signi fi cant improve-
ment in posttest scores for the simulator group compared to 
controls, on a video-based multiple choice questionnaire. 

 At the present time, the development of echocardiography 
simulators has outpaced the evaluation of their educational 
effectiveness. Theoretically, these simulators have many prac-
tical advantages to facilitate knowledge and skill acquisition. 
Acceptance of training in TEE and TTE with simulators has 
been shown to be very high among both novice and experi-
enced echocardiographers  [  42,   43  ] . However, without studies 
comparing different approaches to echocardiography train-
ing, it is impossible to ascertain the relative bene fi ts of the 
various simulation approaches. This is not to say that simula-
tor-based training can or should replace the need for patient 
exposure, but it may supplement the traditional approaches to 
education and allow for development of basic knowledge and 
skills prior to practice on real patients. These technologies 
certainly hold the potential to address the barriers of time, 
patient exposure, and a steep learning curve that are associ-
ated with traditional echocardiography training methods.    

   Implementing a Noninvasive Simulation 
Curriculum 

 For any of the simulation modalities outlined in this chapter, 
a number of principles will facilitate the implementation of a 
simulation-based curriculum for noninvasive cardiology. 
First, a needs assessment of the learners is important, in order 
to develop appropriate learning objectives for the simulation 
sessions. This should take into account the current learning 
environments, with consideration of where the simulation 
modalities may best be used. For example, for novice learn-
ers of cardiac physical examination, adding time spent with 
simple heart sound or multimedia simulators prior to patient 
contact is a very ef fi cient way of quickly improving learners’ 
skills in heart sound recognition. The CPS can then be used 
to augment patient encounters that occur in the early clinical 
years, reinforcing the sounds heard at the bedside. 

 Second, the simulation-based modalities should be incor-
porated into the curriculum, as opposed to being stand-alone 
sessions. Third, whenever the simulation modality is in use, 
there may be a role for learners having time by themselves 
engaging in deliberate practice with the simulator. But of 
great importance is the presence of faculty, at some point in 
the learning session, to provide feedback and guidance to the 
learner. Finally, learning is consolidated if the session con-
cludes with a skills test that requires the learner to achieve a 
certain level of competence before proceeding with the rest 

a

b

  Fig. 18.3    ( a  and  b ) CAE Vimedix echocardiography simulator (Photo 
courtesy of CAE Healthcare ©2012 CAE Healthcare)       
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of the curriculum. Layering different simulation modalities 
at different places in the curriculum can help learners scaf-
fold their learning along a continuum of simple concepts to 
complex heart sounds.  

   Conculsion 

 Invasive cardiology skills are a vital to evaluate all patients 
speci fi cally those with known cardiac disease. Auscultation 
has been shown to be under developed in our recent medical 

school graduates cardiac visualization skills seem to be sup-
planting Auscultation but this certainly require extensive 
training. Simulation may play a growing role in the aquisition 
and mastery of these auditory and visual skills.      
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          Introduction 

 Changes to surgical training, patient safety concerns, and the 
emergence of complex procedures in high-risk patients have 
generated greater interest in simulation-based learning in 
cardiothoracic surgical education  [  1–  16  ] . Surgical simula-
tion, de fi ned as any skills training or practice outside of the 
operating room, can provide practice in a less stressful envi-
ronment and enable graduated training of technical skills and 
crisis management. Further, this modality may be one means 
by which pro fi ciency can be assessed  [  2–  6,   9,   13,   17–  22  ] . In 
general, cardiothoracic surgery simulation has been directed 
at the technical aspects of procedures, with emphasis on 
unique requirements of this specialty, such as performing 
small vessel anastomosis in a moving environment with time 
constraints (i.e., off-pump coronary artery bypass grafting), 
or implanting a cardiac valve with limited exposure. For the 
simulation exercises, the trainee needs to understand and 
articulate the correct way to use instruments, how to handle 

tissue and suture, and the relevant surgical anatomy. 
Additionally, scenarios for crisis management in cardiotho-
racic surgery are being developed and employed in simula-
tion training. 

 As evidenced by laboratories investigating surgical tech-
niques and the use of explanted porcine hearts in “wet-lab” 
environments, simulation, while not originally termed as 
such, has been widely employed in the history of cardiotho-
racic surgery. For instance, the technique of cardiac trans-
plantation was extensively evaluated in the animal laboratory 
prior to clinical application. In the 1990s, synthetic cardiac 
surgery simulators for training attracted attention in the edu-
cational arena  [  23–  26  ] . Stanbridge et al. and Reuthebuch 
et al. described beating heart simulators intended for training 
residents and surgeons  [  23,   24  ] . Bashar Izzat et al. and 
Donias et al. developed plastic and tissue-based beating heart 
models and noted that trainees became more pro fi cient in 
their ability to perform beating heart anastomoses  [  25,   26  ] . 
In general, the focus and educational goals of these models 
were limited, and these efforts did not result in widespread 
adoption. Reported in 2005, Ramphal and colleagues 
employed a high-technology, high- fi delity porcine heart 
model to address the shortage of cardiac surgery cases for 
training in Jamaica  [  7  ] . To enhance cardiac surgical educa-
tion in Europe, an important simulation effort was initiated 
over 10 years ago using a tissue-based approach by the 
Wetlab Ltd facility in the United Kingdom  [  8,   27  ] . 

 Along with local efforts, the leadership in cardiothoracic 
surgery has provided focused programs to advance and for-
malize simulation-based learning, including the Thoracic 
Surgery Foundation for Research and Education Visioning 
Conference and the “Boot Camp” and “Senior Tour” sup-
ported by the Thoracic Surgery Directors Association, 
American Board of Thoracic Surgery, and the Joint Council 
on Thoracic Surgery Education  [  1,   3–  5,   14,   15  ] . These 
efforts have increased our understanding of the type of sim-
ulators required, led to the development of performance 
assessment, and provided a venue to address barriers to 
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adoption  [  3–  5  ] . The emphasis at the Boot Camp has been on 
 fi ve basic aspects of training, including cardiopulmonary 
bypass and aortic cannulation, coronary anastomosis, aortic 
valve surgery, pulmonary resection, and bronchoscopy and 
mediastinoscopy. At the meeting of the Senior Tour, com-
prised of senior (retired or semiretired) cardiothoracic surgi-
cal educators, 12 cardiothoracic surgical simulators are 
employed along with proposed assessment tools  [  4  ] . 
Concurrent with these initiatives has been the development 
of cardiothoracic surgical simulators at many centers  [  2–  4, 
  6,   7,   9–  12,   28  ] .  

   Simulator Development 

 Because procedures in surgery can be partitioned into com-
ponents leading to the development of partial-task trainers, 
one emphasis in cardiothoracic surgery simulation has been 
to provide the trainee with models that can be used for delib-
erate and distributed practice  [  2,   4,   9  ] . Synthetic simulators, 
considered “low-tech and low to moderate  fi delity,” can be 
useful in developing basic surgical skills, whereas tissue-
based simulators such as the “wet-lab” experience can be 
considered “low-tech, high  fi delity”, since they are readily 
available and provide good anatomic representation and 
appropriate tissue or haptic response. 

   Cardiac Surgery Simulators 

   Coronary Artery Bypass Surgery 
 The technical tasks and procedures include coronary artery 
anastomosis, proximal anastomosis, and beating heart 
coronary anastomosis  [  2–  4,   9  ] . Generally, coronary artery 
anastomoses can be performed using synthetic or tissue-
based vessels attached to an apparatus. Synthetic models 
and simulators in coronary artery and vascular anastomo-
sis are commercially available, and simpler models can be 
constructed (e.g., anastomosis “block”) (Fig.  19.1a ). The 
HeartCase model (Chamberlain Group, Great Barrington, 
MA) has a vessel anastomosis attachment which permits 
sewing an end-to-side anastomosis at different angles using 
3–4 mm synthetic target vessels (Fig.  19.1b )  [  4  ] . For the 
tissue-based or “wet-lab” component, porcine hearts are 
prepared and positioned so as to expose the left anterior 
descending artery in a container (Wetlab Ltd, Kenilworth, 
Warwickshire, England)    (Fig.  19.1c )  [  8,   27  ] . Synthetic 
tissue grafts from the Chamberlain Group and LifeLike 
BioTissue (Toronto, Ontario) can be used as grafts for the 
anastomosis. These grafts and target vessel thus offers 
some degree of realism, but its importance is in teaching 
the mechanics of anastomosis  [  4  ] .   

   Beating Heart Surgery 
 The technical challenge of off-pump coronary artery bypass 
grafting is to expeditiously perform accurate coronary 
 anastomoses on constantly moving target vessels, typically 
1–2 mm in diameter. Understanding the stabilization devices is 
critical as is the various methods of optimizing exposure of the 
target vessel  [  2  ] . Commercially available synthetic beating 
heart model includes a simulator from the Chamberlain Group, 
which includes a compressor and controller (Fig.  19.2a ), and 
one developed by EBM, which is motor driven (EBM, Tokyo). 
Tissue-based models using explanted porcine hearts include 
the Ramphal simulator, which is a high- fi delity, computer-con-
trolled simulator that can be employed in many aspects of train-
ing (Fig.  19.2b ). This educational approach permits the surgeon 
to become familiar and achieve some degree of pro fi ciency 
before attempting this technique in the clinical setting.   

   Aortic Cannulation 
 One part-task simulator for aortic cannulation is the 
HeartCase model with the synthetic thoracic aortic attach-
ment. Using a syringe or a pressure bag, normal saline can be 
instilled into the synthetic aorta for pressurization. A tissue-
based model used at the Boot Camp is a porcine heart in 
which the coronary sinus, coronary arteries, and aortic arch 
vessels are oversewn (Fig.  19.3a )  [  5,   28  ] . The ascending 
aorta with the arch and a portion of the descending aorta is 
pressurized with a bag of saline. Another model utilizes the 
porcine descending thoracic aorta, which is prepared by 
oversewing the intercostal vessels, securing it in a plastic 
container, and pressurizing it using saline (Fig.  19.3b )  [  4  ] . 
The tissue-based models are realistic, permitting multiple 
cannulations. Also, they can serve as thoracic aortic surgery 
anastomosis simulators  [  4  ] .   

   Atrial Cannulation 
 Right atrial or bicaval cannulation for cardiopulmonary bypass 
is simulated using the porcine heart model placed in a con-
tainer. Understanding the anatomy, suture placement, and can-
nulation are the primary objectives. Ideally, atrial cannulation 
is performed as part of other procedures, such as aortic cannu-
lation. In order to simulate atrial cannulation in a more realistic, 
beating heart setting, the Ramphal simulator can be used.  

   Cardiopulmonary Bypass 
 Used in the training of perfusionists and surgeons, cardiopul-
monary bypass simulators are intended to be highly interac-
tive  [  4,   5  ] . The simulators provide multiple physiologic 
conditions and permit the trainee to manage the steps preced-
ing and during cardiopulmonary bypass, including intraop-
erative crisis management. The Ramphal simulator is thus 
well suited for cardiopulmonary bypass simulation. Other 
“high-tech, high- fi delity” cardiopulmonary bypass simula-
tors, such as the Orpheus perfusion simulator (ULCO 
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Medical), are commercially available with assessment mod-
ules, recognizing that such simulators are expensive 
(Fig.  19.4 ). A commonly employed method to learn about 
cardiopulmonary bypass circuit is to have access to a perfu-
sion pump and arrange a tutorial with the perfusionist.   

   Aortic Valve Replacement 
 Synthetic models are adequate in teaching important com-
ponents such as surgical  anatomy and approach to placing 
annular sutures  [  4  ] . The aortic root model is available from 

the Chamberlain Group and can be attached to the HeartCase 
simulator (Fig.  19.5a ). The objectives are to train proper 
needle angle for suture placement, effective knot tying in a 
deep con fi ned space, placing sutures in the valve sewing 
cuff, and seating the valve prosthesis. For tissue-based sim-
ulation, porcine hearts are placed in a container and situ-
ated so as to present the ascending aorta and aortic root 
(Fig.  19.5b )  [  4  ] . The aortotomy is made followed by exci-
sion of the lea fl ets and the muscle bar under the right coro-
nary cusp. Interrupted sutures are placed followed by the 

a

c

b

  Fig. 19.1    Small vessel anastomosis: ( a ) An anastomotic block can be 
constructed using a wood block on which are mounted ¼ in. angled 
irrigation connectors. A synthetic graft can be positioned in place using 
the connectors (Reprinted from Fann et al.  [  3  ] , with permission from 
Elsevier). ( b ) Mounted in the portable chest model is a synthetic target 

vessel; to simulate vein graft for anastomosis, another synthetic vessel 
is used. ( c ) For the tissue-based or “wet-lab” component, porcine hearts 
are prepared and positioned so as to expose the left anterior descending 
artery in a container       
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placement and seating of the prosthesis. This model lends 
itself to standardized training, as it is currently used in 
many centers  [  4  ] .   

   Mitral Valve Repair 
 The synthetic mitral valve attachment is a silicone-based 
cylinder placed in the portable HeartCase model 
(Fig.  19.6a )  [  4,   6  ] . The synthetic model provides a method 
to learn basic components of mitral valve surgery, such as 
exposure techniques and needle angles, but it is limited in 
its  fi delity  [  4  ] . To more accurately simulate the mitral 
lea fl ets and annulus requires the use of a porcine heart 
model, which is placed in the container and situated so as 
to present the left atrium and mitral annular plane. The 
left atrium is opened and the mitral valve and annulus 
exposed in an “anatomically correct” con fi guration 
(Fig.  19.6b )  [  4,   6  ] . Interrupted annular sutures are placed 
and annuloplasty ring situated and secured. The porcine 
model is realistic but can pose some challenges with ante-
rior-posterior orientation in the setup  [  4  ] .   

   Aortic Root Replacement 
 For the tissue-based aortic root replacement simulator, 
explanted porcine hearts are placed in the container and situ-
ated so as to present ascending aorta and aortic root  [  4  ] . The 
porcine aorta and root are resected after creation of the coro-
nary ostial buttons. A composite valve graft (or just a Dacron 
graft) or an expired aortic homograft (CryoLife, Inc. 
Kennesaw, GA), if available, is prepared and anastomosed as 
a root replacement using polypropylene sutures for coronary 
button reimplantation  [  4  ] . This realistic, tissue-based model 
has been helpful in familiarizing the trainee with the com-
plexity of this procedure  [  4  ] .   

   Thoracic Surgery Simulators 

   Hilar Dissection and Pulmonary Resection 
 A porcine heart-lung block placed within the chest cavity of 
a mannequin simulates the necessary maneuvers of hilar dis-
section and pulmonary resection through a thoracotomy incision 

a

b

  Fig. 19.2    Beating heart simulator: ( a ) The 
beating heart model is constructed of silicone and 
connected to a controller and external compres-
sor. Partially embedded in the myocardium are 
2-mm target coronary arteries. The heart is placed 
in a plastic torso simulating the pericardial well. 
( b ) The Ramphal cardiac surgery simulator is a 
high- fi delity computer-controlled tissue-based 
simulator that allows the trainee to perform tasks 
such as beating heart and arrested heart surgery. 
Additionally, it provides cardiopulmonary bypass 
simulation and crisis management       
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(Fig.  19.7 )  [  4,   11  ] . Either the right or left lung can be used. 
This tissue-based simulator replicates the con fi ned space in 
which pulmonary resections are performed and provides a 
method to practice hilar dissection and resection skills. The 
objectives are to identify anatomic landmarks, dissect and 
encircle the hilar vessels and bronchus, and ligate and divide 

vascular structures using sutures and staplers. This model is 
moderately realistic recognizing variability of porcine anat-
omy relative to human anatomy and the fragility of the vas-
cular structures  [  4  ] .   

   Esophageal Anastomosis 
 Placed within a thoracic mannequin, a porcine heart-lung-
esophagus block simulates the thoracotomy providing access 
to the posterior mediastinum  [  4  ] . The esophagus, positioned 
and secured in the posterior cavity, is isolated and transected. 
The two free ends are re-approximated in either one or two 
layers. This model permits alignment and approximation of 
the esophageal ends, proper placement of sutures within the 
esophageal wall, and securing the sutures following placement 
 [  4  ] . By including the stomach in the tissue block, esophago-
gastric anastomosis can be simulated. Additionally, providing 
and resolving tension on the anastomosis can be introduced, 
and creating longitudinal incision (with longer mucosal than 
muscular incision) would simulate esophageal rupture requir-
ing the trainee to perform appropriate repair  [  4  ] .  

   Rigid Bronchoscopy 
 Using conventional bronchoscopic equipment, the TruCorp 
AirSim simulator (Belfast, N. Ireland) is a model of the oral 
pharynx, larynx, and the tracheobronchial tree out to the seg-
mental anatomy (Fig.  19.8 )  [  4  ] . The model also allows simu-
lation of awake bronchoscopy, bronchial stent placement, and 
removal of foreign body  [  4  ] . Since the image of the broncho-
scope can be projected and the position of the light on the 
bronchoscope can be visualized through the wall of the model, 
assessment of resident performance in navigation is possible. 

a

b

  Fig. 19.3    Aortic cannulation: ( a ) For the perfused non-beating porcine 
heart placed in a container, the arch vessels are oversewn, and a portion 
of the descending aorta in continuity with the ascending aorta provides 
a long segment to practice multiple aortic and cardioplegia cannula-
tions. ( b ) A porcine descending thoracic aorta is secured in a plastic 
thoracic model. The pressurized aorta allows placement of purse-string 
sutures and multiple aortic cannulations (Reprinted from Fann et al.  [  4  ] , 
with permission from Elsevier)       

  Fig. 19.4    Cardiopulmonary bypass: The Silastic heart model is placed in a 
plastic thorax and attached to the Orpheus cardiopulmonary bypass simula-
tor. This simulation exercise allows the trainee to understand the cardiopul-
monary bypass circuit and to participate in emergency and crisis management 
(Reprinted from Hicks et al.  [  5  ] , with permission from Elsevier)       
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Another bronchoscopic simulator is the CAE Accutouch 
EndoscopyVR Surgical Simulator (CAE, Montreal, Quebec), 
which is a highly sophisticated virtual reality simulator.   

   Video-Assisted Thoracoscopic Surgery (VATS) 
Lobectomy 
 A left porcine heart-lung block placed within the chest cavity 
of a mannequin is accessed via working ports to allow for 
video-assisted resection (Fig.  19.9 )  [  4  ] . This exercise replicates 
the con fi ned thoracic space in which pulmonary resections are 
performed and also provide a model to practice hilar dissection 
and resection skills. This simulator allows for identifying ana-
tomic landmarks, maneuvering the thoracoscope and pulmonary 
structures, dissecting and encircling hilar vessels and bronchus, 
and dividing the structures using the endoscopic staplers. 
Recognizing interspecies differences, this model may be more 
complex than a case in the clinical setting, but it does provide 
simulation of many advanced maneuvers  [  4  ] .   

   Tracheal Resection 
 A porcine tracheal-esophageal segment placed within the 
open neck of a mannequin simulates tracheal resection and 
anastomosis (Fig.  19.10 )  [  4  ] . This realistic exercise repro-
duces the con fi ned space in which tracheal resections are 

performed and provides a model to practice such resection 
and anastomosis. Given the shorter period of time required 
for this exercise, additional procedures, such as tracheos-
tomy and tracheal release maneuvers, can be added  [  4  ] .   

   Sleeve Resection 
 As an extension of the pulmonary resection simulator, a por-
cine heart-lung block placed within the chest cavity of a man-
nequin simulates the necessary maneuvers of sleeve resection 
via a thoracotomy (Fig.  19.11 )  [  4  ] . This exercise replicates the 
con fi ned thoracic space in which sleeve resections are per-
formed. This realistic model permits airway mobilization and 
understanding the principles of bronchial anastomosis  [  4  ] .   

   Pleural and Mediastinal Disorders 
 To date, simulation with pleural and mediastinal disorders 
has been limited to mediastinoscopy, anterior mediastino-
tomy, and video-assisted thoracoscopic procedures. 
Simulators used at the Boot Camp include a mediastinos-
copy model made of the head, neck, and thorax of a manne-
quin with a synthetic airway and mediastinal structures 
strategically placed in the anterior aspect of the upper thorax 
(Fig.  19.12 ). Mediastinoscopy is performed with conven-
tional instrumentation and video monitor.     

a b

  Fig. 19.5    Aortic valve replacement: ( a ) Mounted in a portable 
HeartCase chest model is a silicone-based aortic valve model which 
requires the trainee to understand proper needle angles, working in a 
deep, con fi ned space, and seating the prosthesis. ( b ) For the tissue-
based aortic valve replacement model, a porcine heart is placed in a 

container and situated so as to present the ascending aorta and aortic 
root. The aortotomy is made followed by excision of the lea fl ets and 
implantation of the aortic valve (Reprinted from Fann et al.  [  4  ] , with 
permission from Elsevier)       
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a

b

  Fig. 19.6    Mitral valve repair: ( a ) The synthetic mitral valve model is 
placed in portable chest model. ( b ) For the tissue-based simulator, por-
cine hearts are placed in the container and situated so as to present the 
mitral valve. The left atrium is retracted so as to expose the mitral valve 
and annuloplasty performed.  A  anterior lea fl et (Reprinted from Joyce 
et al.  [  6  ] , with permission from Elsevier)       

  Fig. 19.8    Bronchoscopy: using conventional bronchoscopic equip-
ment, the TruCorp AirSim model simulates the tracheobronchial tree       

  Fig. 19.7    Hilar dissection: a porcine heart-lung block placed within 
the chest cavity of a mannequin simulates the necessary maneuvers of 
hilar dissection through a thoracotomy incision.  H  hilum,  L  lung 
(Reprinted from Fann et al.  [  4  ] , with permission from Elsevier)       
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   Performance Assessment 

 Because surgical residents at the same training level may be 
at different technical pro fi ciency levels, simulation-based 
learning is one means to assess performance and provide 
practice and remediation  [  2–  6,   9,   16–  19,   29–  32  ] . Ultimately, 
surgery training may be competence based and not solely 
determined by the number of years in training or the number 
of procedures performed. Reliable and valid methods of 
assessment and passing standards for skills performance 
must be de fi ned if such criterion-based system is to be imple-
mented. Current and evolving assessment tools are based on 
direct observation and video recordings of a particular simu-
lated procedure and include the use of task-speci fi c check-
lists and global rating scales, such as the Objective Structured 
Assessment of Technical Skills (OSATS) developed at the 
University of Toronto and the Southern Illinois University 
Veri fi cation of Pro fi ciency  [  2–  6,   9,   16–  19,   29–  32  ] . To date, 
performance assessment in cardiothoracic surgery simulation 

has been reported for coronary anastomosis, cardiopulmo-
nary bypass, mitral valve surgery, and pulmonary surgery 
 [  2–  6,   9,   10  ] . Proposed rating scales for performance assess-
ment created for the simulators used at the Senior Tour will 
require further modi fi cations, including comprehensive 
anchoring points  [  4  ] . 

  Fig. 19.9    Video-assisted thoracoscopic surgery (VATS) lobectomy: a 
left porcine heart-lung block placed within the chest cavity of a man-
nequin is accessed via working ports to allow for video-assisted resec-
tion (Reprinted from Fann et al.  [  4  ] , with permission from Elsevier)       

  Fig. 19.10    Tracheal resection: a porcine tracheal-esophageal segment 
placed within the open neck of a mannequin simulates tracheal resec-
tion and anastomosis ( T  trachea,  An  anastomosis) (Reprinted from Fann 
et al.  [  4  ] , with permission from Elsevier).       

  Fig. 19.11    Sleeve resection: a porcine heart-lung block placed within 
the chest cavity of a mannequin (similar to the hilar dissection model) 
simulates the necessary maneuvers of sleeve resection (Reprinted from 
Fann et al.  [  4  ] , with permission from Elsevier)       
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 For coronary anastomosis, Fann et al. evaluated distrib-
uted practice using a portable task station and a beating heart 
model in training coronary anastomosis  [  2  ] . With eight car-
diothoracic surgery residents, times to completion for anas-
tomosis on the task station decreased 20% after 1 week of 
practice (351 ± 111 to 281 ± 53 s), and times to completion 
for beating heart anastomosis decreased 15% at 1 week 
(426 ± 115 to 362 ± 94 s). Distributed practice using the task 
station resulted in improvement in ability to perform the 
anastomosis as assessed by times to completion and 5-point 
rating scale (Table  19.1 ). Not all residents improved, how-
ever, consistent with a “ceiling effect” with the simulator and 
a “plateau effect” with the trainee  [  2  ] . To assess the value of 
focused training or massed practice, 33  fi rst-year cardiotho-
racic surgery residents at the  fi rst Boot Camp participated in 
a 4-h coronary anastomosis session  [  3  ] . During the session, 
components of anastomosis were assessed using a 3-point 
rating scale. Performance was video recorded and reviewed 
by three surgeons in a blinded fashion. There was signi fi cant 
improvement from the initial assessment compared to the 
end of session, which were con fi rmed with video record-
ings  [  3  ] . Thus, the 4-h focused training using porcine model 
and task station resulted in improved ability to perform an 
anastomosis. In evaluating vascular anastomosis, Price 
et al. assessed 39 surgery trainees randomized to expert-
guided tutorial alone versus expert-guided tutorial with 
self-directed practice  [  9  ] . Those who had the opportunity 
for self-directed simulator practice performed anastomoses 
more adeptly, more quickly, and at a higher quality  [  9  ] . 
Consistent with previous  fi ndings, simulator training should 

be incorporated into the curriculum, and trainees should 
have access to this modality for independent practice.  

 Joyce et al. evaluated simulation-based learning in skill 
acquisition in mitral valve surgery  [  6  ] . Eleven cardiothoracic 
surgery residents performed mitral annuloplasty in the por-
cine model. The video-recorded performance was reviewed 
by an attending surgeon providing audio formative feedback 
superimposed on video recordings; these recordings were 
returned to residents for review. After a 3-week practice 
period using the plastic model, residents repeated mitral 
annuloplasty in the porcine model. The time to completion 
improved from a mean of 31 ± 9 to 25 ± 6 min after the 3-week 
period. At 3 weeks, improvement in the technical compo-
nents was achieved in all residents (Table  19.2 )  [  6  ] . Thus, 
simulation-based learning employing formative feedback 
results in overall improved performance in a mitral annulo-
plasty model.  

 At the Boot Camp in 2009, Hicks et al. evaluated a modu-
lar approach to skills mastery related to cardiopulmonary 
bypass and crisis scenarios  [  5  ] . Thirty-two  fi rst-year cardio-
thoracic surgery residents were trained for four consecutive 
hours in cardiopulmonary bypass skills using a perfused 
non-beating heart model, computer-controlled simulator, and 
perfused beating heart simulator. Based on their performance 
using the cardiopulmonary bypass simulator, each resident 
was assessed using a checklist rating score on perfusion 
management and one crisis scenario (Table  19.3 )  [  5  ] . For ini-
tiation and termination of cardiopulmonary bypass, most 
residents performed the tasks and sequence correctly. Some 
elements were not performed correctly. For instance, three 

  Fig. 19.12    Mediastinoscopy: 
developed at the Boot Camp, a 
mediastinoscopy simulator is 
constructed of the head, neck, 
and thorax of a mannequin with 
a synthetic airway and 
mediastinal structures strategi-
cally placed in the anterior 
aspect of the upper thorax. 
Mediastinoscopy is performed 
with conventional instrumenta-
tion and video monitor       
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Resident name Year of training

Evaluator Time to completion

Poor Average Excel

1. Arteriotomy 1 2 3   4 5  

(porcine model: able to identify target, proper use of
blade, single groove, centered)

2. Graft orientation 1 2 3   4 5  

(proper orientation for toe-heel, appropriate start
and end points)

3. Bite appropriate 1 2 3  4 5 

(entry and exit points, number of punctures, even and
consistent distance from edge)

4. Spacing appropriate 1 2 3   4 5

(even spacing, consistent distance from previous bite,
too close vs. too far)

5. Use of Castroviejo/Jacobson needle holder 1 2 3    4 5

(finger placement, instrument rotation, facility,
needle placement, pronation and supination,
proper finger and hand motion, lack of wrist motion)

6. Use of forceps 1 2 3  4 5

(facility, hand motion, assist needle placement, 
appropriate traction ontissue)

7. Needle angles 1 2 3   4 5

(proper angle relative to tissue and needle holder, 

consider depth of field, anticipating subsequent angles)

8. Needle transfer 1 2 3   4 5

(needle placement and preparation from stitch to stitch,
use of instrument and hand to mount needle)

9. Suture management/tension 1 2 3   4 5

(too loose vs. tight, use tension to assist exposure,
avoid entanglement)  

Definitions:

5. Excellent, able to accomplish goal without hesitation, showing excellent progress and flow
4. Good, able to accomplish goal deliberately, with minimal hesitation, showing good progress and flow
3. Average, able to accomplish goal with hesitation, discontinuous progress and flow
2. Below average, able to partially accomplishgoal with hesitation
1. Poor, unable to accomplish goal; marked hesitation  

Date

   Table 19.1    Coronary artery anastomosis assessment        

 Modi fi ed from Fann et al.  [  2  ]  
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   Table 19.2    Mitral valve repair        

 Reprinted from Joyce et al.  [  6  ] , with permission from Elsevier 

Resident name Year of training

Evaluator

Poor Average Excel

1. Identify posterior mitral annulus
(demonstrate annulus, i.e., decussation or junction of leaflet
and atrial wall, for suture placement)

1 2 3   4 5  

2. Identify anterior mitral annulus
(demonstrate annulus, i.e., junction of leaflet and fibroskeleton,
for suture placement)

1 2 3   4 5  

3. Needle angles
(proper angle to permit needle point to puncture orthogonal to
tissue plane; consider depth of field, and space constraints)

1 2 3   4 5  

4. Needle removal from annulus
(follow curve of the needle to minimize tissue trauma)

1 2 3   4 5  

5. Tissue handling
(gentle manipulationwithout excessive tension and tissue trauma)

1 2 3   4 5  

6. Depth of bite
(proper depth of entry and exit points; proper and consistent depth 
of needle and suture)

1 2 3   4 5

7. Suture advance along annulus
(proper distance of suture travel in annulus, not too small or large) 

1 2 3   4 5  

8. Spacing between sutures
(even spacing; consistent distance from previous bite,
not too close or too far)

1 2 3   4 5 

9. Situating mitral ring
(proper orientation relative to the annulus; proper suture
placement from edge; proper suture spacing)

1 2 3   4 5  

10. Knot-tying 1 2 3   4 5  

(adequate tension, facility; follow for finger and hand
to secure knots, not too loose or tight)

11. Suture management/tension
(avoid entanglement; use tension and traction to assist exposure)  

1 2 3   4 5  

Definitions:
5. Excellent, able to accomplish goal without hesitation, showing excellent progress and flow
4. Good, able to accomplish goal deliberately, with minimal hesitation, showing good progress and flow
3. Average, able to accomplish goal with hesitation, discontinuous progress and flow
2. Below average, able to partially accomplish goal with hesitation
1. Poor, unable to accomplish goal; marked hesitation

Date
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   Table 19.3    Cardiopulmonary bypass        

 Reprinted from Hicks et al.  [  5  ] , with permission from Elsevier 
  CPB  Cardiopulmonary bypass,  TEE  Transesophageal echocardiography 

Resident name

Assessment

Year of training Date

Evaluator

Steps Satisfactory Comments

Initiation:

Assure adequate activated clotting time Y N

Communicate with perfusionist Y N

Check line pressure Y N

Assess venous drainage Y N

Vent placement Y N

Cardioplegia Y N

Cross-clamp Y N

Termination:

Removal of cross-clamp Y N

De-airing procedures Y N

Vent removal Y N

Weaning CPB:

Ventilator is on Y N

Temperature satisfactory Y N

TEE to assess intracardiac air Y N

TEE to assess cardiac function Y N

No bleeding in inaccessible areas Y N

Acceptable rhythm / pacing wires Y N

Need for inotropic support Y N

Termination of bypass Y N

Decannulation Y N

Economy of time 1 2 3 4 5

and motion 1= many unnecessary/
disorganized movements

3=organized time/motion,
some unnecessary movement

5=maximum economy of
movement and efficiency

Final rating (circle one) Demonstrates competence Needs further practice

Additional comments:
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residents did not verify the activated clotting time prior to 
cardiopulmonary bypass initiation. Four residents demon-
strated inadequate communication with the perfusionist, 
including lack of assertiveness and unclear commands. In 
crisis scenarios, management of massive air embolism was 
challenging with the most errors; poor venous drainage and 
high arterial line pressure scenarios were managed with 
fewer errors. For the protamine reaction scenario, all resi-
dents identi fi ed the problem, but in three cases, heparin was 
not re-dosed prior to resuming cardiopulmonary bypass for 
right ventricular failure. Based on a modular approach, tech-
nical skills and knowledge of cardiopulmonary bypass can 
be acquired and assessed using simulation, but further work 
employing more comprehensive educational modules will 
lead to mastery of these critical skills  [  5  ] .   

   Initiatives in Cardiothoracic Surgery 

 Despite progress to date, educational and logistical concerns 
of cardiothoracic surgery simulation training remain  [  3–  5  ] . 
Identi fi ed barriers to adoption include but are not limited to 
faculty time and commitment, facility and personnel cost, 
cost of equipment and supplies, trainee’s time away from 
clinical activity, identifying appropriate simulators, de fi ning 
comprehensive curriculum, and, perhaps the most challeng-
ing, organizational or specialty “buy-in”  [  4  ] . By de fi ning the 
educational objectives, simulation can be incorporated for-
mally in the residency program with scheduled courses and a 
means to provide adequate materials. Development of a tech-
nical skills curriculum at the national level has been through 
the Joint Council on Thoracic Surgery Education and locally 
by a number of institutions supported by institutional and 
national grants  [  1–  6,   10–  12,   33  ] . Incorporated into the skills 
training is emphasis on practice in the laboratory with forma-
tive feedback and at home using portable simulators. Weekly 
modular components, including coronary anastomosis, valve 
surgery, cardiopulmonary bypass, and crisis management, 
are directed at application of graduated skills with assess-
ment. This project will require the continued, dedicated 
efforts of cardiothoracic surgical educators. 

 The Thoracic Surgery Directors Association and the 
American Board of Thoracic Surgery organized the  fi rst Boot 
Camp at the University of North Carolina in August 2008 to 
provide focused simulation-based training for approximately 
one-third of all  fi rst-year cardiothoracic surgery residents in 
the United States  [  3,   5,   14,   15  ] . In the ensuing 3 years, the 
Boot Camp, with support from the Joint Council on Thoracic 
Surgery Education, has emphasized training of essential 
components of cardiothoracic surgery, directed resources to 
development of assessment tools, and established a venue to 
educate faculty in the utility of simulation-based learning. 

Along with basic surgical skills training for cardiothoracic 
surgery residents, the directive of the Boot Camp has been to 
evaluate and develop surgical simulators and to explore novel 
approaches to the surgical training using simulation. 

 To increase the group of expert educators in training resi-
dents and to disseminate novel training methods to residency 
programs were the basis for the development of the Senior 
Tour, which originally comprised 13 senior cardiothoracic 
surgical educators  [  4  ] . The intent of the initial Senior Tour 
session was to introduce the members to simulation-based 
learning and to provide them with an opportunity to train 
residents using these modalities. At the meeting in January 
2011, Senior Tour members evaluated the current simulators 
and identi fi ed methods to improve the training exercises, 
addressed constraints to simulation-based learning, and 
de fi ned the process of starting simulation programs. Although 
many simulators stressed important concepts of a certain 
task, they do not fully simulate the clinical operative experi-
ence (Table  19.4 ). Along with simulator development, rating 
scales for performance assessment were proposed for nine 
simulators  [  4  ] . By providing the necessary tools, such as task 
trainers and assessment tools, Senior Tour members can 
assist in initiating surgical simulation efforts locally and pro-
vide regular programmatic evaluation to ensure that proposed 
simulators are of value. The Senior Tour continues to expand 
and currently comprises over 20 retired cardiothoracic sur-
geons who are committed to surgical education.  

 One important issue in the implementation of skills ses-
sion in all specialties is whether time should be taken from 
clinical activity and directed into the simulation laboratory. 
Although some educators contend that such an approach 
would provide a favorable teaching experience in a con-
trolled, laboratory environment, it is not clear that clinical 
hours should be redirected into a simulated environment. 
Some institutions have already mandated scheduled time in 
the simulation laboratory. Other efforts have been made to 
customize the training so that a resident can focus on certain 
skills at a time not disruptive to clinical care. Many institu-
tions have employed physician extenders and technicians to 
provide access to and training in the simulation laboratory 
when the resident has clinical “downtime.” As the bene fi ts of 
simulation-based skills training become better de fi ned, we 
anticipate that there will be scheduled time in the laboratory 
that minimizes clinical con fl icts. 

 The cost of developing a surgical simulation laboratory 
remains challenging. Along with the requirement for space 
and equipment, such as operating room table, overhead light-
ing, and surgical instruments, unique to cardiothoracic sur-
gery is the reliance on tissue-based simulators and the need 
for refrigeration. Although many of the simulators have been 
developed by local surgical educators, important is alloca-
tion of resources for the purchase of disposables and the 
maintenance costs required with many simulators.  
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   Conclusion 

 Surgical simulation can provide a less stressful environment 
for graduated training of technical skills and training in crisis 
management; additionally, such an approach may be one 
means by which pro fi ciency can be assessed. The leadership 
in cardiothoracic surgery has provided focused programs to 
advance and formalize simulation-based learning, including 
the Thoracic Surgery Foundation for Research and Education 
Visioning Conference and the Boot Camp and Senior Tour 
supported by the Thoracic Surgery Directors Association, 
the American Board of Thoracic Surgery, and the Joint 
Council on Thoracic Surgery Education. These efforts have 
increased our understanding of the utility of simulators in 
education, resulted in the development of performance 
assessment, and provided a venue to address barriers to adop-
tion. Because procedures in surgery can be partitioned into 
components, one emphasis in cardiothoracic surgery simula-
tion has been to provide the trainee with models that can be 
used for deliberate and distributed practice. Ultimately, it is 
recognized that cardiothoracic surgery training must be 
pro fi ciency based. One challenge of a competence-based 
system of education is how to establish passing standards for 
technical skills ability; also, reliable and valid methods of 
assessment need to be developed if such a system is to be 
implemented. Thus, simulation-based learning may not only 
provide an opportunity to identify the methods for training 
and remediation but also help to de fi ne the competence lev-
els for each stage of training.      
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          Introduction 

 Emergency medicine is a specialty with a high decision load, 
and the decisions are typically high stakes. In addition, emer-
gency physicians work in an environment where effective 

communications and teamwork are essential to patient safety. 
These two factors combined with the wide range of uncom-
mon yet critical illnesses and breadth of procedures make 
simulation training in emergency medicine a necessity. 
Driven by these demands, the emergency medicine simula-
tion community has been at the forefront of simulation-based 
assessment and education over the last 10 years. This chapter 
will provide a description of the state of the art in emergency 
medicine simulation which is applicable to both emergency 
medicine educators and educators from other specialties. 
Much of what has been done well in emergency medicine 
can be easily applied to a variety of clinical disciples. 

 Simulation allows both practitioners and students to safely 
practice medical decision-making and procedural skills with-
out incurring risk to patients  [  1  ] . This allows critical learning 
to occur for the emergency medicine practitioner outside of 
the uncontrolled and chaotic environment of the emergency 
department. Initially described and used in the military and 
in aviation, simulation techniques have been used in the 
healthcare industry for over 40 years. In 1966 Dr. Stephen 
Abrahamson and Dr. Judson Denson developed “Sim One” 
at the University of Southern California  [  2,   3  ] . Gaba and 
DeAnda took the next steps in development of this technol-
ogy and educational techniques in the 1980s  [  4  ] . These ini-
tial efforts at lifelike human simulation lead to the now 
widespread adoption of the technique. In 1999, the  fi rst pub-
lished use of simulation training for the specialty of emer-
gency medicine appeared, detailing an advanced airway 
course which taught rapid sequence intubation (RSI)  [  5  ] . 
Based on the crew resource model, another landmark study 
was published in 1999 that described a simulation course to 
“improve EM clinician performance, increase patient safety, 
and decrease liability”  [  6  ] . Some of the initial descriptions of 
the use of simulation in emergency medicine education 
included a description of team training principles  [  6,   7  ] , 
a discussion of human responses to the simulated environ-
ment  [  8  ] , and a description of a simulation-based medical 
education service  [  9  ] . Since 2000, the specialty of emergency 
medicine has been a leader in the development of simulation 
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techniques, faculty training, systems integration, research, 
and policy. There is currently a strong national simulation 
community in emergency medicine that continues to work 
on future applications of simulation to high-stakes assess-
ment, maintenance of certi fi cation, patient safety, and qual-
ity. Indeed, as anesthesiology introduced the use of 
simulation, emergency medicine quickly helped advance the 
 fi eld in tandem.  

   Emergency Medicine Simulation History 
and Organization 

 Simulation in emergency medicine was  fi rst organized through 
the  Society for Academic Emergency Medicine  (SAEM). In 
2002, in response to a growing number of members inter-
ested in simulation, the SAEM Simulation Interest Group 
was formed. The emphasis of this group was to increase col-
laboration and advance the emerging  fi eld of medical simula-
tion. Its inaugural chair, Bill Bond, MD, also served as the 
EM representative to the national exploratory committee for 
the establishment of the Society for Medical Simulation, later 
renamed the Society for Simulation in Healthcare (SSH). As 
simulation matured within the  fi eld of emergency medicine, 
the SAEM Board of Directors established the Simulation 
Task Force to represent and support the organizational direc-
tion within the  fi eld of medical simulation. This group, origi-
nally chaired by Jim Gordon, MD, was established in 2005 
and elevated to a standing committee in 2007, the SAEM 
Technology in Medical Education Committee. In 2008, 
the two groups worked together to sponsor an Agency for 
Healthcare Research and Quality (AHRQ) funded Consensus 
Conference entitled “The Science of Simulation in Healthcare: 
De fi ning and Developing Clinical Expertise”  [  10  ] , which 
was held at the SAEM Annual Meeting in Washington DC. 
In 2009, the Simulation Interest Group and Technology in 
Medical Education Committee were combined to form the 
SAEM Simulation Academy, encompassing the goals, mem-
bership, leadership, and direction of both groups. This effort 
was spearheaded by Steve McLaughlin, MD. Rosemarie 
Fernandez, MD, was named the inaugural chair. The current 
focus of the Simulation Academy is to enhance education, 
research, and patient safety through the use of simulation. 
Recent Simulation Academy programs include consultative 
services for academic EM departments establishing simu-
lation programs, establishing collaborative research proj-
ects, and administering the SimWars competition, created 
and developed in 2007 by Yasuharu Okuda, MD, Steven. 
A. Godwin, MD, and Scott Weingart, MD, at national and 
international meetings. The  Council of Emergency Medicine 
Residency Directors , another EM national organization, set up 
a task force to create an oral board/simulation case bank. The 
simulation case development began in 2009, in  collaboration 

with the Simulation Academy and the Clerkship Directors 
in Emergency Medicine, and currently has over 75 assigned 
cases. The  American College of Emergency Physicians  
(ACEP) has a Simulation Subcommittee under the broader 
Education Committee. The focus of the ACEP Simulation 
Subcommittee is to investigate and create opportunities in the 
use of simulation for continuing medical education. Lastly, 
SSH has a Special Interest Group (SIG) in emergency medi-
cine, which is dedicated to improving the quality of emergency 
care using simulation. This interdisciplinary group works 
together to support programs at the International Meeting on 
Simulation in Healthcare (IMSH) as well as liaises with other 
leading EM organizations to the SSH.  

   The Science of Simulation in Emergency 
Medicine 

   Medical Students 

 With the growth of simulation in emergency medicine (EM) 
resident education as described in other sections of this chap-
ter, it follows naturally that these programs would bring sim-
ulation to their medical student clerkships as well. However, 
a complete description of the current state of EM-focused 
simulation in medical schools is dif fi cult as we have incom-
plete data from which to draw. Descriptions of medical stu-
dent use of all varieties of simulation exist, such as 
standardized patients, computer-based training, procedural 
trainers, and mannequin-based simulation. Chakravarthy 
et al. published the most comprehensive review of simulation 
in medical student EM education to date  [  11  ] , which exam-
ined the prevalence and research behind simulation in EM 
education focused on students. 

 Wide variation in the methods and use of simulation exists 
in medical schools, and EM education is no exception. 
A recent survey gathered data about the current state and 
challenges in simulation for EM clerkships  [  12  ] . In 60 insti-
tutions surveyed, 83% reported simulation was available to 
students during preclinical years. The majority of clerkships 
included some simulation, including 79% using high- fi delity 
simulation, 55% using task trainers, and 30% using low-
 fi delity simulations. The majority of programs spend less 
than 25% of their core curriculum hours in simulation exer-
cises, but actual time reported varied widely. When asked 
about barriers to increased simulation in their clerkships, 
88% reported faculty time as a barrier, with available time 
and  fi nancial considerations being the next largest barriers 
reported by 47 and 42% of respondents, respectively. Another 
survey of 32 clerkship directors with EM rotations that 
include third-year medical students reported that 60% 
included some simulation exposure, including one that used 
simulation as an evaluation tool for the students  [  13  ] . 
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 While we have increasing data demonstrating the use and 
effectiveness of simulation in graduate emergency medicine 
programs, data on EM simulation in medical schools remains 
sparse. Most outcome data in medical student simulation has 
been completed in other specialties such as anesthesiology 
and obstetrics, but some of the skills studied, such as resus-
citation and airway management, apply directly to EM. 
Simulation has been well described for use in teaching resus-
citation skills to medical students  [  14,   15  ] . 

 Over the past few years, there has been a growth in arti-
cles relevant to EM clerkship use, and these are well reviewed 
in the Chakravarthy article  [  11  ] . Some focus on demonstrat-
ing positive student perceptions of simulation exercises 
 [  16–  18  ] , others on simulation as a superior teaching tool ver-
sus traditional methodologies  [  19–  22  ] . Not all studies have 
demonstrated positive outcome studies favoring simulation. 
One study by Schwartz et al. showed no difference in exami-
nation scores between a Human Patient Simulator group and 
a Case-Based Learning group  [  23  ] . Another showed no dif-
ference in posttest scores between groups randomized to 
simulation exercises versus lecture on two subjects  [  24  ] . 
These mixed but promising studies show a need for more 
high-quality research into the effectiveness of simulation 
versus other modalities in EM student education and a need 
to examine which subjects and competencies are best taught 
by simulation. In addition, studies describing which students 
may bene fi t most from this sort of learning are also needed, 
as it is entirely possible that simulation is not a “one size  fi ts 
all” teaching modality. 

 Simulation as a patient safety and patient satisfaction tool 
has also been explored in at the medical student level. It has 
been demonstrated that emergency department patients’ per-
ceptions of students and their willingness to allow students 
to perform a procedure on them are improved if the patients 
are told the students have shown competence in that proce-
dure on a simulator  [  25  ] . Procedural training eventually 
requires practice on real patients and improving the patients’ 
comfort, and willingness to allow students to learn proce-
dures on them is important. Patients also deserve students 
who are prepared in the most thorough way before being 
subjected to procedures to reduce the likelihood for error and 
harm. As the majority of research and published descriptions 
of successful simulation in EM has been completed with 
residents, a real opportunity exists for future research look-
ing at using simulation for EM education in medical students. 
This position is re fl ected in statements from the SAEM 
Simulation Task Force research agenda from 2007  [  26  ] . 

 In summary, there are variations in the use of simulation 
in undergraduate EM education but growing evidence that it 
can be successful. The majority of undergraduate EM pro-
grams are using some simulation although the amount and 
types of simulation are not standardized and vary from com-
pletely replacing all didactics to nonexistent. Simulation 

would likely be used more if not for some well-described 
barriers such as faculty time and  fi nancial considerations. 
There is evidence that simulation can be a superior teaching 
tool to some more traditional methods for teaching students 
EM concepts and competencies, but further study is still 
needed in this area.  

   Graduate Medical Education 

 Simulation has been increasingly used in Graduate Medical 
Education (GME) programs for emergency medicine resi-
dent training. During the time period from 2003 to 2008, 
emergency medicine training programs reported that the use 
of some form of simulation increased from 29 to 91%  [  27  ] . 
Simulation has been shown to be an effective means of EM 
resident education and evaluation along the entire spectrum, 
from clinical knowledge and skill acquisition to teamwork 
training and development of interpersonal skills and profes-
sionalism. A comprehensive review of simulation in gradu-
ate medical education for emergency medicine was published 
in 2008  [  28  ] . 

 Most EM programs offering simulation-based teaching 
have added selected simulation modalities to their existing 
curriculum. Binstadt et al. described a revamped EM curric-
ulum utilizing a comprehensive approach to simulation-
based teaching  [  29  ] . McLaughlin et al. also describe a 
comprehensive 3-year curriculum that includes graduated 
complexity to match advancing PGY levels  [  30  ] . The 
Emergency Medicine Residency at the Mayo Clinic has also 
transitioned 20% of the core curriculum to simulation-based 
teaching without segregating junior and senior residents for 
the cases or debrie fi ng sessions  [  31  ] . 

 The standard educational conference is also being 
improved through the incorporation of simulation as an edu-
cational tool. Emergency medicine residents generally rate 
simulation-based training sessions higher than traditional lec-
tures  [  32  ] . There are existing models which demonstrate how 
to include simulation scenarios, standardized patients, task 
trainers, and small-group sessions within the format of a 5-h 
resident conference  [  33  ] . Simulation has also been shown as 
an effective alternative for morbidity and mortality (M&M) 
resident conferences  [  34  ] . In a simulation-based M&M con-
ference, the clinical scenario in question is actually re-created 
using simulation. The audience then actively evaluates the 
case in real time which increases learner involvement. 

 Simulation also appears to be an effective assessment tool 
for residency training programs  [  35  ] . The studies validating 
assessment tools for use in simulation in emergency medi-
cine are increasing  [  35–  38  ] . A study of pediatric residents 
found that high- fi delity medical simulation can assess a resi-
dent’s ability to manage a pediatric airway  [  39  ] . A study by 
McLaughlin et al. used simulation-based assessment as part 
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of a comprehensive assessment program to demonstrate 
competence of emergency medicine residents in the care of 
victims of sexual assault  [  40  ] . This type of study is an exam-
ple of how simulation can be used effectively along with 
other assessment tools to capture a more full picture of a 
learner’s performance. Simulation-based assessment has the 
potential to revolutionize competence assessment and may 
serve as a critical tool to accomplish the objectives of the 
ACGME Outcomes Project. Bond et al. identi fi ed that simu-
lation was most useful for addressing the patient care, sys-
tem-based practice (SBP), and interpersonal skills portions 
of the core competencies  [  41  ] . The system-based practice 
competency addresses the enormous variety of medical and 
social conditions as well as medical and nonmedical interac-
tions that an emergency physician will encounter on a daily 
basis. This speci fi c competency was addressed via a simula-
tion-based curriculum by Wang and Vozenilek  [  42  ] . Using 
direct observation by attending physicians and coresidents, 
checklist evaluation of competency criteria, and videotape-
based debrie fi ng, this curriculum emphasized SBP objectives 
such as appropriate consultation, patient    disposition, and 
resource utilization. Simulation has also been shown to be an 
effective way to assess multiple scenarios and procedures, 
encompassing the medical knowledge competency  [  43  ] . 
Professionalism in EM residents can also be assessed using a 
simulated environment as demonstrated by Gisondi et al. 
 [  36  ] . They evaluated residents by observing a scenario that 
focused on patient con fi dentiality, informed consent, with-
drawal of care, practicing procedures on the recently 
deceased, and the use of do-not-attempt resuscitation orders. 
With direct observation, potential weaknesses and areas for 
improvement were identi fi ed in different classes of residents, 
as well as demonstrating improved professionalism as they 
progressed during the training. 

 Caring for multiple patients simultaneously is also an 
important skill for emergency medicine physicians and rep-
resents a high-risk aspect of their practice. Simulation sce-
narios with two or more simultaneous patients are being used 
to develop multitasking, crew resource management, and 
decision-making skills without risk to actual patients  [  44  ] . 
Simulation-based assessments should also reliably discrimi-
nate between novice and experienced clinicians. Evaluation 
tools previously developed for emergency medicine oral 
examinations appear to be effective when used in a simula-
tor-based testing environment  [  35  ] . Crisis resource manage-
ment in critically ill patients was assessed in residents using 
a novel rating scale and found signi fi cant differences between 
 fi rst-year and third-year residents  [  45  ] . Another study of 
residents in a pediatric training program found that simula-
tion can reliably measure and discriminate competence  [  46  ] . 
A study of 44 emergency medicine residents found signi fi cant 
differences between novice and experienced resident physi-
cians who were tested on a patient care competency using 

time-based goals for decision-making  [  37  ] . These studies 
suggest that well-designed simulation-based assessment is 
an effective way to monitor the progress of residents through 
the training program. Developing guidelines for training that 
are geared towards outcomes rather than processes will be 
essential under the new accreditation model for GME. 

 There are opportunities for simulation-based education to 
satisfy speci fi c training requirements for emergency medi-
cine. Currently, the chief complaint competency, resuscita-
tion competency, and procedural competency requirements 
can all be effectively assessed using a simulation model. 
Although simulation is potentially well suited to such high-
stakes assessment until it is validated as described above, it 
should only be used in combination with other metrics with 
proven performance  [  46–  49  ] . Currently, in emergency medi-
cine, simulation-based assessment is used more often and 
very effectively for formative assessment. Simulation helps 
provide a medium by which faculty can objectively identify 
areas in which a learner needs improvement. When used for 
formative feedback, the goal is to improve performance 
through deliberate practice. 

 Simulation has become an integral part of emergency 
medicine graduate medical education in the last 10 years 
showing growth in both numbers of programs using simula-
tion and the sophistication of the curriculum and assess-
ments. The future of simulation in GME will likely include 
an increased role in high-stakes assessment as well as more 
robust research programs.  

   Continuing Medical Education 

 Nationally, the role of simulation in continuing medical edu-
cation (CME) has developed at a slower pace than that of 
GME and undergraduate medical education (UME). 
Currently, there is very little data on the role of simulation in 
CME for emergency medicine. However, there are a number 
of courses for practicing emergency physicians, which use 
simulation-based training to teach particular skills such as 
airway management, procedural sedation, or ultrasound. 
Most of these courses are independent and not organized into 
a comprehensive quality-focused CME program. In addition, 
there are some courses that have used simulation to develop 
teamwork in practicing emergency physicians. Some medi-
cal education companies offer  AMA PRA Cat 2 CME™  for 
completion of screen-based simulation training online. This 
limited application of simulation to CME in emergency med-
icine is beginning to change as it is increasingly seen as a 
tool to address the identi fi cation and closure of many perfor-
mance gaps for the practicing emergency physician. This 
change is partially driven by the maintenance of certi fi cation 
(MOC)/licensure (MOL) processes and hospital credential-
ing requirements. Emergency medicine would be a likely 
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candidate to develop simulation-based MOC requirements 
similar to anesthesiology. 

 Recently, a review of the literature, evidence, and best 
practices in CME was completed by the AHRQ  [  50  ] . This 
was followed up with a review article discussing the future of 
simulation in CME and lessons from GME/UME  [  51  ] . The 
conclusions of the AHRQ study were that the evidence is 
limited but does point to the effectiveness of simulation-
based teaching of psychomotor and communications skills. 
It also noted that current assessment tools are limited and 
that simulation is hindered by its somewhat high cost. 
Emergency medicine educators should take away from these 
studies the message that quality simulation-based education 
in CME requires prepared teachers, integrated curriculum, 
quality assessment tools, and strong alignment with other 
patient safety and quality efforts. CME providers should also 
build curricula that foster mastery learning, deliberate prac-
tice, and recognition and attention to cultural barriers within 
the medical profession.  

   Interprofessional Education and Emergency 
Medical Services 

 The Institute of Medicine recommends that “all health pro-
fessionals should be educated to deliver patient-centered 
care as members of an interdisciplinary team, emphasizing 
evidence-based practice, quality improvement approaches, 
and informatics”  [  52  ] . The emergency department is rich 
with opportunities to implement simulation-based interpro-
fessional education (IPE) for teams of physicians, nurses, 
pre-hospital personnel, respiratory therapists, social work-
ers, pharmacists, radiology technicians, other allied health 
professionals, and administrative support personnel. 

 Simulation provides an effective modality to enable inter-
professional teams to improve knowledge and attitudes 
regarding teamwork and to identify effective team skills  [  53  ] . 
Integrating IPE principles with simulation methods allows 
innovative educators to pull from the strengths of each to 
design realistic programs that have signi fi cant potential to 
affect the clinical environment  [  54  ] . 

 Simulation scenarios can and should be designed with 
each of the many involved disciplines in mind. Using both 
familiar and unusual case scenarios, ideas are generated 
directly from the real experiences of all disciplines, although 
it is important to develop a sustainable curriculum to address 
the long-term goals of the educational program  [  29  ] . Several 
scenarios can be linked to simulate a “regular workday” both 
to identify systems issues and to develop procedures address-
ing patient surges and disaster response. 

 At the inception of a program, representatives should col-
laborate to develop the desired learning objectives. Scenarios, 
as well as evaluation tools and metrics, should include 

 elements speci fi c to each discipline while simultaneously 
incorporating shared goals that bridge professional boundar-
ies. Immediate debrie fi ng incorporating facilitators from 
each professional group will serve to involve all individuals 
as active learners. A longitudinal collaborative evaluation 
process, addressing evolving objectives and program 
improvements, will help assure the sustainability of IPE pro-
grams. There are numerous examples of simulation-based 
team training in emergency medicine which are discussed in 
detail in one of the following sections. 

 There is also a growing body of literature to support sim-
ulation-based training and assessment in the emergency 
medicine services (EMS) community. Simulation has been 
used effectively for new skills acquisition  [  55  ] , for 
identi fi cation of gaps in knowledge or skills  [  56  ] , and for 
assessment  [  57  ] . Simulation has also been demonstrated to 
be an effective tool for teaching advanced disaster manage-
ment skills and response to weapons of mass destruction 
 [  58  ] . Paramedic students are similar to other learners in that 
they  fi nd current simulation technology to be adequately 
realistic and effective  [  59,   60  ] . Simulation can effectively 
address many of the barriers to EMS education including 
exposure to serious but uncommon events, skills mainte-
nance, and recerti fi cation. It should be considered a critical 
tool in modern EMS education.   

   The Art of Simulation in Emergency Medicine 

   Case Development and Scenario Design 

 There have been a variety of different approaches to case 
development in emergency medicine. The overall theme has 
been one of collaboration across the national emergency 
medicine organizations. Two speci fi c pathways to case devel-
opment include (1) creating tools and techniques for local/
institutional level case development and (2) organized larger 
initiatives to create peer-reviewed case banks for use by mul-
tiple programs. For local case development there are a large 
number of different approaches, models, and templates. One 
approach used at several centers is the “Eight-Step Model” 
of scenario design  [  28  ]  (Table  20.1 ). This model was devel-
oped at the University of New Mexico and is one example of 
a structured approach to case development. Often case devel-
opment is supported by the use of a structured template for 
recording the case material, objectives, and assessment tools. 
Emergency medicine educators have also successfully used a 
second approach detailed below.  

 Starting in 2010 there was an initiative by the Council of 
Residency Directors in emergency medicine and the 
Simulation Academy of the Society of Academic Emergency 
Medicine to update and revise an existing bank of cases used 
for oral examination practice. This initiative focused on building 
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a shared bank of cases following a standard template which 
could be used by residency programs for simulation-based 
education, mock oral cases, or as an assessment resource. 
Each case was submitted by experienced simulation faculty 
and went through a rigorous peer-review process. The cases 
are accessible to all residency program members from emer-
gency medicine. There are secure cases designed to be used 
for resident assessment as well as open-access cases which 
can be used to teaching or practice. This open-access portion 
of the website is available at   www.cordem.org    .  

   Equipment and Space 

 There has been strong growth in the use of simulation tech-
nology in emergency medicine since 2000, with the majority 
of accredited residency programs in the United States cur-
rently using some form of mannequin-based simulation  [  27  ] . 
Along with this trend has come a proliferation of simulation 
centers with technological resources and space dedicated to 
high-end clinical and procedural simulation, videoconfer-
encing, and standardized patient encounters. Of the three 
professional organizations that have created accreditation 
standards for simulation programs (the American Society of 
Anesthesiologists, the American College of Surgeons, and 
the Society for Simulation in Healthcare), only the American 
College of Surgeons lists speci fi c space and technological 
requirements for simulation centers. The SAEM Simulation 
Academy does not emphasize hardware or space require-
ments for simulation programs, recognizing that these are 
highly dependent on the educational goals and the resources 
available to individual programs  [  61  ] . Additionally, as high-
 fi delity simulators become increasingly portable and require 
less supporting equipment, it becomes less clear that a “ fi xed” 
simulation center is advantageous in every setting  [  28  ] . 
Successful in situ simulation can be conducted even within 
the con fi nes of an ambulance, and its use in the clinical 

 environment may indeed represent the natural evolution of 
the technology  [  62  ] . The following example provides a 
description of a dedicated space used for emergency medi-
cine simulation but is not intended to be prescriptive. 

 For high- fi delity patient care scenarios, the space used for 
simulation should match the clinical environment in terms of 
equipment, patient monitoring, and available personnel as 
closely as possible (Fig.  20.1 ). For emergency medicine-
speci fi c simulation, this includes a basic cardiac monitor 
capable of displaying simulated vital signs and which can be 
manipulated remotely, IV supplies (IV catheters and start-
kits, tubing,  fl uids, and an IV pole), equipment for managing 
airway emergencies (wall-mounted suction, bag–valve–
mask, intubation tray), and a de fi brillator and code cart. The 
added value of having functional equipment (e.g., suction, 
supplemental oxygen, de fi brillator capable of delivering 
shocks) is debatable and should not be viewed as requisite 
for successful simulation. Additional equipment such as ven-
tilators lends heightened realism to scenarios but at consider-
able cost and need for additional storage space. In situ 
simulation can mitigate many of these challenges, as sce-
narios can be conducted in the clinical environment with 
actual equipment.  

 In addition to the simulation space, consideration should be 
given to a control area from which to conduct the scenario. 
Ideally, this should include a “line of sight” (such as a one-way 
mirror) to the simulation area in order to facilitate quick adjust-
ments during scenarios in progress, as well as adequate sound 
proo fi ng to prevent interference from those conducting the sce-
nario (Fig.  20.2 ). This may require some creativity in the case 
of in situ simulation, where the ability to create adequate dis-
tance for those conducting the simulation can be dif fi cult. In 
these instances, a well-placed curtain or an adjacent doorway 
may be the best option. An area for observation and debrie fi ng, 
ideally in a location adjacent or close to the simulation area, 

   Table 20.1    The eight steps of scenario design   

 1. Objectives: Create learning/assessment objectives 
 2. Learners: Incorporate background/needs of learners 
 3.  Patient: Create a patient vignette to meet objectives which also 

must elicit the performance you want to observe 
 4.  Flow: Develop  fl ow of simulation scenario including initial 

parameters, planned events/transitions, and response to anticipated 
interventions 

 5.  Environment: Design room, props, and script and determine 
simulator requirements 

 6. Assessment: Develop assessment tools and methods 
 7.  Debrie fi ng: Determine debrie fi ng issues and mislearning 

opportunities 
 8.  Debugging: Test the scenario, equipment, learner responses, timing, 

assessment tools, and methods through extensive pilot testing 

  Fig. 20.1    Pediatric simulation lab       

 

http://www.cordem.org/
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should also be available (Fig.  20.3 ). Depending on the audiovi-
sual capabilities of the facility, this space can be used for video 
monitoring of ongoing simulation as well as post hoc review 
for debrie fi ng. Finally, it should be emphasized that dedicated 
space for equipment storage, as well as for fabrication and 
repair of materials used in simulation, is essential to any simu-
lation program and may be underestimated or overlooked in 
initial design.    

   Debrie fi ng 

 Debrie fi ng is a critical component of simulation education 
and is discussed extensively in Chaps.   6     and   7    . For debrie fi ng 
to be successful, it needs to be timely, focused, task based, 
and linked to established goals and objectives. The  fi rst part 
of developing a simulation program is identifying the learning 

objectives, which will be closely linked to the debrie fi ng 
content. It is important that the faculty debrief to the task/
learning objective rather than focusing on the learner being 
debriefed. In emergency medicine, video-assisted debrie fi ng 
immediately after the scenario is used frequently. Most often 
team performances are debriefed with the entire team, and 
this is especially important in simulations that include a vari-
ety of healthcare professionals. 

 The speci fi c debrie fi ng model varies widely across differ-
ent programs and with different learners. One common tech-
nique is the “Plus/Delta” model (what went well, the Plus vs. 
what can be improved, the Delta), which is useful for rela-
tively straightforward discussions  [  63  ] . The WISER 
Simulation program uses a model referred to as “GAS” 
which stands for Gather–Analyze–Summarize. This three-
step technique focuses on active listening followed by facili-
tating learner re fl ection and analysis of their actions and 
 fi nally a summary of lessons learned  [  64  ] . A third technique 
is the “Debrie fi ng with Good Judgment” model, which uses 
an advocacy–inquiry model to assist in the discovery of the 
participants’ “frame” or understanding of the situation that 
underlies the visible action  [  65  ] . This technique is useful to 
understand more complex individual and team behaviors. 
Emergency medicine educators have strongly embraced 
debrie fi ng because of its important role in deliberate practice 
and the development of mastery skills.  

   Funding 

 Simulation programs require substantial initial investments 
of capital and robust sources of operational funding for both 
personnel and equipment  [  66  ] . To successfully cultivate an 
array of funding sources, the leadership team should make 
use of all available resources within an institution. A combi-
nation of internal and external funding sources is necessary 
in many cases. Fortunately, simulation training appeals to a 
broad audience and tends to easily address the needs and 
goals of administrators, department chairs, program direc-
tors, hospital and university governing boards, governmental 
granting agencies, private foundations, and individual phi-
lanthropists. The concepts of patient safety, healthcare qual-
ity, and ef fi cient training and evaluation of providers resonate 
widely. When it is recognized that funding a simulation cen-
ter is a “win–win” situation for the institution, the providers’, 
and most importantly the patients’, funding tends to follow. 

 Those in a position to initiate a simulation program will 
need to advocate for the utility of simulation training and the 
ability of well-designed programs to serve the needs of the 
individuals, programs, and the institution. As the center 
matures, the need to maintain funding will require proof of 
effectiveness. Robust data collection and tracking will dem-
onstrate that a simulation center can help the institution 

  Fig. 20.2    Control room showing view of simulation area       

  Fig. 20.3    Debrie fi ng room       
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ef fi ciently meet its requirements from the Joint Commission, 
American Nurses Credentialing Center (ANCC), and the 
Accreditation Council for Graduate Medical Education 
(ACGME)  [  43,   45,   67–  69  ] . 

 Beyond even these requirements, consistent training and 
evaluation of providers to maintain skills and improve qual-
ity helps to justify  fi nancial outlay from administration. 
Reducing medical errors and improving quality through sim-
ulation may lead to a reduction in healthcare delivery costs 
and even a reduction in medical liability premiums  [  70  ] . 
Additional drivers such as maintenance of board certi fi cation 
make simulation a necessary element in ongoing training and 
provider evaluation  [  71  ] . Simulation funding should be 
viewed as an investment in quality, ef fi ciency, and safety. 

   Budget Allocations 
 An investment in a simulation program pays dividends 
regardless of the clinical environment. Whether serving a 
small contract group, a large multihospital group, or an aca-
demic program with a residency, budgetary allocations will 
provide the most consistent source of funding. Centers have 
been started and even operated for several years with funding 
from a single large grant, but sustainability relies on consis-
tent funding both for personnel and equipment. It becomes 
the job of the simulation leadership team to reveal the bene fi ts 
of simulation and leverage the many drivers to generate bud-
get allocations. As a simulation center develops a consistent 
source of funding, directors and staff can focus more of their 
energies on simulation program development and dissemina-
tion. Because simulation is increasingly being shown to 
improve real patient outcomes and even decrease healthcare 
costs, it has demonstrable value to all those who control 
operational and capital budgets. Those who control opera-
tional budgets often are the same individuals who will bene fi t 
from the data generated in a simulation center, helping them 
to ful fi ll training, reporting, and accreditation requirements.  

   Philanthropy 
 Foundations and individual donors are a critical source of 
funding for both capital and operational budgets. Capital 
purchases tend to be more appealing to donors, but the goals 
of various foundations differ. It takes a  fi rm understanding of 
the development process to work with potential donors to 
achieve mutually bene fi cial goals. This almost always 
requires that the simulation team work with a skilled and 
experienced development staff. These individuals can help 
identify potential donors, prepare presentations, generate 
publications, and facilitate the donation process. This 
involves balancing the needs of a simulation center with 
those of an entire institution, but often the appeal of simula-
tion attracts considerable interest. Smaller groups or those 
without development personnel may identify donors on their 
own. A grateful patient or family, a local foundation with a 
shared mission, or even personal connections can provide 

fruitful opportunities. It is important to recognize these very 
important contributions with naming rights, donor recogni-
tion displays, publications, and sponsorship materials. 

 Corporate donors can potentially provide funding through 
a variety of mechanisms. A company may be interested in 
providing discounted clinical equipment since it is to their 
advantage to have their product used by a large audience. 
They may be willing to rent space to train their sales repre-
sentatives and healthcare providers, or provide sponsorship 
for CME programs. Lastly, they may be willing to provide 
donations outright for naming rights to a simulation space. 

 Those with a direct stake in simulation training, including 
current faculty, physicians, and nurses, are often willing to 
make contributions through a giving campaign. Many pro-
grams have alumni funds that are used for education. Alumni 
easily recognize the importance of quality training opportuni-
ties for current trainees. A simulation center provides such 
tangible bene fi ts. When a donor sees a simulator, a task 
trainer, or a named simulation room, they know that their 
money is having a direct impact on training and patient care.  

   Granting Agencies 
 Federal agencies largely under Health and Human Services 
including NIH, HRSA, and AHRQ make speci fi c calls for 
funding proposals. Writing a federal grant application requires 
a signi fi cant level of experience and sophistication, a task 
made much easier if a support staff is available. Novice grant 
writers should seek to develop a track record of peer-reviewed 
publication and smaller grants before pursuing federal fund-
ing. State funding from EMS agencies can be a fruitful place 
to start, as can specialty-speci fi c granting bodies including 
the Society for Academic Emergency Medicine and the 
Emergency Medicine Foundation. Grants targeted not only at 
simulation but any program that involves patient safety, reduc-
tion of medical errors, and healthcare quality improvement 
may be suitable for simulation-based applications.  

   Fee Generation 
 Attempts are being made at some centers to operate on a fee-
for-service business model. The success of such a model 
depends on potential client mix and the ability of these client 
groups to establish and operate their own programs rather 
than turning to a third party. Medium to large groups, hospi-
tals, universities, and academic departments have the 
resources to seek funding in a number of areas, making an 
investment in creating a simulation program worthwhile. 
Individual practitioners and small groups may not be able 
create and operate their own simulation programs, thus are 
likely to be potential clients of a fee-for-service center. Future 
market conditions and an increasing desire for courses that 
incorporate simulation may lead some fee-for-service simu-
lation centers to a greater likelihood of sustainability. 

 Few centers are currently able to cover all operating 
expenses with fees alone. For most centers, fee generation 
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from CME and maintenance of certi fi cation courses will be 
most effective if viewed as a way to defray the cost of capital 
improvements and operations rather than a method to cover 
all operating costs or generate pro fi ts.   

   Faculty Development in Simulation 

 Emergency medicine faculty are similar to all simulation 
educators in that they should be familiar with the advan-
tages and disadvantages of simulation as an educational tool. 
Simulation will not be effective unless it is used as a well-
planned and thoughtful part of the entire curriculum  [  72  ] . 
Faculty time constraints and lack of training were the top 
two barriers to simulation use in a recent study of emergency 
medicine simulation users  [  27,   73  ] . Faculty members who 
are interested in providing educational sessions for physi-
cians in residency training must therefore be supported with 
adequate release time and training. General educational com-
petencies such as objective writing, feedback, and assessment 
are required skills in simulation  [  74–  76  ] . All faculty should 
also be experts in the clinical content area. Finally, the fac-
ulty member must develop expertise in simulation-speci fi c 
skills such as scenario design, debrie fi ng, and some technical 
knowledge about simulator operation, capabilities, limita-
tions, and programming. These skills can be gained through 
institutional level training programs or by attending specialty-
speci fi c meetings where simulation is a focus. Some exam-
ples of these include the AEM Consensus Conference, the 
Council of Emergency Medicine Program Directors Annual 
Meeting, or the ACEP Teaching Fellowships and Simulation 
Courses. Many emergency physicians have also received 
training at simulation-speci fi c national courses such as the 
Institute for Medical Simulation at the Center for Medical 
Simulation or at the International Meeting for Simulation in 
Healthcare. Simulation skills should be seen as a core com-
petency for emergency medicine faculty along with the more 
traditional teaching techniques.  

   Fellowships 

 With the almost universal use of simulation in emergency 
medicine training programs  [  27  ] , there is growing need for 
educators trained in how to use the teaching method effec-
tively. This has led to rapid growth in non-ACGME approved 
fellowships in simulation at a variety of simulation centers, 
many with active ED participation or leadership. As there is 
no recognizing body or regulation of such fellowships, so 
their content and focus varies widely. Many include master’s 
degree coursework in adult education or certi fi cates. These 
fellowships are often conducted at interdisciplinary centers 
and with interdisciplinary leadership that re fl ect the compo-
sition of their simulation centers which often merge  educators 

from different specialties. Funding can be provided by part-
time clinical work, department funds, grants, or institutional 
budgets  [  28  ] . 

 The Society for Academic Emergency Medicine lists six 
simulation fellowships (  http://www.saem.org/fellowship-di-
rectory    ): Alpert Medical School of Brown University, 
Massachusetts General, St. Luke’s-Roosevelt Hospital 
Center, Stanford University School of Medicine, Summa 
Akron City Hospital, and University of California, Davis. 
Each of these fellowships has their own unique strengths and 
design that are described below. Additional fellowships are 
being added every year, so this list is meant to provide a sam-
ple and is not a comprehensive catalog. 

 The MGH Fellowship in Medical Simulation in Boston is 
a tailored program over 1–2 years and includes an estab-
lished curriculum in the Harvard Macy Institute and the 
Institute for Medical Simulation. Fellows here run the 
“On-Demand Medical Education Service” which has been 
previously published  [  1,   9  ] . Certi fi cates in teaching and 
learning and other advanced certi fi cates are available. 
Fellows work approximately half time clinically as an EM 
attending at MGH or an af fi liate. The St. Luke’s-Roosevelt 
program is one of the newest fellowships listed at SAEM and 
is located in New York City. Taking two people per year as 
about 20 h clinical, it is a 1-year fellowship and is a joint 
effort with other departments including critical care. 

 The Stanford University fellowship in California is one of 
the oldest and most established fellowships. It is a 1-year fel-
lowship with work at four separate simulation centers. Fellows 
attend in the hospital emergency department. The Summa 
Akron City fellowship is a 1–2-year program in Akron, Ohio, 
and accepts up to two fellows per year. Fellows work in sev-
eral simulation laboratories and attend in the emergency 
department at one of three local EDs. The University of 
California, Davis, simulation fellowship is a 1- or 2-year pro-
gram, and fellows participate both at the center and in local 
disaster preparedness training. Fellows work part-time as 
attending    physicians in the emergency department at the UC 
Davis Medical Center. The STRATUS Center for Medical 
Simulation Brigham and Women’s Hospital has a 2-year fel-
lowship that includes matriculation into Harvard Graduate 
School of Education for a master’s degree in education.   

   Simulation-Based Education 

   Team Training 

 High-quality healthcare in essentially all clinical specialties 
requires a high level of team performance. Nowhere is this 
more apparent than in emergency medicine where rapid, 
accurate decision-making and communication must all operate 
ef fi ciently and effectively to provide optimal care. Errors in 
communication and inef fi ciencies in team dynamics can lead 

http://www.saem.org/fellowship-directory
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to delays, incorrect treatment, and adverse outcomes  [  77  ] . 
By creating a structure to deliberately practice critical team 
skills in a systematic fashion, dissecting and debrie fi ng all 
elements of a complex team dynamic, simulation training 
provides an opportunity that cannot be accomplished easily 
in a real-world setting. 

 The principles of team dynamics have evolved largely from 
other  fi elds, most notably the  fl ight industry. Crew resource 
management (CRM) principles are widely used in simulator-
based exercises for pilots and  fl ight crews  [  78  ] . CRM formed 
the basis for the development of the TeamSTEPPS ®  program 
by the Agency for Healthcare Research and Quality, a pro-
gram that has come into wide usage for healthcare team train-
ing  [  79  ] . The elements of effective team training include team 
structure, leadership, situation monitoring, mutual support, 
and communication. Each of these elements is further subdi-
vided to include key components that can be easily incorpo-
rated into simulation scenarios. 

 It is important to recognize that team training should itself 
form the simulation case objectives, leading to a delineation 
of the critical actions and development of evaluation tools. 
Often, learners will naturally focus on the medical manage-
ment elements of a case, but when team training is the goal, it 
becomes the role of the scenario author and director to clearly 
de fi ne the goals, design the scenario to incorporate the critical 
elements, and focus on these elements in the debrie fi ng. 

 Robust observation and evaluation tools such as the 
TeamSTEPPS ®  performance observation tool, the 
Behaviorally Anchored Rating Scale (BARS), and Behavioral 
Assessment Tool (BAT) can be useful adjuncts to scenario 
design, learner evaluation, and debrie fi ng  [  79,   80  ] . Using 
such tools importantly focuses the objectives on the critical 
elements of team function. 

 Assembling the team to perform simulation training can 
present some challenges. Creating “buy in” and convincing 
administrators to allocate funds for training requires identi-
fying discipline-speci fi c drivers. Administrators easily rec-
ognize the value of simulation training once they become 
familiar with the ways in which it can help them train and 
evaluate staff, collect data for reporting requirements (e.g., 
Joint Commission, ACGME, ANCC), address patient safety 
goals, and contribute to the reduction of medical errors. 
Evidence is building in the literature to support these asser-
tions  [  81  ] . Additionally, offering CME and CE credit often 
helps to serve the needs of both the simulation program and 
individual providers. Building team dynamics and esprit de 
corps in the real clinical setting has intrinsic value. “If we 
practice how we play, we play how we practice” resonates 
with both providers and departmental leaders. 

 Emergency medicine is uniquely positioned to take 
advantage of multidisciplinary and multispecialty team 
training opportunities, interacting with virtually every clini-
cal specialty and often intersecting at the point where well-
developed team skills can affect patient outcome. A trauma 

resuscitation bay, for example, is a nexus of interdisciplin-
ary care requiring physicians, nurses, paramedics, and ancil-
lary staff to function together ef fi ciently and expertly. In the 
real clinical environment, team members change regularly. 
A single team with consistent individual members familiar 
with each other may be elusive. Incorporating standardized 
team training on a regular basis with all members of a 
department leads to more clearly de fi ned expectations and 
greater consistency in care. 

 In an OR setting, team training has been shown to decrease 
patient mortality  [  82  ] . In the emergency department, team 
training can be applied to an array of multidisciplinary clini-
cal scenarios. The high-intensity, low-frequency events such 
as mass casualty situations, pediatric arrest, emergent obstet-
rical delivery, and neonatal resuscitation all provide an 
opportunity to bring providers from several specialties and 
healthcare disciplines together for team training. Beyond the 
low-frequency events, using simulation to drill the more rou-
tine intradepartmental scenarios can improve team dynam-
ics. ST-elevation myocardial infarction, stroke, respiratory 
distress, status asthmaticus, status epilepticus, and toxico-
logic emergencies are just some of the contexts within which 
such team training can take place. 

 Simulation can be used to develop and troubleshoot new 
protocols and systems that require a highly ef fi cient team 
function. “Code STEMI,” “Code Stroke,” and sepsis response 
protocols, for instance, incorporate an array of moving parts, 
personnel, and equipment that must function seamlessly. 
A change in one or two variables may impact the delivery of 
essential interventions – door-to-balloon time, door-to-drug, 
or time-to-antibiotics. Rather than altering variables in the 
real clinical setting, changing them in a simulated setting can 
allow examination of their impact and help troubleshoot sys-
tems and provide an ef fi cient, safe avenue to explore quality 
improvement. Team training is an essential part of quality 
healthcare delivery and patient safety, and simulation pro-
grams can clearly impact the many facets of healthcare team 
dynamics to optimize patient outcomes.  

   Procedural Training 

 The use of simulation to train practitioners to perform both rou-
tine and rare or high-risk procedures has gained traction among 
virtually every procedure-based specialty. This approach to 
training is founded not only on pragmatic  considerations of 
patient safety but also on the concept of skill acquisition through 
deliberate practice  [  83–  85  ] . Advanced surgical simulators have 
been developed for training in endoscopy and laparoscopy and 
have demonstrated a high degree of transfer of training to the 
clinical setting  [  86  ] . Likewise, obstetric simulators have been 
linked to improved technical pro fi ciency, self-reported 
con fi dence and teamwork, and decreased incidence of compli-
cations such as shoulder dystocia  [  87  ] . 
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 Task trainers have become commercially available for a 
wide array of emergency department procedures. Products 
that offer a high degree of physical  fi delity appear to be of 
greatest utility for procedures (e.g., intubation) that require 
complex motor movements and precise navigation of ana-
tomic structures. Medical students trained on simulators can 
achieve pro fi ciency with uncomplicated intubation in as little 
as 75–90 min  [  88  ] , and clinicians trained on simulators per-
form equally well on fresh cadavers and live patients  [  89  ] . 
Procedures such as cricothyrotomy and chest tube placement 
are frequently taught with either commercially available prod-
ucts such as TraumaMan (Simulab Corp., Seattle, WA) or 
improvised synthetic or tissue-based task trainers. While these 
techniques are employed widely, the evidence for their ef fi cacy 
in knowledge transfer to the clinical setting is limited. 
Additionally, there is sparse and con fl icting data as to the com-
parative effectiveness of commercial task trainers versus tis-
sue-based simulation for invasive procedure training  [  89,   90  ] . 

 Psychological  fi delity, or the degree to which a simulation 
incorporates the constituent elements of a targeted task, is of 
greater importance for skill acquisition than physical  fi delity 
 [  91  ] . This is especially true for novice learners and for less 
complex tasks. Procedure training should emphasize the cog-
nitive and motor elements involved in a given procedural skill 
and should seek a high degree of physical  fi delity only for 
complex tasks or those performed by experienced users. 
While commercial task trainers have been designed for many 
diagnostic and resuscitative procedures encountered in the 
emergency department, some can be realistically simulated 
via the creative application of conventional materials. Task 
trainers for cricothyrotomy, venous cutdown, and chest tube 
placement, among others, can be performed using a combina-
tion of conventional medical equipment and either simulated 
or actual (animal or cadaver) tissue (Figs.  20.4  and  20.5 ). 
Given the high cost of many commercial task trainers, these 
creative solutions provide an appealing option for training in 
basic procedures. A number of procedure-based simulation 
curricula have been designed for healthcare providers at all 
levels of training. Those seeking curricula targeted towards a 
speci fi c procedure (e.g., lumbar puncture) or learner group 
(e.g., medical students) often face the question of whether 
curricula already exist and have been used successfully by 
other institutions. While there is currently no comprehensive 
resource for simulation curricula, a number of useful resources 
do exist. MedEdPORTAL (  www.mededportal.org    ), an online, 
peer-reviewed educational resource created by the AAMC, is 
widely used for the dissemination of simulation curricula. For 
emergency medicine-speci fi c content, the Council of 
Emergency Medicine Residency Directors (CORD-EM), 
along with the Simulation Academy of the Society for 
Academic Emergency Medicine (SAEM), has created an 
online bank of peer-reviewed simulation cases which is dis-
cussed above. Both resources are available to simulation edu-
cators free of charge.    

   Integrated Simulation Curriculum 

 When selecting or designing a simulation curriculum, atten-
tion should be paid to the speci fi c goals and objectives of the 
simulation experience, the training and experience level of 
the target audience, and the number of contact hours required 
to complete the curriculum. Table  20.2  demonstrates one 
sample of a curriculum which is designed as a 1-year intro-
duction to core procedures for PGY I emergency medicine 
residents. The curriculum takes place over ten sessions of 2 h 
each, and each session includes reading material, a pretest, 
and hands-on practice in the simulation lab. The sessions are 
taught in small groups with only the PGY-1 residents pres-
ent. The other residents participate in their own level-speci fi c 
training during the same time.  

 Procedure training is a cornerstone of emergency medi-
cine simulation, and those seeking to incorporate it into their 
training programs should not feel constrained by lack of 
funding or access to commercially available task trainers. 
Successful curricula for the vast majority of clinical proce-
dures can be created by emphasizing the psychological 
 fi delity of the experience to the procedure being taught, 

  Fig. 20.4    Venous cutdown simulation       

  Fig. 20.5    Chest tube simulation       

 

 

http://www.mededportal.org/
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 having clearly de fi ned goals and objectives for learners, and 
understanding the baseline experience level of trainees.   

   Conclusion 

 The use of simulation-based education and assessment is 
robust in emergency medicine for medical students and 
 housestaff. It is a matter of time when faculty level  education 
and assessment will catch up as simulation is engrained in 
the fabric of emergency medicine education, assessment and 
maintenace of certi fi cation, during the last decade emergency 
medicine has been at the forefront of simulation and is poised 
to be leaders of the  fi eld in the future.      
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          Introduction 

 Simulation has been a great asset to many  fi elds, perhaps most 
notably aviation. De fi ning simulation as any arti fi cial item or 
method that mimics in some way a body part or a  Real Life 
situation, the  fi eld of dentistry has employed simulation almost 
since the inception of the  fi rst dental college, which was char-
tered in 1840  [  1  ] . Since these early times, simulation in dental 
education has progressed from the use of oversized models of 
teeth, to simulated patients, high- fi delity virtual reality  [  2  ] , 
haptics  [  3–  7  ] , and most recently robotics  [  8  ] .  

   Importance of Simulation to Dental Education 

 Although a variety of medical specialties, such as surgery, 
involve substantial expertise in technical or psychomotor 
skills, virtually all  fi elds of dentistry are very reliant on the 
ability of the dentist to have well-developed surgical and 

psychomotor skills. Much of what a dentist does involves the 
use of instruments, like high-speed dental drills (handpiece), 
that have the capacity to cut through and potentially harm 
any tissue in contact with the device. In addition, these instru-
ments are used in environments that present access chal-
lenges, offer less than optimal light, are mobile, and are often 
obscured by blood and saliva. Skill and con fi dence using 
these instruments are paramount for the protection of the 
patient. 

 Due to the nature of the practice, the reliance on simula-
tion for dental education is quite mature and may actually 
exceed other healthcare specialties, to the surprise of many. 
Dental students must achieve an acceptable level of com-
petence prior to actual patient care since most procedures 
on teeth are irreversible, and learning these skills solely on 
patients is not an acceptable practice. Other dental procedures 
such as endodontics (root canal therapy)  [  9  ] , oral surgery  [  10,   11  ] , 
and periodontal surgery are likewise irreversible, and patient 
harm can occur if procedures are not performed by stu-
dents with acceptable levels of skills. Although some dental 
techniques such as suturing  [  12  ] , impressions, or calculus 
removal can be learned on patients, for optimal patient care, 
a certain level of skill should be obtained in almost all clini-
cal procedures prior to the start of patient care. Hence, most 
psychomotor skills are  fi rst learned in a simulated manner 
before students progress to direct patient care. Simulation 
is essential since it allows procedures to be repeated many 
times thus assuring the student demonstrates a consistent, 
acceptable level of skill and procedural competence.  

   Patient Simulation 

   Mannequins 

 Mannequins are a relatively new addition to the armamen-
tarium for teaching dental skills, but are now commonly 
found in most dental schools. In order to simulate a patient, 
mannequins of the head which include the simulated 

      Simulation in Dentistry and Oral Health       

     Riki     Gottlieb,       J.   Marjoke   Vervoorn, 
and       Judith     Buchanan            

  21

    R.     Gottlieb ,  DMD, FAGD   (*)
     Virtual Reality Simulation Laboratory, 
International Dentist Program , 
 Virginia Commonwealth University School of Dentistry ,
  520 N 12th St ,  Richmond ,  VA ,  USA  

   Department of General Practice, Admissions , 
 Virginia Commonwealth University School of Dentistry ,
  520 N 12th St ,  Richmond ,  VA ,  USA    
e-mail:  rgottlieb@vcu.edu  

     J.  M.   Vervoorn ,  PhD, DDS  
     Educational Institute ,  Academic Centre 
for Dentistry Amsterdam (ACTA) ,
  Gustav Mahlerlaan 3004, 1081 LA ,  Amsterdam , 
 The Netherlands    
e-mail:  j.vervoorn@acta.nl  

     J.     Buchanan ,  MS, PhD, DMD  
     School of Dentistry ,  University of Minnesota ,
  15-209 Moos Tower, 515 Delaware St. SE , 
 Minneapolis ,  MN ,  55455 ,  USA    
e-mail:  buchanan@umn.edu   



330 R. Gottlieb et al.

 masticatory system, sometimes including the upper torso 
(Figs.  21.1  and  21.2 ), can be used in conjunction with simu-
lated arches containing plastic teeth (dentoforms)  [  13,   14  ] . 
Students can perform dental procedures in the simulated 
mouth and the presence of the head and torso adds to the 
reality of the simulation and is very helpful in developing 
good ergonomic skills. Simulation labs of this type are 
becoming quite popular in preclinical education in the USA 
and are often coupled with other technology such as comput-
ers. It is unclear, however, if the use of this type of simulation 
laboratory improves student learning or prepares students 
better for direct patient care  [  15,   16  ] .    

   Standardized Patients 

 Standardized patients  [  17  ]  (see Chap.   13    ) have been used in 
medical education since the early 1960’s and were  fi rst 
reported in dental education in 1990  [  18  ] . Standardized 
patients are very helpful in developing appropriate commu-
nication and interpersonal skills for dental students, eliciting 
a thorough medical and dental history, completing a head 
and neck exam, and completing accurate and appropriate 
record keeping. Unfortunately, standardized patients are not 
available at many health science centers and if available, may 
be cost prohibitive for many dental schools.   

   Web-Based and Computer-Based Simulation 

   Case-Based Simulations 

 Computers can be extremely helpful in simulating patients or 
presenting case scenarios  [  19–  22  ] . In case-based computer 
programs, students are presented a narrative that represents a 
patient encounter. The students can interact with the program 
that provides responses to a variety of interventions includ-
ing answers to a series of questions relating to medical his-
tory, diagnostic test results, orders, possible diagnoses, and 
the development of appropriate treatment plans. These pro-
grams are becoming more and more interactive, allowing for 
more pertinent feedback to the student.  

   Simulation-Based Assessment 

 Since the early 1990s, computer simulations have been con-
sidered for dental licensure examinations or other evalua-
tions and testing applications; however, when used for these 

  Fig. 21.1    Simulated head with torso (Used with permission from the 
KaVo Group)       

  Fig. 21.2    Simulated head and 
torso with masticatory system 
(Used with permission from the 
KaVo Group)       

 

 

http://dx.doi.org/10.1007/978-1-4614-5993-4_13


33121 Simulation in Dentistry and Oral Health

purposes, reliability and validity are of utmost concern  [  23  ] . 
The goal when using simulation for education is to achieve 
performance improvement, whereas simulation for dental 
licensure examinations is used to ensure that the provider has 
reached competency. This requires that simulation for these 
high-stakes assessments must meet a higher standard in reli-
ability and criterion validity. The advantages, however, of 
using simulation for dental examinations, assuming the level 
of reliability and validity is suf fi cient, are compelling. 
Simulation may have a greater potential validity, is safer in 
comparison to using live patients, and may be less expensive 
and easier. Some schools use simulation to assess students 
during their education, but advanced simulation is not cur-
rently used in any clinical examination for state licensure. As 
simulations in dentistry become more and more advanced, 
their use in dental licensure examinations will receive more 
consideration.  

   Computer Imaging 

 Recent advances in computer imaging have allowed for the 
production of very accurate 3D dental models of the oral 
apparatus by destructive scanning, laser scanning, or direct 
imaging of teeth  [  24–  27  ] . Also imaging systems have been 
used to capture 3D images of mandibular motion  [  25  ] . The 
technology of computer imaging is important in the educa-
tional component of dentistry since it can dictate the relation 
to reality. Computer imaging is instrumental in simulations 
using virtual reality and/or haptics. Accurate and detailed 
imaging is critical because dental procedures require mea-
surements in the tenths of millimeters; hence, virtual images 
must have very high resolution to order to evaluate such pre-
cise detail.   

   Virtual Reality-Based Technology (VRBT) 

   DentSim System 

 Mannequin-based simulation has become the standard of 
preclinical teaching in dental schools as described at the 
beginning of this chapter. Over a decade ago, a computerized 
dental simulator was developed by DenX Ltd. (presently 
owned by Image Navigation Ltd., Fig.  21.3 ). This new vir-
tual reality simulator allows students to receive immediate, 
three-dimensional, audio, and written feedback of their work 
on arti fi cial teeth (such as cavity, crown, and endodontic 
access preparations) and to review their work on video. This 
computerized simulator can be installed on an existing tradi-
tional mannequin, with the addition of a computer, camera, a 
special handpiece (dental drill), and a reference body that 
functions as the tracking device  [  2  ] .  

 The DentSim tracking system technology is based on the 
principles of GPS (global positioning system) technology. 
The optical system uses a camera to track a set of light-
emitting diodes (LED), located on the dental handpiece and 
on the simulator’s jaw. The LEDs send infrared signals that 
are picked up by the camera which is located above the 
workstation. The handpiece LEDs provide data indicating 
the motions of the user, while the LEDs attached to the jaw 
provide data regarding the location of the teeth. Once the 
camera has picked up the signals, the exact location of the 
tip of the bur (dental drill bit) in relation to the tooth may be 
calculated. This information is transferred to the computer 
and displayed through virtual simulation and as a color-
coded, three-dimensional, tooth image. 

 Using the virtual reality simulator, the student’s work is 
recorded and compared to an ideal preparation that is prede-
signed or selected by the course director from the software 
database. The students can view an accurate image of the 
ideal preparation, the student’s preparation, and the exact 
measurements of each preparation in every dimension. 

 Several studies have been conducted to test the validity of the 
DentSim system. This is the only technology of its kind that has 

  Fig. 21.3    Virtual reality-based simulator (DentSim TM , Image Navigation 
Ltd. Used with permission)       
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been evaluated in the scienti fi c literature. One study demon-
strated that when trained with the virtual reality simulator, start-
ing at a minimum of 6 h dental, students learn faster than their 
peers in the traditional preclinical course, arrive at the same 
level of performance as expected of students trained in a tradi-
tional manner, accomplish more practice procedures per hour, 
and request more evaluations per procedure or per hour than in 
the traditional preclinical laboratories  [  28  ] . Another study sug-
gested that virtual reality technology has the potential to provide 
an ef fi cient and more self-directed approach for learning clini-
cal psychomotor skills. That study showed that students using 
only traditional instruction received  fi ve times more instruc-
tional time from faculty than did students who used the virtual 
reality simulation system. There were no statistical differences 
in the quality of the preparations  [  29  ] . Several studies have 
shown an improvement in course performance through higher 
examination and course scores  [  30–  32  ]  as well as a decrease in 
overall course failure rate and elimination of student remedia-
tion by more than 50%  [  31,   32  ] . In addition, studies have shown 
the advantage of dental students using virtual reality simulators 
to learn psychomotor skills, as well as examined faculty mem-
bers’ evaluation and expectations of employing this relatively 
new technology  [  33  ] . Results for other studies support the use 
of VRS in a preclinical dental curriculum. This virtual reality-
based technology is currently being used in several dental 
schools around the world (Fig.  21.4 ). This system has many 
capabilities which allow speci fi c adaptation and curricular inte-
gration based on the individual school’s requirements.   

   EPED System 

 EPED stands for ef fi ciency, professionalism, education, and 
dependability. EPED’s main product is the Computerized 
Dental Simulator (CDS-100), which  combines a  simulation 
system, an evaluation system, and 3D virtual reality technology 

 [  34  ] . CDS-100 system is based on exactly the same approach 
as the DentSim and comprised of a dental handpiece for drill-
ing a cavity in a plastic tooth; a three-dimensional sensor with 
six degrees of freedom attached to the dental handpiece, which 
provides the system with the position and orientation of the 
handpiece; and a data processing and display unit for display-
ing the procedure  [  34,   35  ]  (Fig.  21.5 ). There is no scienti fi c 
evidence of its use at this time; however, it is expected to have 
similar educational bene fi ts as the DentSim system.   

   Second Life 

 Dental education has been assessing the value of distance 
education and the steps required to deliver technology-based 
learning while providing high-quality patient care teaching 
methods for dental and dental hygiene students.  Second Life  
(SL) is a three-dimensional technology that provides simu-
lation-based virtual settings. Activities in SL provide a way 
to combine new simulation technologies with role-plays to 
enhance instruction in diagnosis and treatment planning. Case 
studies and role-plays have been used as effective evaluation 
mechanisms to foster decision-making and  problem-solving 

  Fig. 21.4    Advanced Simulation Clinic, University of Minnesota, School 
of Dentistry       

  Fig. 21.5    CDS 100 virtual reality simulator by EPED (Imaged used 
with permission)       
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strategies in the delivery of patient care. It is a newly emerg-
ing technology and its bene fi ts are yet to be reported in the 
scienti fi c literature  [  36  ] .   

   Technology with Haptic Focus 

 The growth of computer hardware and software has led to the 
development of virtual worlds that support the  fi eld of 
advanced simulation. Virtual reality (VR) creates virtual 
worlds using mathematical models and computer programs, 
allowing users to move in the created virtual world in a way 
similar to real life. Adding haptic technology to the VR world 
provides users with the ability to interact with virtual objects 
within the virtual environment via feel and touch. A dental 
training system using a haptic interface requires haptic ren-
dering to generate force feedback and drilling simulation for 
the material cutting behavior from the virtual tooth model. 

 Haptic dental trainers enable students to learn and prac-
tice in a safe and almost real environment. Whereas tradi-
tional simulation laboratories restrict skill development to 
practicing on unrealistic plastic teeth, a virtual simulation lab 
offers the opportunity to let students learn in a realistic, 
pathology-oriented basis. A large variety of realistic clinical 
problems can be simulated in the virtual environment to 
assure the acquisition of the essential competencies to man-
age a multitude of pathologies. Problem solving, treatment 
planning, as well as performing treatment can also be learned 
in this environment before the students encounter actual 
patients in the dental clinics. Introduction of a virtual clinical 
lab decreases the gap between the traditional preclinical 

 curriculum and the clinics (Fig.  21.6 ) by adding more realis-
tic scenarios in the preclinical training environment. The 
realistic scenarios embed integration of the theory in the pre-
clinical phase and stimulate further theoretical inquiry as a 
result of virtual clinical experiences.  

 In the virtual clinical lab, students can encounter and provide 
treatment to a variety of simulated patients with dental pathol-
ogy. Although the use of actual extracted teeth in the preclinical 
simulation lab may add some reality and pathology, it is impos-
sible to offer students similar cases and scenarios without virtual 
capabilities. Besides, it becomes clear that current restrictions 
on the use of extracted teeth as well as their limited availability 
in some regions make their use more dif fi cult. Because of this 
shortage of suitable extracted teeth, it is hard for students to train 
and assess all skills taught in the preclinics. 

 Another advantage of the virtual clinical lab is the ability 
to combine the standardization of exercises, as the students 
would experience in the present preclinical environment, 
with the realistic scenarios as encountered in the clinic. This 
ability provides an excellent environment for competency 
development. Other VR-related advantages include the abil-
ity to assess complete processes instead of the end result, 
while allowing students the opportunity to practice exercises 
without limits and without the need to use exhaustible mate-
rials like drills and plastic teeth (Fig.  21.7 ).  

 The virtual lab also has some limitations. Not all proce-
dures are equally suitable for training in a virtual clinical lab. 
For instance, applying  fi lling material, matrix band, and 
wedge procedures might be hard to train virtually. Also feel-
ing and handling of teeth in virtual reality is not as rich and 
versatile as it is in the real world. The virtual clinical lab 
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Traditional preclinical lab

Traditional preclinical lab Virtual clinical lab Clinic

Clinic

Larger gap

Decreased gap

  Fig. 21.6    The virtual clinical 
lab integrates theory and 
decreased the gap to the clinic       
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should be considered an adjunct to the learning potential of 
the existing preclinical lab, not a replacement. Combining 
them provides the opportunity to use the best of both worlds 
in preparing for the clinics. 

 Recently, VR simulators using haptic feedback have been 
introduced into the dental curriculum as training devices for 
manual dexterity acquisition in tooth probing and prepara-
tion tasks. Various systems have been developed of which a 
few are on the market or entering the market  [  37–  40  ] . 

 PerioSim is an example of a haptic technology system 
that uses a periodontal probe  [  37  ] . It was developed at the 
University of Illinois at Chicago through joint efforts of the 
College of Dentistry and the College of Engineering. The 
system consists of a high-end computer workstation, a haptic 
device, and a stereoscopic computer monitor with stereo 
glasses. It was developed for training and evaluation of per-
formance by students in periodontal probing and detecting 
the feel of a caries-active white spot lesion. 

 A realistic 3D human mouth is shown in real time, and the 
user can adjust the model position, viewpoint, and transpar-
ency level. The haptic device allows the student to feel the 
sensations in the virtual mouth. The instrument pressure (in 
grams of force being applied to the gingival area) can be 
viewed and recorded. A control panel is available for  fi ne 
control of a variety of parameters such as instrument and 
model selection, degree of model transparency, navigation, 
haptic  fi delity of tissues, and tremor modulation. 

 The system allows instructors to create short scenarios of 
periodontal procedures, which can be saved and replayed at 
any time. The 3D component permits students to replay the 
procedure from any angle. This allows the user a unique 
advantage to observe different views of the placement of the 
instrument and gingival relationships during a given proce-
dure. It appears that the PerioSim is considered as highly 
realistic with proper feedback for teeth and instrument  [  41  ] . 

 VOXEL-MAN Dental  [  38  ]  was developed by the VOXEL-
MAN group within the University Medical Center Hamburg-

Eppendorf. The VOXEL-MAN Dental (Figs.  21.8  and  21.9 ) 
is a compact unit that comes in a variety of con fi gurations 
including a tabletop system, a stand-alone system, or attached 
to a conventional dental training unit. With this device teeth 
and instruments are computer generated via high-resolution 
modeling displayed on a 3D screen. The high-resolution 
tooth models were derived from real teeth by microtomogra-
phy. The dental handpiece can be moved in three dimensions 
and is represented by a force feedback device. This interface 
provides a very lifelike and convincing sense of touch. 
Impressively the differences in feel between enamel, dentin, 
pulp, and carious tissue have been faithfully reproduced.   

 Instruments available with this system include a selection 
of foot pedal-controlled high- and low-speed burs of differ-
ent shapes. The dental mirror function permits the inspection 
of the virtual teeth from all sides using multiple magni fi cations. 
A unique cross-sectional view is also available. 

 The hapTEL  [  39  ]  is a 4-year collaborative project involv-
ing Kings College London, University of London, and the 
University of Reading. The overall aim of the hapTEL™ 
project was to design, develop, and evaluate a virtual learn-
ing system that includes haptic and synthetic devices. 

 The hapTEL virtual system was intended to be used ini-
tially in dentistry with the design focused on enhancing 
learners’ 3D perceptions, manipulations, and skills and to 
relate these to concepts needed in preparing 3D virtual tooth 
cavities. In 2011 the “curriculum beta version” of the haptic 
mouth was launched. The system allows dental students to 
practice drilling teeth in a 3D touch-sensitive simulation. 
Students perform virtual operations on a three-dimensional 
reconstruction of the anatomy of teeth and jaw. The cutting 
of different tooth tissues can be felt as a result of the tactile 
feedback provided through a real dental drill attached to a 
modi fi ed gaming device. 

 The MOOG Simodont Dental Trainer  [  40  ]  (Fig.  21.10 ) was 
developed in cooperation between MOOG Nieuw-Vennep, the 
Netherlands and the Academic Centre for Dentistry Amsterdam 
(ACTA), the Netherlands. The haptics of the Simodont Dental 
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  Fig. 21.7    The virtual clinical lab features advantages of both the pre-
clinical lab and the clinic       

  Fig. 21.8    The VOXEL-MAN tabletop system       
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Trainer are based on the MOOG-patented admittance control 
paradigm of the HapticMaster  [  40  ] . The dental tool has six 
degrees of freedom positional sensing, generating three 
degrees of freedom force feedback. Collision detection and 
tooth cutting simulation are running along with the haptic loop 
in such a way that it allows computing realistic force feedback 
and simulating tooth cutting within 1 ms. A high-resolution 
stereo, true-size colocated visual display approaches the acu-
ity limits of the human eye. Three-dimensional projection and 
mirror technology allow the full-resolution, full stereo image 
to be seen “in” the physical workspace of the handpiece. 
A realistic model of the behavior of the drill speed, under the 
control of a foot pedal and the force exerted by the operator on 
the handpiece, drives a built-in sound module which faithfully 
renders the sound of a dental drill. 3D glasses provides stereo 
imaging.  

 The Simodont Dental Trainer allows dental students to 
be trained in operative dental procedures in a dedicated 
immersive virtual reality environment while receiving hap-
tic, visual, and audio sensory information. By incorporat-
ing pathological dental conditions within the system, it 
offers the opportunity to train from a problem-based per-
spective. The operation of the Simodont is accompanied by 
courseware, providing the educational context of the train-
ing  [  42  ] . Prior to the introduction of the Simodont in dental 

education, a pilot study has been carried out to investigate 
whether skills developed on the Simodont are transferred 
to the present simulation phantom head lab. It appeared 
that students that had practiced either on the Simodont or 
on plastic material performed equally well during a stan-
dard test on plastic teeth  [  43  ] . This indicated that skills 
learned on the Simodont were transferred to real practice. 
The  fi rst lab of six Simodont units was installed at ACTA 
in 2009. Now in 2012, approximately 100 Simodont units 
worldwide are being installed in various dental schools. 

 Some studies and reports suggest the possible application 
and promising opportunities of haptic systems in dental edu-
cation  [  44–  46  ] .  

   Robotics 

 Parallel to the development of more realistic teeth and tools 
in virtual reality, a development exists focused on more real-
istic mannequins. These mannequins are able to simulate jaw 
movements and verbal expression of emotions like pain 
while participants work in the device’s mouth. Instructors 
can direct the expressions and movements of the mannequin 
by remote control to teach the students to anticipate patient’s 
behavior while working  [  8  ] .  

  Fig. 21.9    Screen shot of the VOXEL-MAN system. (Used with permission from Springer)       
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   Game-Based Simulation 

 Game-based simulation is being used in medical education 
with increased frequency  [  47,   48  ] . In 2009, a leading developer 
of game-based technology (Breakaway) partnered with a uni-
versity to develop a game-based dental implant training simu-
lation. It is anticipated that games of this nature will be engaging 
and help students learn in a highly immersive, virtual, and 
three-dimensional environment  [  48  ] . The objective of this part-
nership is to improve dental student learning outcomes in the 
area of diagnostics, decision-making, and treatment protocols 
for enhanced patient therapy outcomes and risk management.  

   Advanced Navigational Simulation 
(Global Positioning-Type Systems) 

 Computerized navigation surgery is a surgical modality in 
which the surgical instruments are accurately tracked and 

targeted to a preplanned location within the surgical  fi eld. 
This technology is based on the synchronization of the intra-
operative position of the instruments with the imaging of the 
patient’s anatomy previously obtained by computed tomog-
raphy (CT) or magnetic resonance imaging (MRI). Originally 
implemented in neurosurgery, this technology has subse-
quently been introduced into other surgical disciplines where 
it enables intraoperative localization and augments the sur-
geon’s orientation within the surgical  fi eld  [  49  ] . 

 In dentistry, there is only one computerized navigation 
system based on the description above, named image-guided 
implantology (IGI) system (Fig.  21.11 )  [  50  ] . The IGI is an 
optical-based computerized navigation system that uses an 
infrared camera to detect and track the intraoperative posi-
tion of a contra-angled dental surgical handpiece. The hand-
piece (dental drill) is equipped with a distinctive array of 
light-emitting diodes (LEDs) that signal its real-time posi-
tion to the camera. The  fi ducial markers are 3-mm ceramic 
spheres that are embedded within a plastic U-shaped 

  Fig. 21.10    MOOG Simodont Dental Trainer (Image Navigation Ltd. 
Used with permission)         Fig. 21.11    Image-guided implantology unit (IGI, Image Navigation 

Ltd. Used with permission)       
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 registration mold. This mold is attached to a tooth-supported 
removable acrylic occlusal template that allows the mount-
ing of the registration mold intraorally on the operated jaw. 
At the beginning of surgery, the dental handpiece is used as 
a probe for registration of the  fi ducial markers, the position 
of which is subsequently used for the synchronization of the 
jaw’s position with the three-dimensional reconstructed CT 
model. Intraoperative movements of the operated jaw that 
occur after the coregistration are accurately compensated for 
by a special reference sensor frame that mounts on the jaw 
via the above-mentioned removable occlusal template. 
Therefore, the jaw can be allowed to move during the 
surgery, while its synchronization with the CT model is 
maintained  [  50–  52  ] .  

 IGI is a computerized navigation system designed to 
guide the placement of dental implants in real time 
(Figs.  21.12  and  21.13 ). IGI offers freehand implant naviga-
tion, highly accurate motion tracking technology that tracks 
the positions of the dental drill and the patient throughout the 
surgery  [  50–  52  ] .   

 IGI has been used in private dental of fi ces, as well as by 
highly experienced dental professionals for complex restor-
ative cases. One study evaluated the bene fi ts of the system in 
a predoctoral educational system, for teaching basic concepts 
of implant placement. There was no clear advantage over tra-
ditional teaching methods  [  51  ] .    According to recent publica-
tions, the IGI system has an advantage in clinical cases 
involving immediate restoration of multiple implants,  fl apless 
surgery, and treatment of completely edentulous patients and 
patients with complex anatomical features or tumors requir-
ing removal of hard and soft tissues  [  52–  56  ] . 

 This computerized navigation system is different 
from other existing image-guided implantology systems, 
referred to as computer-driven implantology systems. The 
 computer-driven implantology systems provide a means 
with which to control the placement of implants with a high 
degree of accuracy, without real-time computer tracking of 
implant placement. In computer-driven implant dentistry, 
a scan template is a radiologic template that permits visualiza-
tion of the prosthetic plan prior to treatment and  determines 

  Fig. 21.12    Residents in the VCU Department of Periodontics placing implants with the help of IGI technology       
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the course of implant treatment from the perspective of 
esthetics  [  57  ] . For example, the SimPlant software program 
(Materialise)  [  58  ]  allows implants to be planned in two and 
three dimensions using data received from a computerized 

tomographic scan (Fig.  21.14 ). The resulting implant plan 
can be transferred to the mouth and implemented by means 
of a stereolithographic surgical guide. Another data transfer 
system is then used for guided implant placement. It is asso-
ciated with dedicated drilling devices and can be used in 
combination with surgical guides    (plastic and metal devices 
fabricated by a CAD/CAM system or with traditional acrylic 
resin guides manufactured by the dental lab on a synthetic 
plaster cast  [  58  ] ).   

   Resources Needed for Simulation 

 Further development of advanced simulation in dentistry is 
somewhat hampered by the specialized use of this type of 
simulation. Although the need is great in the area of dental 
education, the technology currently available cannot be eas-
ily used in medicine, nursing, pharmacy, etc. The cost of the 
technology for this type of simulation is high and the number 
of dental schools worldwide is limited. Hence, simulation   Fig. 21.13    IGI clinical screen view showing real-time drilling using 

patient’s CT scan       

  Fig. 21.14    Simplant planning software (Used with permission from Springer)       

 

 



33921 Simulation in Dentistry and Oral Health

that is based on software development rather than  specialized 
hardware may be more economically attractive to future 
investors in the area of simulation.  

   Conclusion 

 Simulation use in dentistry began soon after the establish-
ment of dental education and, because of the nature of the 
profession and its high dependency on surgical psychomotor 
skills, one can assume that it will not disappear in the fore-
seeable future. From all possible indicators, the  fi eld of sim-
ulation in the health professional schools will move forward 
and adapt to the demands of the professions. Advanced sim-
ulation has made an impact in dentistry. It would seem wise 
for all of the health professions to listen and learn from each 
other and when possible collaborate. Given the importance 
of learning critical skills in a safe environment, simulation 
should be one of education’s highest priorities.      
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          Introduction 

 In this chapter, we review the use of simulation-based train-
ing in family medicine. Much of the research in this  fi eld 
has focused on training for speci fi c procedural skills and 
the use of simulation as an evaluative tool. Some of the evi-
dence comes to us from the  fi elds of anesthesiology, cardi-
ology, obstetrics, and surgery, with direct implications for 
the extension to physician training in family medicine. This 
body of inquiry has sought to estimate the impact of clinical 
simulation on a variety of broad-based outcomes, including 
learner satisfaction, perceived value, and clinical compe-
tency. Within the primary care literature, clinical simulation 
is frequently devoted to procedural skill development and 
competency measurement. However, simulation can also be 
used to develop skills related to clinical decision-making and 
the delivery of team-based care to patients. For this reason, 
simulation is appealing and gaining traction for specialties 
such as family medicine. 

 We begin with a brief discussion of how the practice of 
family medicine is uniquely suited to take advantage of clini-
cal simulation training. We then undertake a synthesis of the 
literature to explore the types of content material and instruc-
tional strategies currently integrated within the clinical simu-
lation learning environment, the potential bene fi ts and 
challenges to successful implementation, and the outcome 
measures used to assess the impact of simulator use on clini-
cal performance. Finally, we discuss the “art” of simulation 
for family medicine, that is, how does one apply the evidence 

and principles available to effectively implement simulation 
into training programs.  

   A Unique Opportunity for Family Medicine 

 The emergence of clinical simulation in medical education is 
particularly exciting for those engaged in training family 
physicians and allied healthcare professionals functioning in 
the family practice environment. Such equipment can simu-
late a variety of conditions and present learners with a broad 
array of scenarios commonly and uncommonly encountered 
in clinical practice. This is especially important in family 
medicine where trainees must master an ever-increasing 
array of clinical skills in order to prepare for practice, while 
working under the constraints of curtailed duty hours. The 
delivery of services is complex, often requiring knowledge 
of a wide variety of interventions and methods of caring for 
diverse patient populations  [  1  ] . In addition, providers must 
be able to implement emergent healthcare delivery models as 
proposed by leadership within the  fi eld, including the 
American Academy of Family Physicians (AAFP). The 
patient-centered medical home (PCMH) model has emerged, 
for example, as an innovative framework on which to base 
family medicine practice improvement  [  2  ] , and clinical sim-
ulation shows promise in addressing many of the competen-
cies that are required to train physicians to successfully 
practice medicine within the PCMH environment. 

 The PCMH model is designed as a way of improving 
access to care, disease prevention, chronic disease and popu-
lation management, care coordination, teamwork, and 
patient-centeredness  [  3–  8  ] . It emphasizes the use of clinical 
technology systems and ongoing provider training to improve 
patient communication and a variety of clinical outcomes 
 [  9  ] . Demonstration projects show promising results, with 
early data suggesting a linkage between care coordination 
and cost reductions plus better quality of care for patients 
with chronic illnesses  [  3–  5  ] . Continuity of care may 
signi fi cantly predict use of preventive services  [  10  ] , but 
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research  fi ndings on primary care teams and knowledge of 
the skills needed for successful team-based care are just 
beginning to surface in the literature  [  11,   12  ] . 

 The demand for patient safety, competency-based evalua-
tion, and an ever-changing “basket of services” as advocated 
by the AAFP  [  13  ]  also motivates many primary care educa-
tors to consider how simulation can be used to effectively 
teach and document mastery of a variety of required skills 
and competencies. Simulation can be a powerful tool for 
rapid skill acquisition and competency assessment. As an 
instructional approach, it offers a way to clearly de fi ne and 
standardize learning goals. It also can present a wide range 
of medical conditions. These considerations are particularly 
salient in family medicine where educators face increasing 
pressure to develop more effective and ef fi cient educational 
approaches. Patient demographics and the medical condi-
tions encountered by trainees vary within and across family 
medicine programs; therefore, it is often dif fi cult for educa-
tors to maintain consistency in the provision of clinical train-
ing experiences. At most medical schools, third-year family 
medicine clerkships are relatively brief in duration, and 
recent changes in accreditation requirements have shortened 
the work week for residents while expanding the curriculum 
in many Accreditation Council for Graduate Medical 
Education (ACGME) competency areas (i.e., systems-based 
practice, interpersonal/communication skills, professional-
ism, practice-based learning, and improvement). Hence, a 
large volume of knowledge and skills must be acquired 
despite reductions in contact hours. Simulation is one of sev-
eral new educational modalities with the potential to facili-
tate more effective and ef fi cient procedural, inpatient, and 
outpatient skill development. 

 To date, the use of simulation in medical education is iso-
lated within a small number of educational institutions. Only 
one-third of US hospital-based clerkships and 54% of medi-
cal school-based clerkships incorporate use of simulators 
within the curriculum. While only a small percentage of 
teaching hospitals (12%) expose family medicine residents 
to clinical simulation, the rate is much higher for programs 
located within academic health centers where over half of 
the family medicine residency programs (58%) deliver at 
least some simulator-based instruction  [  14  ] . 

 Among published studies, educational applications rele-
vant to family medicine include high- fi delity simulation for 
the acquisition of endoscopic competency  [  15  ] , perineal 
birth trauma repair  [  16  ] , and pediatric advanced life support 
(PALS) skills  [  17  ]  as well as enhancement of resident 
con fi dence in managing obstetric emergencies  [  18  ] , evalua-
tion of endotracheal intubation skills  [  19  ] , and general medi-
cal decision-making  [  20,   21  ] . While the results appear 
promising, our understanding of the implications remains 
limited to a narrow range of study contexts, learner popula-
tions, and programmatically driven educational experiences.  

   The Science: Status of Existing Applications 

   Medical School 

 In the medical school setting, family medicine educators 
have primarily used standardized patients (SPs) to prepare 
clerkship students with the skills necessary to assume the 
role of a family doctor with expertise in diagnostics, the pro-
vision of acute care services, and chronic disease manage-
ment (e.g., history taking, physical diagnosis, medical 
decision-making, health maintenance). These skills, while 
by no means exclusive to family medicine, are typically 
taught by family medicine educators and represent tradi-
tional areas of excellence within most medical school 
curricula. 

 Cardiac examination simulators, such as the Harvey® 
Cardiopulmonary Patient Simulator (Laerdal Medical 
Corporation, Wappingers Falls, NY), have been available 
for many years and accurately simulate a wide variety of 
heart sounds, lung sounds, jugular venous waves, and point 
of maximal impulse locations. Studies evaluating educa-
tional ef fi cacy of this simulator have expanded from reports 
of learner acceptance and perceived bene fi ts to transla-
tional studies that link simulation-based curricula to actual 
improvements in diagnostic accuracy  [  22  ] . Instruction that 
integrates use of clinical vignettes with cardiopulmonary 
examination scenarios translates particularly well to fam-
ily medicine. Such approaches challenge learners to not 
only accurately recognize and cogently describe physical 
 fi ndings but also to synthesize important points of the his-
tory and physical exam to develop a differential diagnosis. 
Blended methods of instruction can offer medical students 
a robust learning experience while providing faculty with 
a valuable tool for evaluating the development of diagnos-
tic and medical decision-making skills. Utilizing simulators 
to support training in physical examination skills, such as 
bimanual pelvic exam, also allows students greater oppor-
tunity for practice than would be possible during patient 
encounters in clinic, or within a standardized patient setting. 
Studies indicate that instructors are able to offer more dis-
crete evaluations of student performance and that simulation 
is often less costly and more convenient than using stan-
dardized patients for the delivery of physical examination 
skills training  [  23  ] . 

 In lieu of animal labs, patient simulators can be used for 
teaching cardiac and pulmonary physiology  [  24  ] . Patient 
simulators such as METI’s Human Patient Simulator 
(HPS)® (Medical Education Technologies Inc. CAE Health-
care, Sarasota, FL) are capable of processing complex algo-
rithms and calculating outputs such as arterial and pulmonary 
pressures. Inputs can be modi fi ed by instructors to demon-
strate simple and complex physiologic responses. Some edu-
cators have found it useful to engage learners in developing and 
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implementing their own scenarios, a method found effec-
tive in increasing learner satisfaction and extending student 
understanding of core content knowledge  [  25  ] . 

 Three-dimensional anatomy programs, initially used by 
students as supplementary study tools, have signi fi cantly 
advanced in recent years and may soon replace the tradi-
tional cadaveric anatomy lab experience. Obstetrical and 
procedural simulators are also being used prior to clinical 
experiences at some institutions for additional hands-on 
learning experiences and to focus novice skill acquisition so 
that learners and teachers can concentrate on higher-level 
skills during patient encounters. Some examples include the 
use of obstetric simulators for teaching proper delivery tech-
nique, perineal protection, shoulder dystocia maneuvers 
 [  26  ] , and placenta delivery. Students can also learn higher-
risk procedures typically managed by residents or faculty, 
including manual rupture of membranes, intrauterine pres-
sure catheter placement, fetal scalp electrode placement, 
perineal laceration repair, and vacuum-assisted vaginal 
delivery. Similar applications have been well received by 
medical students and faculty, with documented improve-
ments in medical knowledge, risk assessment ability, medi-
cal decision-making, and communication skills with 
laboring patients based on post-simulation testing  [  27,   28  ] . 

 On-demand learning programs using simulation, although 
relatively costly due to instructor time, have been piloted with 
similar levels of student acceptance  [  29  ] . Small groups of stu-
dents can incorporate problem-based learning cases into a 
simulated environment, such as those involving congestive 
heart failure, chronic obstructive pulmonary disease, or dia-
betic ketoacidosis. This allows learners to engage in a variety 
of predetermined, sequential exercises that progress from his-
tory taking and physical exam/diagnosis to discussions with 
the patient, treatment planning, and the monitoring of initial 
treatment outcomes. Using this approach, medical students 
are able to blend their case discussions with active engage-
ment in patient management learning activities. 

 Many organizations are beginning to design and imple-
ment web-based simulations to address clinical issues com-
monly encountered by primary care providers. Cases derived 
from the Society of Teachers of Family Medicine (STFM) 
Clerkship Curriculum  [  30  ]  feature acute complaints (e.g., 
insomnia, low back pain, vaginal bleeding, dyspnea) and 
management of chronic diseases such as diabetes, hyperten-
sion, obesity, and dementia. Compared with traditional for-
mats for discussing patient case scenarios, the STFM 
applications create a more realistic clinical decision-making 
dynamic. Students obtain a history through a series of linked 
questions, elicit physical exam  fi ndings, retrieve relevant 
empirical studies, and make a diagnosis based on the infor-
mation provided. The cases include a series of embedded 
pre- and posttest questions as well as patient education mate-
rials that can be downloaded (Fig.  22.1 ).   

   Residency Programs 

 At the residency level, the use of simulator-based training 
has expanded in recent years, moving beyond procedural 
instruction to address a more complex array of patient man-
agement topics and skills that relate to the delivery of team-
based care to patients (e.g., professional communication, 
team leadership). Clinical simulation has been embraced by 
some programs for advanced cardiac life support, neonatal 
advanced life support, and advanced life support for obstet-
rics as well as for procedural and critical care training 
(Figs.  22.2 ,  22.3 ,  22.4 , and  22.5 ). Advancements in team 
training, team management, ethics, and other complex patient 
care issues are emerging  [  31,   32  ] . Table  22.1  contains a com-
prehensive list of modalities applicable to family medicine. 
Table  22.2  provides an overview of published curricula that 
can be tailored to the needs of individual programs and 
learner needs.       

 Educators can shape simulation exercises to address 
program-speci fi c, organizational, or community-based needs. 
If a residency curriculum lacks certain procedural training 
opportunities, simulation can be used as an adjunct to expand 
residency skill development. Hospitals may choose to use sim-
ulation during staff orientation as a method of promoting uni-
formity in  fi rst-responder skills and transfer  protocols. Travel 
or in situ simulation programs can enhance multidisciplinary 
training of residents, nurses, pharmacists, respiratory thera-
pists, and other healthcare team members because they can be 
physically located in or near patient care areas where team 
communication, supervision, and performance takes place. 
Given the large number of clinical care environments encoun-
tered by family medicine residents and the large number of 
colleagues and staff with whom the residents must interact, it is 
essential that they learn and apply standard concepts in team 
resource management to optimize patient safety and clinical 
outcomes. Simulation provides an ideal tool for such training. 

 The simulation center is, in many ways, becoming the 
bench lab for educators, with signi fi cant potential for impact 
on family medicine. Many residency programs have been 
studying simulation-based training to determine best prac-
tices for training as well as formative and summative evalua-
tion. A hybrid approach to procedural skills training, using 
both standardized patients and simulators, has been used for 
obstetrics and endoscopy training to incorporate interper-
sonal communication skills. Large group simulation for pan-
demic planning and mass casualty scenarios have been 
advocated by emergency medicine and military physician 
groups and will likely prove well suited to the training of 
primary care providers in the coming years. 

 Within family medicine, the number of research studies 
and national conference presentations has increased in recent 
years, with a focus on topics such as resident perceptions and 
acceptance of simulation for critical care training  [  33  ] , 
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improvement in endoscopy skills  [  15  ] , pediatric life support 
 [  17  ] , adult intubation  [  19  ] , and medical decision-making. 
We anticipate more discussion of best practices and valida-
tion studies of assessment tools linked to clinical compe-
tencies as simulators are more widely utilized. We also 
anticipate that incoming residents will begin to factor the 
availability of simulation experiences into their selection of 
residency programs during the match process especially as 
more students have exposure to simulator training during 
medical school.  

   Certi fi cation Examinations and Renewals 

 The American Board of Family Medicine has recognized the 
importance of translating knowledge into practice by adopting 
case-based, computer simulations as part of its certi fi cation 
and recerti fi cation examinations and annual maintenance of 
certi fi cation (MOC) modules. Beginning in 2004, the MOC 
modules were modi fi ed to include a wide variety of inpatient 
and outpatient medical scenarios, from well child care and 
maternity care to care of the vulnerable elderly (see Table  22.3 ). 
Diplomates are expected to complete one module per year. 

Each module contains a knowledge test,  evidence-based com-
petency measures, and a computer-simulated patient scenario 
that extends from an initial visit through ongoing manage-
ment of a chronic medical condition. Physicians receive an 
image of a patient and a presenting complaint. After enter-
ing free-text diagnostic questions into the module program, 
they elicit and review physical exam  fi ndings. The simulator 
sequence allows physicians to order of fi ce-based studies and 
laboratory tests, utilize a working problem and diagnosis list, 
and recommend treatment. Follow-up visits are sometimes 
embedded in the module sequence and require that physicians 
engage in additional history taking, physical examinations, 
diagnostics, and/or therapeutic recommendations. At the end 
of each simulation, the physician receives a performance 
evaluation and evidenced-based feedback based on published 
data and guidelines.  

 To date, research on the use of simulators for physician 
certi fi cation has focused primarily on perceptions of the 
certi fi cation process and estimation of its impact on future 
practice behavior  [  34  ] . Additional outcomes data will become 
available as the volume of family medicine physicians who 
have completed the annual self-assessment module (SAM) 
increases.  

  Fig. 22.1    Web-based, interactive scenario designed for use by medical 
students during their third-year clinical clerkship in family medicine. 
The dyspepsia case (shown) addresses several learning objectives 
embedded within the Society for Teachers of Family Medicine (STFM) 

Family Medicine Clerkship Curriculum. Image used with permission of 
the author, Dr. Joel Heidelbaugh, and available at   http://www.med-u.
org/virtual_patient_cases/fmcases           

 

http://www.med-u.org/virtual_patient_cases/fmcases
http://www.med-u.org/virtual_patient_cases/fmcases
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   Continuing Medical Education 

 The use of simulation for continuing medical education 
(CME) is limited. Some research supports the integration of 
clinical simulation with traditional learning techniques at 
CME courses to allow physicians to practice newly intro-
duced techniques and concepts  [  35  ] . Such training could 
involve longitudinal experiences using scenarios that repli-
cate a clinical practice setting to promote deeper learning 
and better application to patient care. 

 While simulation is used in the delivery of bioterrorism 
and disaster training for healthcare providers, it could also 
be quite useful for retraining physicians who have had an 
extended leave of absence from medical practice. The bene fi ts 
of retraining are probably most applicable to higher-risk 
care, such as hospital care, critical care, obstetrics and proce-
dural training. Other educational and safety initiatives using 
patient simulation include: realistic reenactments of  critical 
events  [  36  ] , multidisciplinary in-hospital mock codes, and 
education on the use of new  medical equipment or new skills 

 [  37  ] . Despite lack of supporting evidence, several hospitals, 
medical groups, and malpractice insurers are beginning to 
mandate such training based solely on its  perceived bene fi ts. 
Some malpractice insurers now  provide  fi nancial incentives 

  Fig. 22.2    Family medicine residents work as a group on manual endo-
tracheal intubation skills prior to rapid sequence intubation team 
training       

  Fig. 22.3    Residents participate in a simulated respiratory distress sce-
nario to demonstrate team communication skills, delegation of tasks, 
supervision, and ef fi cient diagnosis and treatment       

  Fig. 22.4    The instructors view from the control room of a simulation center       
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to physicians who complete simulations that emphasize error 
avoidance and team communication. This is encouraged due 
to the perceived safety bene fi ts for patients as well as the 
potential  fi nancial bene fi t to the insurers  [  32  ] .  

   Assessment and Evaluation 

 To review the use of simulation as a vehicle for assessment 
and evaluation, we must consider the smaller studies in fam-
ily medicine in combination with those from other medical 

  Fig. 22.5    The realism, or  fi delity, of the simulation suite, materials, and 
scenario can promote a high level of learner activation and engagement       

   Table 22.1    Topics and simulation modalities applicable to family medicine   

  Clinical skills  
  History (standardized patient) 
  Physical examination (heart, lung, breast, prostate, cervical dilation) 
  Diagnostic ultrasound (obstetric, vascular, abdominal) 
  Medical knowledge  
   Case-based medical and surgical scenarios (ABFM self-assess-

ment modules, EKG evaluation, radiology) 
  Team-based training  
  Mobile training in native clinical environments 
  Respiratory failure 
  Code or rapid-response team leadership and communication 
  Cardiac arrhythmia and arrest 
  Shock (anaphylactic, cardiogenic, septic, hemorrhagic, neurogenic) 
   Disaster preparedness (multiple trauma, terrorism, biological and 

chemical warfare) 
  Conscious sedation 
  Neonatal resuscitation 
  Obstetric emergencies 
  Assisted vaginal delivery 
  Procedures  
  Basic life support 
   Airway management (endotracheal, nasotracheal, or non-visual-

ized intubation, cricothyroidotomy, tracheostomy) 
   Vascular access (IV, arterial puncture, arterial cutdown, umbilical, 

intraosseous, or central line) 
  Endoscopy (colonoscopy, sigmoidoscopy, EGD, endoscopic biopsy) 
  Nasolaryngoscopy 
  Laparoscopy 
  Arthrocentesis 
  Thoracentesis/paracentesis with or without ultrasound guidance 
  Lumbar puncture 
  Chest tube placement 
  Circumcision 
  Other  
  Ethics (post-intubation DNR discovery, withdrawal of care) 
  Toxicology 
  Managing differences of medical opinion in critical situations 
  Wilderness medicine or rural trauma 

   Table 22.2    On-line resources for family medicine simulation scenar-
ios and curricula   

 American Board of Family Medicine Self-Assessment Modules 
(SAMs) for on-line outpatient-based knowledge assessment 
simulations available to family medicine residents and certi fi ed 
attending physicians at   www.theabfm.org     
 Family Medicine Digital Resource Library at   www.fmdrl.org     
(maintained by the Society for Teachers of Family Medicine) 
   Critical Care Simulation Curriculum, by James Cooke, M.D. 

  www.fmdrl.org/794     
   Simulation Scenarios (OB), by Douglas Maurer, D.O. et al.   http://

www.fmdrl.org/2145     
   Cardiac Exam Simulation Curriculum, by James Cooke, M.D. 

  http://www.fmdrl.org/3179     
   A Foundation for Procedure Acquisition and Competence using 

On-line Resources, Individualized Education, and Simulation, by 
Beth Fox, M.D.   http://www.fmdrl.org/3368     

   Role of simulation laboratory in medical student’s education 
during family medicine clerkship, by Wessam Labib, M.D., M.P.H. 
  http://www.fmdrl.org/3388     

 fmCASES – Family Medicine Computer-Assisted Simulations for 
Educating Students, on-line case-based simulations for clerkship 
students   www.med-u.org/virtual_patient_cases/fmcases     
 MedEdPortal   www.mededportal.org     (maintained by the Association 
of American Medical Colleges) – 191 listed simulation curricula, 
scenarios, and web-based modules as of 2011 including medical and 
dental cases at every level of training 
 Society for Academic Emergency Medicine (SAEM) Simulation 
Case Library   http://www.emedu.org/sim     

   Table 22.3    Self-assessment modules offered for maintenance of 
certi fi cation by the American Board of Family Medicine   

 Care of the vulnerable elderly 
 Cerebrovascular disease 
 Childhood illness 
 Coronary artery disease 
 Depression 
 Diabetes 
 Health behavior 
 Heart failure 
 Hypertension 
 Maternity care 
 Pain management 
 Preventive care 
 Well child care 

 

http://www.theabfm.org/
http://www.fmdrl.org/
http://www.fmdrl.org/794
http://www.fmdrl.org/2145
http://www.fmdrl.org/2145
http://www.fmdrl.org/3179
http://www.fmdrl.org/3368
http://www.fmdrl.org/3388
http://www.med-u.org/virtual_patient_cases/fmcases
http://www.mededportal.org/
http://www.emedu.org/sim
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specialties. In a recent meta-analysis that included 609 eligible 
studies enrolling 35,226 healthcare professional trainees, Cook 
and colleagues found that the use of technology-enhanced 
simulation training had large effects on measured knowledge, 
skills, and behaviors and moderate effects for patient-related 
outcomes when compared to no intervention  [  38  ] . This argues 
for the increased use of simulation, but family medicine edu-
cators still need to determine which knowledge, skills, or atti-
tudes are best suited to simulation and the extent to which this 
varies by learner education level. 

 Evidence from the surgical specialties has validated sev-
eral measures of resident procedural competence, such as 
cecal intubation time for colonoscopy and ef fi ciency of move-
ment and procedure time for laparoscopic cholecystectomy 
using high- fi delity endoscopic and laparoscopic simulators. 
These procedural skills are relatively easy to isolate and eval-
uate in a controlled simulation environment. In contrast, eval-
uating primary care resident competency in the management 
of respiratory distress is a much more complex undertaking. 
To determine competence, one must simultaneously assess 
multiple communication, physical exam, diagnostic reason-
ing, therapeutic decision-making, and procedural skills. 
Validated checklists have been developed to assess the evalu-
ation and management of apnea, asthma, supraventricular 
tachycardia, and sepsis by pediatric residents  [  39  ] , but the 
challenge remains to de fi ne a core group of skills and develop 
valid assessments for the wide variety of patients and medical 
conditions encountered in family medicine. 

 The value of providing standardized scenarios linked to 
validated evaluation tools holds signi fi cant promise in pri-
mary care in general and family medicine residency in par-
ticular because traditional observational methods employed 
in the clinical setting are fraught with potential bias and inac-
curacy. This is due, in part, to time constraints placed on fac-
ulty and residents attributable to competing needs and 
demands in the clinical environment. It is also due to a lack 
of standardized faculty training in direct observation. 

 Studies are underway to help de fi ne clinical simulation 
competencies using several objective measures, including 
diagnostic accuracy and length of time from diagnosis to the 
delivery of effective treatment  [  40,   41  ] . Future research on 
validity will be needed as we begin to adopt standardized 
competency measures instead of simply using prior experi-
ence as an indicator of skill acquisition. While documentation 
of the number of cases managed (e.g., congestive heart failure 
or acute MI) or number of surgical procedures performed 
(e.g., sigmoidoscopy) traditionally served as indicators of 
skill competency, we may soon be able to use measures such 
as time to diagnosis a medical condition or percent of mucosa 
visualized during endoscopic procedures as more accurate 
determinants of clinical competence or procedural expertise. 

 Indeed, one can imagine future physicians reporting their 
simulation-based procedures to augment their actual case 

numbers or simulator-measured metrics to document compe-
tency for procedures or hospital credentialing. Validated 
assessment tools are needed to measure the impact of simu-
lation-based learning on clinical practice behavior across a 
range of clinical competencies, care settings (e.g., inpatient, 
outpatient, home, skilled nursing facility), and patient popu-
lations (e.g., geriatric, adult, pediatric, obstetric). Family 
medicine educators should be prepared for the eventual 
incorporation of clinical simulation competency milestones 
into residency program accreditation requirements.   

   The Art: Addressing Challenges 
and Maximizing Bene fi ts 

   Challenges for Implementation 

 To date, relatively few articles on simulator-based education 
have been published in the primary care literature  [  42  ]  despite 
demonstrated interest and the previously proven bene fi t of 
standardized patients in medical education  [  43,   44  ] . Similarly, 
no requirements for the incorporation of simulation into medi-
cal school and residency education have been articulated by the 
Liaison Committee on Medical Education (LCME) or the 
ACGME. This apparent de fi cit in the literature is likely due to 
a combination of factors. Many faculty members lack personal 
experience with (or exposure to) clinical simulation training, 
and access to simulation center facilities is not yet widely avail-
able  [  14  ] . Because the use of simulation-based training in fam-
ily medicine is a relatively recent development, fully elaborated 
curricula are just beginning to emerge and data on instructional 
outcomes remain scarce. Also, many family medicine pro-
grams lack access to a clinical simulation center, the establish-
ment of which comes at a high cost that likely falls outside of 
many program budgets. Although reported annual operating 
expenses for teaching hospital-based or medical school-based 
simulation centers vary widely (ranging from less than $250,000 
to over one million dollars), these estimates do not include the 
initial start-up costs  [  14  ] . 

 Over the past several years, family medicine educators have 
published and presented several lessons learned when imple-
menting simulation-based or simulation-supplemented curri-
cula. A common theme among these articles and presentations 
is the value of specialized training prior to implementation. 
Due to the nature of the medical school admissions process and 
the traditions within graduate education, most physicians come 
to medical school with a science rather than an education back-
ground. Teaching skills among academic faculty are typically 
gained through mentoring and a series of progressive teaching 
responsibilities from individual, to small group, to large group 
venues. Some physicians supplement this with targeted faculty 
development programs or  fellowships, but the majority of these 
individuals develop teaching skills through experience. 
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 Simulation, despite offering a compelling instructional 
delivery system for learners, presents a unique set of chal-
lenges to faculty. Faculty must possess an understanding of 
the clinical simulation environment, simulation design, sim-
ulator use, and debrie fi ng, not withstanding a possible lack 
of previous exposure during medical training. Fortunately, 
there are a growing number of simulator instructor training 
courses offered through national organizations and individ-
ual simulation centers as well as national conferences, jour-
nals, and on-line resources. Any program considering the 
incorporation of simulation into its curriculum should pro-
vide specialized training for a core group of faculty members 
who can, in turn, share their knowledge and experience with 
others engaged in simulation-based education. 

 Experienced instructors recognize that there is always a 
chance that things might not go according to plan during a 
simulation-based scenario, so instructor adaptability is key 
to a positive and productive session. When such errors occur, 
it can be frustrating for both the instructor and learners. 
Trained instructors know how to reframe unexpected 
“glitches” in the planned scenario in a manner that may actu-
ally enhance the learning experience, sometimes by taking 
the learning experience in an entirely new direction. 

 Despite the potential for improvements in safety and edu-
cational ef fi cacy, use of simulator training has potential risks. 
If the clinical environment is not accurately replicated, or if 
the learner is not adequately prepared or supervised, there is 
potential for lack of “buy-in” by the learner, inaccurate presen-
tation of material, and/or reinforcement of errors. There also 
exists a possibility for emotional or psychological harm if the 
simulation is especially dif fi cult, traumatic, or reminiscent of 
a previous experience. These risks should be anticipated and 
effectively addressed by instructors prior to launching the sim-
ulation or during the critical post-simulation debrie fi ng. In 
general, it is advisable to establish ground rules prior to start-
ing any simulation exercise (especially if the learners are new 
to the environment). Participants need to understand that 
things may go poorly, but that this often happens by design. 

 Needless to say, simulation is not immune from common 
instructional pitfalls such as oversaturating learners with 
information, inappropriately applying educational technol-
ogy, and failing to examine the ef fi cacy of skills transfer, 
instructional delivery methods, assessment approaches, and 
overall implementation costs. However, proper needs assess-
ment, thoughtful design, pilot testing, and ongoing program 
evaluation can overcome many of these potential pitfalls.  

   Potential Bene fi ts 

 Simulation offers an experiential learning opportunity in which 
participants can make errors in a controlled and safe instruc-
tional environment  [  42  ] . For family medicine educators, one of 

the most compelling arguments for the use of simulator training 
is enhanced safety. As educators, we know that medical students 
and residents can potentially harm patients during the process of 
learning new skills regardless of the safeguards and protocols 
put into place to avoid such occurrences. In addition to patient 
risk, injuries to the learners and to other healthcare staff are pos-
sible. It has been suggested that simulation is an ethical impera-
tive given the possible safety bene fi ts to patients, learners, and 
professional colleagues without the inherent risks of actual 
patient care. As a training methodology, it is certainly safer than 
many traditional approaches for learning the complex skills 
required in modern medical practice  [  45  ] . For family medicine 
trainees, simulation holds promise for reversing the decreased 
hands-on experience and procedural competence documented 
among medical students in recent years and attributed to 
increases in supervisory requirements imposed by accrediting 
bodies. For example, clinical procedures that pose higher risks 
such as lumbar puncture, endotracheal intubation, central line 
placement, normal or assisted vaginal delivery, and neonatal cir-
cumcision may be well suited to be taught and evaluated using 
simulation. 

 In addition to the safety bene fi ts, there are many other 
notable bene fi ts to learning through simulation. Several stud-
ies have found it to be a more enjoyable  [  46  ] , a more valu-
able  [  47,   48  ] , and a more effective way to learn than traditional 
approaches  [  49,   50  ] . Speci fi c surgical skills such as suturing 
can be broken down into small components to allow for the 
measurement of time to completion and accuracy. Some 
studies of training in procedural skills document the effec-
tiveness of clinical simulation as an instructional strategy as 
measured in terms of performance outcomes  [  15,   50  ] . One 
recent study provides a useful illustration in describing the 
process used by a learner to tie three 2-handed throws of a 
square knot in less than 10 seconds with no errors, thereby 
qualifying for a rating of “expert” for that component of the 
suturing curriculum  [  51  ] . 

 Simulation can be used by more experienced or advanced 
learners to develop competency in systems-based practice, 
professionalism, and interpersonal communication. Such 
scenarios might involve the management of incompetent 
clinical team members or support staff, malfunctioning 
equipment, or environmental cofounders such as a  fi re, 
environmental disaster, or chemical weapons attack. Ethical 
dilemmas (e.g., the discovery of a patient’s wish not to be 
resuscitated after successful intubation and mechanical 
ventilation) can also be embedded. For assessment, time 
to correct diagnosis or the time to implementation of appro-
priate treatment can be used as ef fi cient proxies for the 
 synthesis of effective communication, physical  examination, 
data collection and decision-making. 

 Simulator training can be customized to present learners 
with a range of dif fi culty levels, and it provides learners with 
the opportunity to perform tasks repeatedly. Moreover, the 
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breadth of possible scenarios and ability to teach and evalu-
ate multiple competencies at the same time in an environ-
ment that very closely resembles the work environment is a 
very compelling argument in support of incorporating simu-
lation into family medicine curricula. While standardized 
patients are often not thought of as simulators, they still rep-
resent the most commonly used modality for primary care 
physician instruction. They are covered elsewhere in this text 
(see Chap.   12    ) but in brief, procedural (e.g., rectal and pelvic 
exams) and “softer” skills such as history and physical exam 
skills are honed using simulated encounters of this nature. 
Standardized patient care scenarios provide teachers and 
learners with the opportunity to set multiple end points in 
series for both formative and summative evaluation of com-
plex tasks. For example, in a respiratory distress scenario, 
evaluators can halt a scenario after three learning points in 
the case of a formative scenario, or three errors in the case of 
a summative evaluation (see Table  22.4 )—from the data 
gathering stage through any or all of the following: diagnos-
tic test selection, determination of critical patient status, 
gathering of endotracheal intubation materials, peri-intuba-
tion support and monitoring, intubation, con fi rmation of tube 

placement, stabilization maneuvers, management of compli-
cations, and safe transfer. This ability to interrupt the simula-
tion allows for a much more manageable debrie fi ng session 
and an evaluation with a much higher level of discrimination 
(i.e., learners correctly completing a large number of correct 
medical decisions and interventions in series).    

   Conclusion 

 There are many challenges facing the specialty of family 
medicine as a whole, and family medicine educators, in par-
ticular. Trainees must master an ever-increasing array of 
clinical skills in order to prepare for practice while working 
under the constraints of curtailed work hours. The diversity 
of patients and medical conditions encountered in clinical 
practice makes it challenging for educators to maintain con-
sistency in the provision of clinical training experiences. 
Simulation has the potential to help mitigate many of these 
challenges. Simulators provide opportunities for extended 
practice, performance benchmarking, and experience in 
developing a broad array of less frequently encountered and 

   Table 22.4    Example of a respiratory distress scenario utilizing multiple end points for use by learners at various levels of training   

 Ethics case #1: “post-intubation DNR discovery” 

 Narrative: 
   A 55 kg elderly female, former smoker with a history of COPD, comes to the ER with progressive shortness of breath and cough. She has 

been using albuterol without improvement. She has not had fevers or chest pain. She has the following vital signs: HR = 85 bpm, 
BP = 154/83 mmHg, RR = 10, SpO 

2
  = 88%, and body temperature = 36 °C. 

  After initial evaluation, her blood gas is pH = 7.32, PaO 
2
  = 51 mmHg, and PaCO 

2
  = 55 mmHg. 

 Notes for Instructor: 
   After intubation, notify the team in person or by intercom that the patient’s husband arrived and noti fi ed the staff that the patient is DNR/

DNI and that he would like to talk with them. 
   Note the response to the news and the medical management from that point. The best response by the team is to call the husband (instructor 

in the booth) and explain the situation. They should also discuss continuing care or withdrawing care with the husband. 
 Scenario: 
  Baseline 
  Bag with oxygen (event—hypopnea) 
  Sedate with Versed 
  Paralysis with succinylcholine 
  Intubate 
  Vagal reaction (bradycardia recognition and management) 
  Give atropine 
  Awake but paralyzed (tachycardia recognition and management) 
  Give Versed 
  PVC’s 25% 
  V tach with pulse (arrhythmia recognition and management) 
  Give lidocaine 
 Debrie fi ng session about ethical issues, topics include: 
  Proper identi fi cation of DNR orders 
  Proper discussion of DNR wishes with patients and families 
  Halting or continuing life-sustaining treatment 
  Managing team input into care 
  Managing the feelings of healthcare workers through code debrie fi ng 

http://dx.doi.org/10.1007/978-1-4614-5993-4_12
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higher-risk procedural skills. Associated costs include equip-
ment, faculty  training and the time required to develop and 
integrate appropriate curricula and assessment protocols. 
Simulation can be a powerful tool for rapid skill acquisition 
and competency assessment. Our goals over the coming 
decade should be to better understand the concepts underly-
ing the effective delivery of simulation-based teaching, to 
more widely incorporate best practices in simulation-based 
education within the family medicine curricula, and to study 
and disseminate our  fi ndings.      
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          Introduction 

 Surgical training, traditionally governed by the Halstedian 
apprenticeship model  [  1  ] , has recently undergone a paradigm 
shift. Patient safety and ethical concerns of learning new pro-
cedures on patients, changing technology, and the need for a 
more objective assessment of resident skill  [  2  ]  have shifted 
the focus of surgical training outside the operating room. This 
has been made possible by the development of simulators that 
allow deliberate practice of technical procedures and training 
on clinical scenarios in a safe, low-stakes environment with 
the opportunity for constructive performance feedback. 

 In general surgery, the biggest impetus for implementa-
tion of simulator training has been the advent of laparoscopic 
surgery. This technique creates several challenges otherwise 
not present in traditional “open” surgeries: the reliance on a 
two-dimensional display to interpret the three-dimensional 
operative  fi eld, the  fi xed trocar sites that create a fulcrum 
effect, the reduced tactile feedback, and the limited range 
of instrument motion. These techniques require surgeons 
to overcome a signi fi cant learning curve when adopting 

 laparoscopy  [  3  ] . The initial experience in the early 1990s 
with laparoscopic cholecystectomy produced a greater inci-
dence of bile duct injuries compared to open procedures 
 [  4  ] . This initial increase in morbidity was attributed to inad-
equate training of surgeons adopting the technique and led to 
the development of laparoscopic simulators for training out-
side the operating room  [  1  ] . Since that time, many improve-
ments have been made in the  fi eld of surgical simulation. 
This chapter presents the current status and future directions 
of simulation use in general surgery.  

   Simulators for General Surgery 

 Given the enormous variety of technical and nontechnical 
skills required of a general surgeon, a variety of methods and 
simulator models are used for general surgery training inside 
and outside the operating room. The two main and distinct 
methods used include task/procedural and scenario-based 
training with a clear tendency in recent years to combine the 
two in hybrid forms to more closely approximate the actual 
OR environment. For scenario-based training, high- fi delity 
mannequins and occasionally standardized patients are used 
as described in other chapters of this book. For task and pro-
cedural training, a number of models are available, which in 
the literature appear with variable names leading to confu-
sion for those unfamiliar with the  fi eld. To simplify, surgical 
simulators can be divided into realistic, virtual reality, and 
hybrid models. In addition, such models may offer training 
in speci fi c surgical tasks and/or whole procedures and may 
have variable levels of  fi delity. Nevertheless, a man-made 
model is not always required, as traditionally animals or 
human cadavers or parts thereof have also been used as mod-
els for training. The latter have comprised the backbone of 
training models for practicing surgeons being introduced to 
new techniques and procedures, as they offer high levels of 
 fi delity (Fig.  23.1 ). Despite their value, their high cost, 
resource intensive nature, and ethical considerations make 
these models less than ideal for training  [  5  ] . The ongoing 
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development and re fi nement of simulators is expected to 
minimize, if not eliminate, the need for such models. Still, 
animal parts such as pig’s feet or chicken breasts that can be 
used to practice suturing are fairly inexpensive and easy to 
acquire. These are likely to continue providing a popular 
“low-tech” platform for training in these tasks.  

   Physical Part-Task Trainers 

 Popular part-task trainers used in general surgery include a 
variety of models that allow training in chest tube placement, 
cricothyroidotomy, central line placement (subclavian, jugu-
lar, and femoral), arterial line placement, thoracentesis and 
paracentesis, ultrasound techniques, and several biopsy tech-
niques. Examples of these products include: the Focused 
Abdominal Sonography in Trauma (FAST) Exam Real Time 
Ultrasound Training Model (Blue Phantom, Redmond, WA, 
USA), Arterial Puncture Wrist (Limbs & Things, Bristol, 
UK), IOUSFAN (Kyoto Kagaku, Kyoto, Japan), SimMan 
(Leardal, Wappingers Falls, NY, USA), TraumaMan (see 
Fig.  23.2 ), CentraLineMan, and FemoraLineMan (Simulab 
Corporation, Seattle, WA, USA). Home-made models are 
not uncommon to address skills for which a commercial 
product is not available. Examples include, but are not lim-
ited to, a laparotomy model using foam, bubble wrap, plastic 
wrap, and various fabrics to inexpensively replicate the peri-
toneal contents and abdominal wall  [  6  ] , which has been 
adapted in the ACS/APDS surgical skills curriculum  [  7  ] ; an 
abscess model using mock purulent material injected into a 
chicken breast  [  8  ] ; and a laparoscopic common bile duct 
exploration model using vesical catheters  [  9  ] .  

 For training in laparoscopy, the most commonly used and 
widely available simulators are realistic part-task trainers, also 
known as benchtop, video, box, or pelvic trainers. These trainers 

have been developed to provide inexpensive and reproducible 
training in laparoscopy and generally include a con fi ned space 
(box) that resembles the abdominal cavity, an imaging system 
(video camera, light source, and monitor), access ports, and 
laparoscopic equipment (see Fig.  23.3 ). Historically, the Yale 
Top Gun laparoscopic skills and suturing course developed the 
 fi rst task trainer and included three tasks: the rope pass, cup 
drop, and triangle transfer drill  [  3  ] . Several other models and 
tasks have been developed subsequently with variable penetra-
tion in the market. The Southwestern stations were an expan-
sion of the Top Gun tasks and included a suturing task with 
foam and a task for placing numbered and lettered blocks on a 
checkerboard  [  10  ] . Laparoscopic models for simulation 
include the Fundamentals of Laparoscopic Surgery (FLS) 
Laparoscopic Trainer Box (Venture Technologies, North 
Billerica, MA, USA), Portable Laparoscopic Task Trainers 
(Ethicon, Somerville, NJ, USA), Helago Laparoscopic Trainer 
(Limbs & Things, Bristol, UK), and the Minimally Invasive 
Training System (3-Dmed, Franklin, OH, USA).  

 The Fundamentals of Laparoscopic Surgery (FLS) program 
deserves special mention. This program was developed under 
the auspices of the Society of American Gastrointestinal and 

  Fig. 23.1    Surgery residents and attendings practicing laparoscopic 
colectomy on a cadaver model       

  Fig. 23.2    TraumaMan (Simulab Corporation, Seattle, WA, USA) 
allows trainees to practice cricothyroidotomy, chest tube insertion, peri-
cardiocentesis, needle decompression, percutaneous tracheostomy, 
diagnostic peritoneal lavage, and IV cutdown (Photo from authors’ 
collection)       

  



35523 Simulation in General Surgery

Endoscopic Surgeons (SAGES) and the American College of 
Surgeons (ACS) and was based on the prior work of McGill 
University researchers  [  11–  14  ] . FLS is an Internet-based 
 program designed to provide and verify the fundamental 
skills and knowledge necessary for effective and safe lap-
aroscopic surgery and includes knowledge and skills com-
ponents. It includes modules on preoperative, intraoperative, 
and postoperative considerations during basic laparoscopic 
procedures and potential complications, as well as manual 
skill practice on  fi ve tasks: peg transfer, precision cutting, 
placement of a ligating loop, and suturing using extracor-
poreal and intracorporeal knot tying  [  15  ]  (see Fig.  23.4 ). 
This program has undergone rigorous validation  [  16  ]  and 
is currently available to all general surgery residency pro-
grams in the USA through an industry-supported grant  [  17  ] . 
Importantly, general surgery residents are now required to 
obtain FLS certi fi cation to be eligible to take the qualifying 
examination for the American Board of Surgery  [  16  ] . This 
is the  fi rst inclusion of simulation as a component of board 
certi fi cation in general surgery.   

   Virtual Reality Part-Task Trainers 

 Compared with realistic simulators, virtual reality (VR) sim-
ulators offer different advantages to the learner. These sys-
tems are con fi gurable (different levels of dif fi culty), allow 
for multiple anatomic variations to simulate pathology and 
aberrant anatomy  [  3  ] , and enable repetitive practice of proce-
dures at minimal cost (i.e., the same task/procedure can be 
performed an in fi nite number of times without the need for 
supplies or disposables). Additionally, VR simulators do not 
require the presence of an instructor as they often provide 
built-in tutorials and multiple metrics that can be used for 
learner performance assessment and feedback. Their disad-
vantages include high acquisition and maintenance costs, the 
need for periodic software and hardware updates, suboptimal 
realism, and the potential for learning bad habits in the 
absence of an instructor to give feedback. 

 The  fi rst and best validated VR simulator, the Minimally 
Invasive Surgical Trainer-Virtual Reality (MIST-VR; 
Mentice, Gothenburg, Sweden), is currently available as 
part of LapSim. Popular VR systems include the LapMentor 
(Simbionix, Cleveland, OH, USA), CAE LaparoscopyVR 
(CAE Healthcare, Montreal, Canada), and LapSim (Surgical 
Science, Göteborg, Sweden) and offer a variety of laparo-
scopic procedures that extend beyond general surgery. 
Virtual reality simulators also exist for training in  fl exible 
endoscopy including upper endoscopy, colonoscopy, and 
bronchoscopy and are addressed in other chapters. Examples 
include the CAE EndoscopyVR Simulator (CAE Healthcare, 
Montreal, Canada), the GI Mentor (Simbionix, Cleveland, 
OH, USA), the Surgical Science colonoscopy simulator 
(Surgical Science, Göteborg, Sweden), and the Endo TS-1 
(Olympus Keymed, Southend, UK). Basic endoscopic 
skills as well as biopsy, polypectomy, and bleeding control 

  Fig. 23.3    Surgery resident practices laparoscopic suturing on a box 
trainer       

  Fig. 23.4    Screenshot of intracorporeal knot tying on a box trainer       
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 techniques can be practiced on these devices. At the time of 
writing this chapter, SAGES is developing the Fundamentals 
of Endoscopic Surgery (FES), which is a VR-based program 
similar to FLS that aims to teach and assess the endoscopic 
skills of surgery residents. The authors anticipate that FES, 
like FLS, will eventually become an integral part of the gen-
eral surgery resident curriculum. 

 Other VR systems available for training in general sur-
gery involve endovascular techniques and procedures. 
Systems such as the Procedicus VIST (Mentice, Göteborg, 
Sweden), ANGIO Mentor (Simbionix, Cleveland, OH, 
USA), and SimSuite (Medical Simulation Corporation, 
Denver, CO, USA) provide the opportunity to practice endo-
vascular procedures and a means of skill assessment. 
Moreover, some of these systems allow for the import of 
actual patient imaging data that can then be used for practice 
of a planned intervention before its actual performance on 
the patient. Evidence suggests that patient-speci fi c practice 
may be superior to generic practice when using these simu-
lators  [  18  ] . 

 Other VR simulators that deserve mention include the 
CAE VIMEDIX ultrasound simulator (CAE Healthcare, 
Montreal, Canada), which besides providing an excellent 
platform for training in echocardiography also offers FAST 
modules that are very useful for training surgery residents to 
recognize intra-abdominal injuries in trauma patients. In 
addition, laparoscopic ultrasound compatible models (e.g., 
IOUSFAN, Kyoto Kagaku, Kyoto, Japan) are being devel-
oped, which can be combined with liver biopsy and radio-
frequency ablation (RFA) techniques. 

 With the recent popularity of robotic surgery, especially in dis-
ciplines such as urology and gynecology, new VR simulators have 
emerged such as the Mimic dV-Trainer (Mimic Technologies Inc, 
Seattle, WA) available to the users of the da Vinci robotic system. 
Other home-made training systems in robotic surgery exist as 
well, using FLS-type tasks  [  19  ] . Multidisciplinary efforts in sur-
gery are currently ongoing to create the Fundamentals of Robotic 
Surgery (FRS). Hybrid simulators, such as the ProMIS (CAE 
Healthcare, Montreal, Canada), which combine realistic instru-
ments and imaging with a virtual reality interface and metrics 
(motion tracking), are also popular. 

 Finally, while the majority of available simulators focus 
on laparoscopy, the increasing dominance of laparoscopic 
procedures over their open counterparts has created a need 
for training in open procedures. To address this need, 
open-surgery VR platforms have been developed such as 
the SurgSim Trainers (SimQuest LLC, Silver Springs, MD, 
USA), the Phantom Desktop (SensAble Technologies, 
Wilmington, MA, USA), and the CyberGlove II (Meta 
Motion, San Francisco, CA, USA). Initial experience 
indicates that the creation of VR systems for open sur-
gery is considerably more dif fi cult than for laparoscopic 
 procedures  [  5  ] .  

   Evidence in Support of Simulation 
in General Surgery 

 In a landmark 2000 study, Scott and colleagues  [  10  ]  demon-
strated that simulator-acquired skill successfully transferred 
to the operating room. In this randomized controlled study, 
junior general surgery residents trained on basic laparoscopic 
tasks using the  fi ve UT-Southwestern video trainers, and 
their performance during a laparoscopic cholecystectomy was 
compared with a control group. Simulator-trained residents 
performed better in the OR than controls demonstrating the 
value of simulator training for the acquisition of laparoscopic 
skill  [  10  ] . In 2002, another landmark, randomized, double-
blinded study demonstrated transferability of laparoscopic skill 
acquired on the MIST-VR simulator to the operating room. 
Virtual reality-trained residents were 29% faster and six times 
less likely to commit an error compared with non-VR-trained 
residents during gallbladder dissection. Additionally, the non-
VR-trained residents were nine times more likely to transiently 
fail to make progress  [  20  ] . Since that time, several additional 
good quality studies have demonstrated the value of training on 
surgical simulators  [  21,   22  ] . 

 A systematic review of ten randomized controlled trials 
 [  23  ]  con fi rmed that simulator-acquired surgical skill transfers 
to the operating room but also recommended additional better 
quality studies. More recently, another randomized controlled 
trial demonstrated that junior surgery residents performed 
better in the operating room compared with controls after 
they trained to pro fi ciency on the FLS tasks  [  24  ] . Importantly, 
after only 2.5 h of supervised practice and 5 h of individual 
practice, the FLS-trained  fi rst- and second-year residents per-
formed in the OR at the level of third- and fourth-year resi-
dents as measured in a prior study  [  25  ] . Several other studies 
have demonstrated the value of available endoscopy and 
angiography simulators  [  26–  29  ] . While the evidence docu-
menting the impact of simulator training on clinical perfor-
mance is adequate, the majority of published studies report 
T2 translational outcomes (impact of training on learner per-
formance), and T3 outcomes (impact of training on patient 
outcomes) are sparse. A group from Northwestern University 
demonstrated that residents who received internal jugular and 
subclavian training on simulators inserted central lines in the 
medical intensive care unit with signi fi cantly fewer needle 
passes, catheter adjustments, arterial punctures, and with 
higher success rates than traditionally trained residents (his-
torical controls)  [  30  ] . They then conducted a before/after 
observational study in the medical intensive care unit on the 
incidence of catheter-related and bloodstream infections over 
32 months and found a 85% reduction in catheter-related 
bloodstream infections after the simulation-based trained 
residents entered the intensive care unit (0.50 infections per 
1,000 catheter days) compared with both the same unit before 
the intervention (3.20 infections per 1,000 catheter days, 
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 P  = 0.001) and a comparison intensive care unit in the same 
hospital throughout the study period (5.03 infections per 
1,000 catheter days,  P  = 0.001)  [  31  ] . 

 While the previous studies were not done with surgery 
residents, the procedural task assessed clearly has relevance 
to surgery. A recently published, more surgery-speci fi c study 
demonstrated improved operative performance and time, as 
well as improved patient outcomes regarding intraoperative 
and postoperative complications after laparoscopic inguinal 
hernia repair for residents who trained to expert levels on an 
inguinal hernia simulator compared with a control group in a 
randomized controlled trial  [  32  ] . It should be noted, how-
ever, that the transfer of skill acquired on surgical simulators 
to the clinical environment is not complete. Several studies 
have demonstrated that, when using a pro fi ciency-based sim-
ulator training paradigm, while novices can achieve expert-
derived performance criteria on the simulator, their 
performance lags that of experts in the OR  [  33–  35  ] . This 
phenomenon is likely multifactorial and requires further 
investigation  [  35  ] . A comprehensive review of all the studies 
in support of simulation-based training is beyond the scope 
of this chapter, and readers are referred to excellent review 
articles  [  23,   36,   37  ] . Suf fi ce it to say that the evidence for 
simulation in general surgery is mounting and as such, its use 
has expanded.   

   Performance Assessment Using Simulators 

 Besides providing an effective training tool, simulators make 
it possible to objectively assess learner performance. A variety 
of assessment tools and simulator performance metrics cur-
rently are used in general surgery, and efforts are ongoing to 
re fi ne them. The most often used metrics in surgical simula-
tion include task duration and performance error measure-
ments. These metrics provide robust and relevant information 
and have been incorporated into the FLS program. In the latter, 
learners practice repetitively until they reach a level of ef fi cient 
and error-free performance as de fi ned by task-speci fi c metrics 
of time and errors. Nevertheless, while these traditional met-
rics have stood the test of time and are easy to obtain, concerns 
exist that they may not be the ideal or the only metrics for 
performance assessment on simulators. The rationale is that 
these metrics do not provide insight regarding the effort the 
individual had to invest to achieve a speci fi c level of perfor-
mance or whether learning has been completed  [  38,   39  ] . 

 Several research groups have therefore suggested that 
additional performance metrics be used. Limb kinematics 
(i.e., trajectory, velocity, and acceleration) have probably 
gathered the most attention and have been shown to distin-
guish performers of variable skill in several studies  [  40,   41  ] . 
Such metrics can be obtained on physical simulators using 
specialized recording systems, such as the Imperial College 

Surgical Assessment Device (ICSAD) that uses an electro-
magnetic tracking system for motion tracking  [  40  ]  or the 
ProMIS simulator (CAE Healthcare, Montreal, Canada) that 
tracks motion from the instrument tips  [  41  ]  and are readily 
available on virtual reality simulators. Unfortunately, there is 
limited evidence about the importance of such metrics for 
learning. In a prior prospective study, 60% of novices who 
trained to pro fi ciency in a basic laparoscopic task were able 
to achieve motion metrics goals easier than time goals indi-
cating that the incorporation of motion metrics into training 
goals had limited effectiveness for skill acquisition  [  42  ] . In a 
very recent study, the authors demonstrated in a randomized 
controlled trial that the use of motion metrics as performance 
goals did not lead to improved transfer of skill to the OR 
compared with time goals alone or in combination (Stefanidis 
et al., Does the Incorporation of Motion Metrics Into the 
Existing FLS Metrics Lead to Improved Skill Acquisition on 
Simulators? publication pending). 

 Besides the aforementioned metrics, additional metrics 
have been proposed for simulator performance assessment 
with promising results. These either re fl ect the effort that the 
learner had to invest to achieve a level of performance (such 
as the NASA-TLX workload assessment tool)  [  43  ] , rely on 
the measurement of distinct expert characteristics (such as 
eye tracking)  [  44  ] , or use secondary task measures that re fl ect 
multitasking ability  [  38,   45  ] . In a study by Stefanidis et al., 
training of novices to automaticity using secondary task per-
formance as a training goal in addition to time and errors led 
to better transfer of simulator-acquired skill to the OR com-
pared with traditional pro fi ciency-based training alone  [  46  ] . 
Such metrics may prove important to augment skill acquisi-
tion on surgical simulators and minimize the incomplete 
transfer of skill to the OR environment. 

 Besides using these metrics, surgical performance can 
also be reliably assessed by an experienced observer. In fact, 
this type of assessment may be preferable for some skills, as 
it provides qualitative information on learner performance 
that can then be provided as summative and formative feed-
back to the learner  [  47,   48  ] . Furthermore, these instruments 
are versatile as they can often be used for similar tasks. This 
type of assessment is frequently criticized as it relies on sub-
jective ratings, unclear operational de fi nitions of perfor-
mance, and ambiguity in responding  [  5  ] ; it is therefore 
imperative that the reliability and validity of such instru-
ments be proved before their use for evaluation  [  47  ] . Observer 
ratings are typically provided on global rating scales, visual 
analog scales, checklists, or a combination of these. When 
completed by experts, current evidence suggests that global 
rating scales are superior to checklists for the evaluation of 
technical skills  [  49,   50  ] . 

 Some authors suggest that checklists and visual analog 
scales should not be included in technical skills assessment, 
as they fail to enhance the effectiveness of performance 
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assessment compared with global rating scales alone  [  47,   49  ] . 
On the other hand, checklists may provide important, more 
speci fi c information for formative feedback on learner per-
formance that could augment learning. Validated rating scales 
for technical skill assessment have been developed for open, 
laparoscopic, and endoscopic skills. The objective struc-
tured assessment of technical skill (OSATS)  [  48  ] , the global 
operative assessment of laparoscopic skills (GOALS)  [  47  ] , 
and global assessment of gastrointestinal endoscopic skill 
(GAGES)  [  51  ]  have been demonstrated to be valid and reli-
able measures of performance and have been used widely in 
the literature for this purpose. However, the exact relationship 
of observer ratings with other more objective performance 
metrics is not well understood and requires further study.  

   Skills Curriculum Development 

 Despite the evidence supporting simulation training in gen-
eral surgery, the sole availability of a simulator does not 
guarantee its educational effectiveness. The most important 
ingredient is the curriculum. More importantly, most experts 
in the  fi eld advise that simulators are acquired or developed 
based on the objectives of the curriculum  [  52,   53  ] . Early 
experience with simulators in general surgery supports this 
notion, as in the absence of a structured curriculum, most 
simulators, no matter how expensive or sophisticated ended 
up collecting dust. Curriculum development starts with a 
needs assessment and gap analysis, a selection of objectives 
and instructional methods and ongoing evaluation of its 
effectiveness and optimization based on accumulated experi-
ences  [  54  ] . It is also imperative to assess, at the beginning of 
the curriculum, the required resources for its successful 
implementation. Besides associated costs, equipment (includ-
ing simulators), and supplies, the need for supervising fac-
ulty and/or other personnel should not be overlooked. 
Importantly, in the case of residents, this translates into iden-
tifying protected time and implementing external motivators 
for participation (both for residents and teaching faculty). In 
the authors’ experience, the latter two factors have been the 
most challenging  [  55  ] . 

 Several ingredients guarantee a successful skills cur-
riculum; foremost is deliberate practice for the purpose of 
effectively improving speci fi c aspects of an individual’s 
performance  [  56  ] . According to Duvivier et al.  [  57  ] , the char-
acteristics of deliberate practice in medical education include: 
(a) repetitive performance of intended cognitive or psycho-
motor skills, (b) rigorous skills assessment, (c)  provision of 
speci fi c performance feedback, and (d) the ongoing effort to 
improve one’s performance. The same authors suggest that 
the personal skills needed to successfully develop clinical 
skills include planning (organize work in a structured way), 
concentration/dedication (long attention span), repetition/

revision (strong tendency to practice), and study style/self-
re fl ection (tendency to self-regulate learning). The applicabil-
ity and value of deliberate practice for surgical skill training 
has been demonstrated for surgical tasks on a virtual reality 
simulator  [  58  ] . Important ingredients for deliberate practice 
include internal and external motivation of learners. Internal 
motivation is the most important driving force for learning 
but is unique to each trainee and dif fi cult to modify exter-
nally. Nevertheless, several external motivators can help 
improve learning on simulators. These may include practice 
time protected from other training responsibilities, healthy 
competition among trainees with performance goals and rec-
ognition of the best performers, rewarding excellent perfor-
mance, and requiring the achievement of speci fi c performance 
scores before the trainee is permitted to work in the clinical 
environment  [  59  ] . Mandatory participation of surgery resi-
dents in simulation training is critical to a curriculum, as resi-
dent participation has been shown to range from 7 to 14% in 
voluntary curricula  [  55,   60  ] . 

   Feedback 

 Performance feedback helps learners improve, but the timing 
of its administration is also important. Several studies 
 [  61–  65  ]  have shown that external feedback versus no feed-
back leads to improved skill acquisition and retention, inde-
pendent of the practiced task. Furthermore, the provision of 
summative feedback (at the end of performance) has been 
demonstrated to be superior to concurrent feedback (during 
practice trials)  [  61,   66  ] ; the latter may in fact inhibit perfor-
mance if excessive  [  61  ] . The bene fi t of video tutorials for 
surgical skill acquisition has also been well documented. 
CD-ROM tutorials have been shown to effectively transfer 
cognitive information for motor skill learning  [  67  ] . Video 
tutorial viewings have been shown to augment laparoscopic 
performance on simulators  [  68  ]  and hasten the attainment of 
pro fi ciency  [  61  ]  especially when provided before and during 
training as needed  [  69  ] . Importantly, computer-based video 
instruction has been shown to be as effective as expert feed-
back for the retention of simulator-acquired laparoscopic 
suturing and knot-tying skills  [  62  ] .  

   Training Intervals 

 Practice distribution can also be optimized to enhance learn-
ing. It has been established that practice can initiate neural 
processes that continue to evolve many hours after practice 
has ended  [  70  ] . Related to surgical skills, this has been sup-
ported in a randomized, controlled trial that revealed micro-
vascular anastomosis skills to be better retained and 
transferred when taught in a distributed manner, as opposed 
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to a massed (all training provided in one session) manner 
 [  71  ] . In a large meta-analysis, it was noted that simple tasks 
are better acquired with shorter inter-training intervals, while 
more complex tasks required longer intervals for optimal 
learning  [  72  ] . For the creation of an end-to-side vascular 
anastomosis, no difference in performance was demonstrated 
4 months after training when the skill was acquired in weekly 
versus monthly training sessions  [  73  ] .  

   Pro fi ciency-Based Curricula 

 Pro fi ciency-based curricula deserve special mention. Such 
curricula set training goals for learners that are derived from 
expert performance. Unlike traditional training paradigms 
that de fi ne training duration based on time or number of rep-
etitions, pro fi ciency-based curricula tailor training to indi-
vidual needs and lead to homogenous skill acquisition. The 
superiority of pro fi ciency-based training compared with 
these traditional training methods is well supported in the 
literature  [  5,   33,   53,   74,   75  ] . With known goals, the trainee 
can compare his or her performance to these targets for 
immediate feedback. This promotes deliberate practice, 
enhances motivation, and improves skill acquisition  [  69,   76  ] . 
In a randomized trial by Madan and colleagues, residents 
who trained with performance goals outperformed residents 
who practiced the same amount of time but without goals in 
eight simulated laparoscopic tasks  [  77  ] . In another study, 
Gauger and colleagues  [  78  ]  demonstrated that the use of 
speci fi c performance targets and feedback improved the abil-
ity of novice surgeons to attain high levels of pro fi ciency in 
both simulated tasks and actual operative performance. They 
also demonstrated that if learners are left to determine their 
own pro fi ciency targets and practice needs, less practice 
occurs and the level of accomplishment is lower  [  78  ] . 
Furthermore, the establishment of performance goals on 
simulators has been shown to increase resident attendance 
and participation in training programs  [  76  ]  and pro fi ciency-
based training to lead to improved retention of simulator-
acquired skill  [  34  ] . 

 Examples of simulator-based curricula widely used in gen-
eral surgery include the American College of Surgeons and the 
Association of Program Directors in Surgery (ACS/APDS) 
national surgical skills curriculum (Table  23.1 ) that addresses 
the needs of general surgery residents. This pro fi ciency-based 
skills curriculum is web-based and readily accessible to all. It 
includes a variety of simulations to achieve the desired learning 
objectives and was introduced in three phases. Phase I includes 
20 modules that address basic surgical skills, and phase II 
includes 15 advanced procedures modules. Each of these mod-
ules includes objectives, assumptions, suggested readings, 
descriptions of steps for speci fi c skills and common errors, 
an expert performance video, recommendations for guided 

practice, and information on station setup and use. Many modules 
also include tools for the veri fi cation of pro fi ciency to assess 
the readiness of individual residents for the operating room. A 
faculty guidebook provides descriptions of information on 

   Table 23.1    (ACS/APDS) National surgical skills curriculum   

 Phase 1: Basic/core skills and tasks 
  Advanced laparoscopy skills 
  Advanced tissue handling:  fl aps, skin grafts 
  Airway management 
  Asepsis and instrument identi fi cation 
  Basic laparoscopy skills 
  Bone  fi xation and casting 
  Central line insertion and arterial lines 
  Chest tube and thoracentesis 
  Colonoscopy 
  Hand-sewn gastrointestinal anastomosis 
  Inguinal anatomy 
  Knot tying 
  Laparotomy opening and closure 
  Stapled gastrointestinal anastomosis 
  Surgical biopsy 
  Suturing 
  Tissue handling, dissection, and wound closure 
  Upper endoscopy 
  Urethral and suprapubic catheterization 
  Vascular anastomosis 
 Phase 2: Advanced procedures 
  Gastric resection and peptic ulcer disease 
  Laparoscopic appendectomy 
  Laparoscopic inguinal hernia repair 
  Laparoscopic right colon resection 
  Laparoscopic sigmoid resection 
  Laparoscopic Nissen fundoplication 
  Laparoscopic ventral hernia repair 
  Laparoscopic ventral/incisional hernia repair 
  Laparoscopic/open bile duct exploration 
  Laparoscopic/open cholecystectomy 
  Laparoscopic/open splenectomy 
  Open inguinal/femoral hernia repair 
  Open right colon resection 
  Parathyroidectomy/thyroidectomy 
  Sentinel node biopsy and axillary lymph node dissection 
 Phase 3: Team-based skills 
  Laparoscopic crisis 
  Laparoscopic troubleshooting 
  Latex allergy anaphylaxis 
  Patient handoff 
  Postoperative hypotension 
  Postoperative MI (cardiogenic shock) 
  Postoperative pulmonary embolus 
  Preoperative brie fi ng 
  Retained sponge on postoperative chest X-ray 
  Trauma team training 
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 supplies, station design, vendors, products, and laboratory 
setup, as well as information on recommended teaching times. 
Phase III includes ten modules that address team-based skills, 
including scenarios in the OR, surgical ICU, and other settings. 
A faculty guidebook for team training is provided, and each 
module includes case information, patient data, faculty and 
 resident information, and debrie fi ng and assessment tools. 
Important concepts in team training are addressed, such as the 
development of expert team members versus expert teams, 
communication (critical language, closed loop), leadership, 
coping with stress, decision-making, and situational awareness 
 [  79,   80  ] .  

 Another example is the Advanced Trauma Operative 
Management (ATOM) course. The ATOM course is grounded 
in social cognitive theory and is designed to increase students’ 
knowledge, self-ef fi cacy, and surgical skill to manage pene-
trating trauma for 12 injuries in a porcine model  [  81–  83  ] . 
Developed in 1998, the ATOM program came under the aus-
pices of the American College of Surgeons Committee on 
Trauma in 2008. The course consists of pre-course reading 
materials, a pre-and post-course examination, and a 1-day on-
site curriculum of lectures and simulations. The pre-course 
materials include a textbook and a CD-ROM that demonstrate 
the surgical repair of penetrating injuries to the abdomen and 
chest. Students are expected to completely manage the inju-
ries, which includes identifying the injuries, developing man-
agement plans, and using surgical repair techniques. During 
the 1-day session, six 30-min lectures about the repair of pen-
etrating injuries to individual organs are presented in the 
morning. In the afternoon, the students participate in a simu-
lation session of penetrating trauma scenarios in a porcine 
model. Students are evaluated on their knowledge, self-
ef fi cacy, and psychomotor ability  [  81,   82  ] . Table  23.2  con-
tains an abbreviated skills curriculum outline, employed at 
the authors’ institution for weekly 90-min training sessions. 
Performance criteria for PGY-I and PGY-II residents, as well 
as the curriculum structure for PGY-II residents, are included 
in Table  23.2 .    

   Nontechnical Skills and Team Training 

 While most of the research and development in surgical sim-
ulation has focused on technical skills, simulation for the 
teaching of nontechnical skills and team training of surgeons 
has recently gained signi fi cant attention. Nontechnical skills 
consist of cognitive (decision-making, planning, and situa-
tion awareness) and interpersonal skills (communication, 
teamwork, and leadership). Nontechnical skills complement 
technical skills to create a safe operating room  [  84  ] . 

 Poor nontechnical skills have been associated with 
increased technical skills errors  [  85  ] , wrong-site surgery 

 [  86  ] , and incorrect instrument and sponge counts  [  87  ] . 
Importantly, breakdowns in nontechnical skills have been 
shown to result in increased patient morbidity and mortality 
 [  88  ] . Poor timing of communication and exclusion of key 
team members from communication have been reported to 
contribute to the failure of nearly one-third of all operating 
room communications  [  89  ] . The current operating room 
 culture has also been shown to discourage members from 
alerting other members to potential threats  [  90  ]  with a nega-
tive impact on patient safety  [  91  ] . Many experts believe that 
the operating staff is not an expert team, but rather a team of 
experts who prefer multi-professional practice over interpro-
fessional collaboration  [  92,   93  ] . Indeed, surgeons and anes-
thesiologists have been reported to view an operating room 
team as a group of specialists working within their own 
boundaries  [  94  ] . Furthermore, the perception of teamwork 
ability is  fl awed. A previous study showed that, in the same 
interaction, surgeons believed almost twice as often as nurses 
that quality teamwork occurred  [  95  ] . 

 Similar to technical skills, nontechnical skills can also 
be acquired through training  [  96  ] . Simulation has been 
shown to be superior to lectures for the transfer of neces-
sary teamwork behaviors to the clinical setting  [  97  ] . 
High- fi delity simulation has been shown to improve 
team-based attitudes in trainees, as well as teamwork 
within the operating room  [  98,   99  ] . High- fi delity simula-
tion not only allows for practice and re fi nement of coop-
erative patient care but also provides the opportunity to 
manage rare events and learn the consequences of correct 
and incorrect management  [  100  ] . Surgical team training, 
in general, has been shown to improve cognitive, affec-
tive, process, and performance outcomes through many 
modalities  [  97,   101,   102  ] . 

 High- fi delity patient simulators described in previous 
chapters of this book are also used for team training in 
 general surgery (see Fig.  23.5 ). The ability to use these 
 simulators, to replicate an immersive operating room, 
critical care, or  trauma bay environment together with the 
opportunity to debrief the learner at the end of the simula-
tion session  provide a very effective teaching tool for sur-
geon educators. An example of team training scenarios 
used widely in general surgery is the phase III modules of 
the ACS/APDS national skills curriculum described pre-
viously in this chapter  [  103  ] . In addition, home-made sce-
narios allow teaching programs to expand their curriculum 
and focus on areas of resident weakness and need for 
improvement.  

 Several tools have also been developed and validated for 
the assessment of nontechnical skills in the operating room. 
Examples include the Oxford NOTECHS system  [  104–  106  ]  
which was developed by an aviation instrument used to eval-
uate nontechnical skills (Fig.  23.6 ).   



36123 Simulation in General Surgery

   Table 23.2    CMC general surgery skills curriculum outline   

 The skills curriculum at Carolinas Medical Center consists of a combination of pro fi ciency-based training in open, laparoscopic, and endo-
scopic skills on surgical simulators, scenario-based training on high- fi delity patient simulators, and hands-on interactive lectures. 
 PGY-I–III residents participate in both training and testing sessions. PGY-IV and PGY-V residents participate in testing sessions only unless 
their performance does not meet the set performance criteria; then they resume training. Residents who achieve the level assigned goals but fail 
to demonstrate pro fi ciency during testing sessions are required to resume training until they demonstrate pro fi ciency on simulators again. 
 Training is mandatory and tailored to year of training. Performance data are collected and analyzed on a quarterly basis. Residents are provided 
feedback on their progress and on how their performance relates to the average performance in their level. 
  Performance Criteria by Level  
 PGY-I 
  1.  Basic laparoscopic skills  (FLS tasks 1–3 and LapMentor VR basic Skills 1–8) 
   (a) Expert level + 2 standard deviations 
  2.  Open skills  (suturing and knot-tying tasks, APDS/ ACS skills curriculum modules and UTSW tasks) 
   (a) Expert level + 2 standard deviations 
  3.  Endoscopic skills  (basic skills and  fi rst 3 cases of EGD modules on VR endoscopy trainer) 
   (a) Completion of 10 repetitions on each module 
  4.   Performance during scenarios on patient simulator  (APDS/ACS skills curriculum modules and home-made modules, assessment using 

scenario speci fi c checklists) 
  5.  Faculty evaluation forms for the following procedures  (direct observation, 20 total) 
   (a)  Central/arterial line, chest tube placement, open inguinal hernia, lap/open appendectomy, skin and soft tissue procedures (excisions, 

biopsies) 
  6.  Traditional rotation evaluations by faculty  
 PGY-II 
  1.  Advanced laparoscopic skills  (FLS tasks 4 and 5 suturing, Endostitch, VR suturing module, VR lap chole and VR lap ventral) 
   (a) Expert + 1 standard deviation 
   (b) Completion of 5 repetitions of VR lap chole and ventral (all 6 modules) 
  2.  Open skills  (dif fi cult level) 
   (a) Expert level + 1 standard deviation 
  3.  Endoscopic skills  (colonoscopy, bronchoscopy) 
   (a) Completion of 10 repetitions on each module 
    (i) Expert levels (case 6 of colonoscopy) 
  4.  Performance during scenarios on patient simulator  (checklists) 
  5.  Faculty evaluation forms for the following procedures  (20 total) 
   (a)  Lap chole/ IOC, bowel resection/anastomosis, open/lap ventral hernia, lap/open appy, EGD/colonoscopy (GAGES assessment form), 

breast procedures 
  6.  Traditional rotation evaluations by faculty  
  Example of Skills Curriculum Structure: PGY-II  
  Cognitive Skills 
   Fundamentals of surgery curriculum (continued from PGY-I if not already completed) 
   Fundamentals of laparoscopic surgery (continued from PGY-I if not already completed) 
   SAGES procedural videos 
  Procedural Skills 
   Simulation Center: Procedural side 
    Pro fi ciency-based training on the following skills: 
     FLS tasks 4 and 5 (suturing) and Endostitch (both in FLS box) 
      APDS-I Module 18: Advanced laparoscopy skills (complementary) 
     VR lap suturing modules (several) on LapMentor 
     Advanced open suturing and knot-tying curriculum (UTSW 6 tasks) 
     VR lap cholecystectomy 5 repetitions of each of the 6 modules on LapMentor 
     VR lap ventral hernia 5 repetitions of each of the 6 modules on LapMentor 
     Colonoscopy modules on VR endoscopic simulator 
      APDS I Module 16: Colonoscopy (complementary) 
     Bronchoscopy modules on VR endoscopic simulator 
    Also: 
     APDS-I Module 19: Hand-sewn gastrointestinal anastomosis 

(continued)
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Table 23.2 (continued)

     APDS-I Module 20: Stapled gastrointestinal anastomosis 
     FAST exam (US simulator) 
     US-guided percutaneous biopsy of soft tissue lesions 
   Vivarium: Live workshop (animal/cadaver) 
    APDS-II Module 1: Lap ventral hernia repair 
    APDS-II Module 6: Intestinal stomas 
    APDS-II Module 9: Sentinel node biopsy and axillary lymph node dissection 
    APDS-I Module 10: Open inguinal/femoral hernia repair (repeat) 
    APDS-II Module 13: Laparoscopic/open cholecystectomy/liver biopsy 
    Lap/open lysis of adhesions 
   Simulation Center: Patient Simulation Side 
    APDS-III Module 1: Teamwork in the trauma bay 
    APDS-III Module 3: Laparoscopic crisis 
    APDS-III Module 5: Laparoscopic troubleshooting 
    APDS-III Module 10: Retained sponge on post-op X-ray 
    Hypoxemic ICU patient/ventilator management 
    Oliguric ICU patient 
   Skills Maintenance 
    If residents do not demonstrate pro fi ciency in PGY-I tasks during OSCE testing, they will have to retrain to pro fi ciency. 

  Fig. 23.5    Surgery resident practices intubation on a high- fi delity 
patient simulator       

   Work in Progress and Future Directions 
of Surgical Simulation 

   Medical Student Curriculum 

 As described in this chapter, simulation in general surgery 
has signi fi cantly advanced over the past decade. While most 
of these accomplishments have centered on the training of 
general surgery residents, there are several ongoing activities 
to address training needs across the educational spectrum. 
Such efforts include the development of the ACS/APDS/
ASE (Association for Surgical Education) Entering Surgery 
Resident Prep Curriculum for graduating medical students 

who have matched with surgery residency programs. This 
curriculum aims to improve the knowledge and skill of 
fourth-year medical students transitioning to surgical resi-
dency programs  [  80  ] . In addition, the ACS/ASE Medical 
Student Simulation-Based Surgical Skills Curriculum for all 
medical students in years 1–3 is nearing completion. This 
curriculum addresses cognitive, clinical, and technical skills 
relative to surgery that all medical students should acquire, 
regardless of intended specialty, and should be available soon 
to medical schools  [  80  ] .  

   Practicing Surgeon Curriculum and Assessment 

 Besides medical students and residents, efforts are also 
addressing the needs of practicing surgeons for the acquisi-
tion and maintenance of surgical knowledge and skills. These 
activities involve design and implementation of surgical 
skills courses, veri fi cation of knowledge and skills using 
valid and reliable assessment methods, and support for sur-
geons following participation in courses. While many of 
these activities traditionally have been industry-sponsored 
and conducted at institutions with adequate resources and 
available surgical expertise, simulation-based surgical skills 
courses focusing on new procedures are now offered to sur-
geons at the ACS annual clinical congresses. 

 For the assessment of knowledge and skills of the course 
participants, a 5-level veri fi cation model of the ACS Division 
of Education has been implemented: level I – veri fi cation of 
attendance; level II – veri fi cation of satisfactory completion 
of course objectives; level III – veri fi cation of knowledge and 
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Operating-theatre team Non-technical Skills (NOTECHS) assessment tool

Behaviour directly compromises patient
safety and effective teamwork

Behaviour in other conditions could directly
compromise patient safety and effective
teamwork

Behaviour maintains an effective level of
patient safety and teamwork

Behaviour enhances patient safety and
teamwork; a model for all other teams

Below standard = 1 Basic standard = 2 Standard = 3 Excellent = 4

Leadership and management

Maintenance of standards

Planning and preparation

Workload management

Authority and assertiveness
Teamwork and cooperation

Team building/maintaining

Support of others
Understanding team needs

Conflict solving

Problem-solving and decision-making
Definition and diagnosis

Option generation

Risk assessment
Outcome review

Situation awareness

Notice

Understand

Think ahead

Leadership

Team participation in planning/plan is shared/understanding confirmed/projects/changes in consultation
Distributes tasks/monitors/reviews/tasks are prioritised/allots adequate time/responds to stress
Advocates position/values team input/takes control/persistent/appropriate assertiveness

Relaxed/supportive/open/inclusive/polite/friendly/use of humour/does not compete
Helps others/offers assistance/gives feedback
Listens to others/recognises ability of team/condition of others considered/gives personal feedback
Keeps calm in conflicts/suggests conflict solutions/concentrates on what is right

Uses all resources/analytical decision-making/reviews factors with team
Suggests alternative option/asks for options/reviews outcomes/comfirms options
Estimates risks/considers risk in terms of team capabilities/estimates patient outcome
Reviews outcomes/reviews new options/objective, constructive and timely reviews/makes time for review/seeks
feedback from others/conducts post-treatment review

Considers all team elements/asks for or shares information/aware of available of resources/encourages vigilance/
checks and reports changes in team/requests reports/updates
Knows capabilities/cross-checks above/shares mental models/speaks up when unsure/updates other team
members/discusses team constraints
Identifies future problems/discusses contingencies/anticipates requirements

Involves/reflects on suggestions/visible/accessible/inspires/motivates/coaches
Subscribes to standards/monitors compliance to standards/intervenes if deviates with team approval/
demonstrates desire to achieve high standards

  Fig. 23.6    NOTECHS    Assessment Tool (Reproduced from Mishra et al.  [  104  ] . With permission from BMJ Publishing Group Ltd)       

skills, level IV – veri fi cation of preceptorial experience; and 
level V – demonstration of satisfactory patient outcomes 
 [  80,   107  ] . Efforts to further re fi ne this veri fi cation model, 
design effective practical models for preceptoring, and focus 
on the impact of the courses on the short- and long-term per-
formance of surgeons and on patient outcomes are underway. 

 Importantly, the Accredited Education Institutes of the ACS 
 [  108–  110  ]  have created a state-of-the-art simulation center 
 network that offers training opportunities to practicing sur-
geons and trainees that also allows the implementation of a 
more objective assessment process for the initial certi fi cation, 
maintenance of certi fi cation, or reentry into the surgical  fi eld. 
In addition, the consortium of these institutes and its commit-
tees are actively exploring collaborative research opportunities 
among centers that will advance the  fi eld. They are also work-
ing on the development of standard-setting activities; the cre-
ation, broad dissemination, and adoption of standard curricula; 
the design of models to evaluate outcomes; and the provision of 
uniform certi fi cates of veri fi cation  [  80  ] . 

 Research in the  fi eld has exponentially grown over the past 
few years but has been limited in quality and focus by consist-
ing of single-institution studies with small sample sizes. In an 
effort to provide guidance to researchers and funding agencies, 
the simulation committee of the Association for Surgical 
Education recently published a research agenda for surgical 

simulation generated using the Delphi process  [  111  ] . The same 
committee is working on determining performance bench-
marks in laparoscopic and open skills for surgical residents 
across the USA. Such levels will inform residents and faculty 
about their standing at a national level and may in fl uence cur-
riculum design and resident advancement. Similar collabora-
tive and multi-institutional research projects are likely to 
multiply and provide better quality evidence in the  fi eld.  

   Simulation for Surgical Credentialing 

 Simulation will also likely play a bigger role for the creden-
tialing of surgeons. One example is the requirement by the 
ABS for FLS certi fi cation before graduation of general sur-
gery residents. Given that simulators are great tools for 
objective assessment of performance, their increased use in 
credentialing is a matter of time. 

 Technologic advances are likely to improve existing sim-
ulators and lead to the creation of new ones. Simulators for 
open surgery in particular are expected to have the most 
growth. The teaching and assessment of nontechnical skills 
will continue to gain acceptance by the surgical community, 
and wider implementation of interdisciplinary and team 
training is on the horizon. Along with this, more emphasis 
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will be placed on the development and training of the trainers 
and speci fi c criteria established for instructors. Further research 
is also likely to determine the best metrics for performance 
assessment on technical and nontechnical skills. Better and 
more sensitive metrics of performance are likely to enhance 
skill acquisition on simulators and transfer to the operating 
room  [  46  ] . Better integration of simulation with clinical 
 performance and patient outcomes will be pursued, and 
de fi ciencies in the clinical performance of surgeons will iden-
tify training needs in the simulation lab. Simulators may also 
be used to supplement the acquisition and maintenance of 
skills that are rarely encountered in clinical practice by trainees 
and practicing surgeons. It will not be surprising if programs 
low on some procedures use simulator-based training to sup-
plement their resident experience and numbers. The creation 
of performance databanks that can inform learners, instructors, 
and programs and allow outcomes research is anticipated. The 
development of speci fi c guidelines and standards for simula-
tion training and assessment is also in sight. More collabora-
tive work among disciplines and the exchange of ideas will 
bring simulation to the next level. One such example is the 
recent formation of the Alliance of Surgical Simulation in 
Education and Training (ASSET) group that aims to create 
common standardized curricula for all surgical specialties and 
a structure that will provide the forum for exchange of ideas 
and collaboration among surgical disciplines.   

   Conclusion 

 Simulation in general surgery has had many advances in 
recent years. From the development of a variety of simula-
tors to the creation of national skills curricula, the establish-
ment of the accredited education institute network, and the 
re fi nement of assessment tools and metrics, the progress 
achieved signals a very bright future for the  fi eld. Surgical 
simulation will continue bringing the education and assess-
ment of surgical trainees and practicing surgeons to new lev-
els and is destined to improve patient care and outcomes.      

   References 

    1.    Martin RF. Simulation and surgical competency. Foreword. Surg 
Clin North Am. 2010;90(3):xiii–xv.  

    2.    Reznick RK, MacRae H. Teaching surgical skills – changes in the 
wind. N Engl J Med. 2006;355(25):2664–9.  

    3.    Choy I, Okrainec A. Simulation in surgery: perfecting the practice. 
Surg Clin North Am. 2010;90(3):457–73.  

    4.    Strasberg SM, Hertl M, Soper NJ. An analysis of the problem of 
biliary injury during laparoscopic cholecystectomy. J Am Coll 
Surg. 1995;180(1):101–25.  

    5.    Gallagher AG, Ritter EM, Champion H, et al. Virtual reality simula-
tion for the operating room: pro fi ciency-based training as a paradigm 
shift in surgical skills training. Ann Surg. 2005;241(2):364–72.  

    6.   Ketchum J, Bartless J. Laparotomy model. ACS/APDS surgical 
skills curriculum for residents: phase I, module 12. American 
College of Surgeons; 2009.  

    7.    Scott DJ, Dunnington GL. The new ACS/APDS skills curriculum: 
moving the learning curve out of the operating room. J Gastrointest 
Surg. 2008;12(2):213–21.  

    8.    Heiner JD. A new simulation model for skin abscess identi fi cation 
and management. Simul Healthc. 2010;5(4):238–41.  

    9.    Sanchez A, Rodriguez O, Benitez G, Sanchez R, De la Fuente L. 
Development of a training model for laparoscopic common bile 
duct exploration. JSLS. 2010;14(1):41–7.  

    10.    Scott DJ, Bergen PC, Rege RV, et al. Laparoscopic training on 
bench models: better and more cost effective than operating room 
experience? J Am Coll Surg. 2000;191(3):272–83.  

    11.    Fried GM, Feldman LS, Vassiliou MC, et al. Proving the value of 
simulation in laparoscopic surgery. Ann Surg. 2004;240(3):518–25; 
discussion 525–8.  

    12.    Derossis AM, Fried GM, Abrahamowicz M, Sigman HH, Barkun 
JS, Meakins JL. Development of a model for training and evalua-
tion of laparoscopic skills. Am J Surg. 1998;175(6):482–7.  

    13.    Derossis AM, Bothwell J, Sigman HH, Fried GM. The effect of 
practice on performance in a laparoscopic simulator. Surg Endosc. 
1998;12(9):1117–20.  

    14.    Fraser SA, Klassen DR, Feldman LS, Ghitulescu GA, 
Stanbridge D, Fried GM. Evaluating laparoscopic skills: set-
ting the pass/fail score for the MISTELS system. Surg Endosc. 
2003;17(6):964–7.  

    15.    Derossis AM, Antoniuk M, Fried GM. Evaluation of laparoscopic 
skills: a 2-year follow-up during residency training. Can J Surg. 
1999;42(4):293–6.  

    16.    Vassiliou MC, Dunkin BJ, Marks JM, Fried GM. FLS and FES: 
comprehensive models of training and assessment. Surg Clin North 
Am. 2010;90(3):535–58.  

    17.   Fundamentals of Laparoscopic Surgery.   http://www. fl sprogram.
org    . Accessed 31 Dec 2011.  

    18.    Willaert WI, Aggarwal R, Van Herzeele I, et al. Patient-speci fi c 
endovascular simulation in fl uences interventionalists performing 
carotid artery stenting procedures. Eur J Vasc Endovasc Surg. 
2011;41(4):492–500.  

    19.    Stefanidis D, Hope WW, Scott DJ. Robotic suturing on the FLS 
model possesses construct validity, is less physically demanding, 
and is favored by more surgeons compared with laparoscopy. Surg 
Endosc. 2011;25(7):2141–6.  

    20.    Seymour NE, Gallagher AG, Roman SA, et al. Virtual reality train-
ing improves operating room performance: results of a randomized, 
double-blinded study. Ann Surg. 2002;236(4):458–63; discussion 
463–4.  

    21.    Ahlberg G, Enochsson L, Gallagher AG, et al. Pro fi ciency-based 
virtual reality training signi fi cantly reduces the error rate for resi-
dents during their  fi rst 10 laparoscopic cholecystectomies. Am J 
Surg. 2007;193(6):797–804.  

    22.    Grantcharov TP, Kristiansen VB, Bendix J, Bardram L, Rosenberg 
J, Funch-Jensen P. Randomized clinical trial of virtual reality simu-
lation for laparoscopic skills training. Br J Surg. 2004;91(2):
146–50.  

    23.    Sturm LP, Windsor JA, Cosman PH, Cregan P, Hewett PJ, Maddern 
GJ. A systematic review of skills transfer after surgical simulation 
training. Ann Surg. 2008;248(2):166–79.  

    24.    Sroka G, Feldman LS, Vassiliou MC, Kaneva PA, Fayez R, Fried 
GM. Fundamentals of laparoscopic surgery simulator training to 
pro fi ciency improves laparoscopic performance in the operating 
room-a randomized controlled trial. Am J Surg. 2010;199(1):
115–20.  

    25.    McCluney AL, Vassiliou MC, Kaneva PA, et al. FLS simulator per-
formance predicts intraoperative laparoscopic skill. Surg Endosc. 
2007;21(11):1991–5.  

http://www.flsprogram.org/
http://www.flsprogram.org/


36523 Simulation in General Surgery

    26.    Haycock A, Koch AD, Familiari P, et al. Training and transfer of 
colonoscopy skills: a multinational, randomized, blinded, con-
trolled trial of simulator versus bedside training. Gastrointest 
Endosc. 2010;71(2):298–307.  

    27.    Haycock AV, Youd P, Bassett P, Saunders BP, Tekkis P, Thomas-
Gibson S. Simulator training improves practical skills in therapeu-
tic GI endoscopy: results from a randomized, blinded, controlled 
study. Gastrointest Endosc. 2009;70(5):835–45.  

    28.    Chaer RA, Derubertis BG, Lin SC, et al. Simulation improves resi-
dent performance in catheter-based intervention: results of a ran-
domized, controlled study. Ann Surg. 2006;244(3):343–52.  

    29.    Cohen J, Cohen SA, Vora KC, et al. Multicenter, randomized, con-
trolled trial of virtual-reality simulator training in acquisition of com-
petency in colonoscopy. Gastrointest Endosc. 2006;64(3):361–8.  

    30.    Barsuk JH, McGaghie WC, Cohen ER, O’Leary KJ, Wayne DB. 
Simulation-based mastery learning reduces complications during 
central venous catheter insertion in a medical intensive care unit. 
Crit Care Med. 2009;37(10):2697–701.  

    31.    Barsuk JH, Cohen ER, Feinglass J, McGaghie WC, Wayne DB. 
Use of simulation-based education to reduce catheter-related blood-
stream infections. Arch Intern Med. 2009;169(15):1420–3.  

    32.    Zendejas B, Cook DA, Bingener J, et al. Simulation-based mastery 
learning improves patient outcomes in laparoscopic inguinal hernia 
repair: a randomized controlled trial. Ann Surg. 2011;254(3):502–9; 
discussion 509–11.  

    33.    Korndorffer Jr JR, Dunne JB, Sierra R, Stefanidis D, Touchard CL, 
Scott DJ. Simulator training for laparoscopic suturing using perfor-
mance goals translates to the operating room. J Am Coll Surg. 
2005;201(1):23–9.  

    34.    Stefanidis D, Acker C, Heniford BT. Pro fi ciency-based laparo-
scopic simulator training leads to improved operating room skill 
that is resistant to decay. Surg Innov. 2008;15(1):69–73.  

    35.    Stefanidis D, Korndorffer Jr JR, Markley S, Sierra R, Heniford BT, 
Scott DJ. Closing the gap in operative performance between nov-
ices and experts: does harder mean better for laparoscopic simula-
tor training? J Am Coll Surg. 2007;205(2):307–13.  

    36.    McGaghie WC, Issenberg SB, Petrusa ER, Scalese RJ. A critical 
review of simulation-based medical education research: 2003–
2009. Med Educ. 2010;44(1):50–63.  

    37.    McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne DB. 
Does simulation-based medical education with deliberate practice 
yield better results than traditional clinical education? A meta-analytic 
comparative review of the evidence. Acad Med. 2011;86(6):706–11.  

    38.    Stefanidis D, Scerbo MW, Korndorffer Jr JR, Scott DJ. Rede fi ning 
simulator pro fi ciency using automaticity theory. Am J Surg. 
2007;193(4):502–6.  

    39.    O’Donnell RD, Eggemeier FT. Workload assessment methodology. 
In: Boff KR, Kaufman L, Thomas JP, editors. Handbook of percep-
tion and performance, cognitive processes and performance, vol. 2. 
New York: Wiley; 1986. p. 1–49.  

    40.    Datta V, Mackay S, Mandalia M, Darzi A. The use of electromagnetic 
motion tracking analysis to objectively measure open surgical skill in 
the laboratory-based model. J Am Coll Surg. 2001;193(5):479–85.  

    41.    Pellen MG, Horgan LF, Barton JR, Attwood SE. Construct validity of 
the ProMIS laparoscopic simulator. Surg Endosc. 2009;23(1):130–9.  

    42.    Stefanidis D, Scott DJ, Korndorffer Jr JR. Do metrics matter? Time 
versus motion tracking for performance assessment of pro fi ciency-
based laparoscopic skills training. Simul Healthc. 2009;4(2):104–8.  

    43.    Yurko YY, Scerbo MW, Prabhu AS, Acker CE, Stefanidis D. Higher 
mental workload is associated with poorer laparoscopic perfor-
mance as measured by the NASA-TLX tool. Simul Healthc. 2010;
5(5):267–71.  

    44.    Wilson M, McGrath J, Vine S, Brewer J, Defriend D, Masters R. 
Psychomotor control in a virtual laparoscopic surgery training envi-
ronment: gaze control parameters differentiate novices from 
experts. Surg Endosc. 2010;24(10):2458–64.  

    45.    Stefanidis D, Scerbo MW, Sechrist C, Mostafavi A, Heniford BT. 
Do novices display automaticity during simulator training? Am 
J Surg. 2008;195(2):210–3.  

    46.    Stefanidis D, Scerbo MW, Montero PN, Acker CE, Smith WD. 
Simulator training to automaticity leads to improved skill transfer 
compared with traditional pro fi ciency-based training: a randomized 
controlled trial. Ann Surg. 2012;255(1):30–7.  

    47.    Vassiliou MC, Feldman LS, Andrew CG, et al. A global assessment 
tool for evaluation of intraoperative laparoscopic skills. Am J Surg. 
2005;190(1):107–13.  

    48.    Martin JA, Regehr G, Reznick R, et al. Objective structured assess-
ment of technical skill (OSATS) for surgical residents. Br J Surg. 
1997;84(2):273–8.  

    49.    Hodges B, Regehr G, McNaughton N, Tiberius R, Hanson M. 
OSCE checklists do not capture increasing levels of expertise. Acad 
Med. 1999;74(10):1129–34.  

    50.    Regehr G, MacRae H, Reznick RK, Szalay D. Comparing the psy-
chometric properties of checklists and global rating scales for 
assessing performance on an OSCE-format examination. Acad 
Med. 1998;73(9):993–7.  

    51.    Vassiliou MC, Kaneva PA, Poulose BK, et al. Global Assessment of 
Gastrointestinal Endoscopic Skills (GAGES): a valid measurement 
tool for technical skills in  fl exible endoscopy. Surg Endosc. 
2010;24(8):1834–41.  

    52.    Satava RM. Disruptive visions: surgical education. Surg Endosc. 
2004;18(5):779–81.  

    53.    Fried GM. Lessons from the surgical experience with simulators: 
incorporation into training and utilization in determining compe-
tency. Gastrointest Endosc Clin N Am. 2006;16(3):425–34.  

    54.    Kern DE, Thomas PA, Hughes MT. Curriculum development for 
medical education: a six-step approach, vol. 2. Baltimore: Johns 
Hopkins University Press; 2009.  

    55.    Stefanidis D, Acker CE, Swiderski D, Heniford BT, Greene FL. 
Challenges during the implementation of a laparoscopic skills cur-
riculum in a busy general surgery residency program. J Surg Educ. 
2008;65(1):4–7.  

    56.    Ericsson KA, Krampe RT, Tesch-Römer C. The role of deliberate 
practice in the acquisition of expert performance. Psychol Rev. 
1993;100(3):363–406.  

    57.    Duvivier RJ, van Dalen J, Muijtjens AM, Moulaert VR, Van der 
Vleuten CP, Scherpbier AJ. The role of deliberate practice in the 
acquisition of clinical skills. BMC Med Educ. 2011;11(1):101.  

    58.    Crochet P, Aggarwal R, Dubb SS, et al. Deliberate practice on a 
virtual reality laparoscopic simulator enhances the quality of surgi-
cal technical skills. Ann Surg. 2011;253(6):1216–22.  

    59.    Stefanidis D. Optimal acquisition and assessment of pro fi ciency on 
simulators in surgery. Surg Clin North Am. 2010;90(3):475–89.  

    60.    Chang L, Petros J, Hess DT, Rotondi C, Babineau TJ. Integrating 
simulation into a surgical residency program: is voluntary partici-
pation effective? Surg Endosc. 2007;21(3):418–21.  

    61.    Stefanidis D, Korndorffer Jr JR, Heniford BT, Scott DJ. Limited 
feedback and video tutorials optimize learning and resource utiliza-
tion during laparoscopic simulator training. Surgery. 2007;142(2):
202–6.  

    62.    Xeroulis GJ, Park J, Moulton CA, Reznick RK, Leblanc V, 
Dubrowski A. Teaching suturing and knot-tying skills to medical 
students: a randomized controlled study comparing computer-based 
video instruction and (concurrent and summary) expert feedback. 
Surgery. 2007;141(4):442–9.  

    63.    Porte MC, Xeroulis G, Reznick RK, Dubrowski A. Verbal feedback 
from an expert is more effective than self-accessed feedback about 
motion ef fi ciency in learning new surgical skills. Am J Surg. 2007;
193(1):105–10.  

    64.    Mahmood T, Darzi A. The learning curve for a colonoscopy simu-
lator in the absence of any feedback: no feedback, no learning. Surg 
Endosc. 2004;18(8):1224–30.  



366 D. Stefanidis and P.D. Colavita

    65.    Chang JY, Chang GL, Chien CJ, Chung KC, Hsu AT. Effectiveness 
of two forms of feedback on training of a joint mobilization skill by 
using a joint translation simulator. Phys Ther. 2007;87(4):418–30.  

    66.    Schmidt RA, Wulf G. Continuous concurrent feedback degrades 
skill learning: implications for training and simulation. Hum Factors. 
1997;39(4):509–25.  

    67.    Rosser JC, Herman B, Risucci DA, Murayama M, Rosser LE, 
Merrell RC. Effectiveness of a CD-ROM multimedia tutorial in 
transferring cognitive knowledge essential for laparoscopic skill 
training. Am J Surg. 2000;179(4):320–4.  

    68.    Pearson AM, Gallagher AG, Rosser JC, Satava RM. Evaluation of 
structured and quantitative training methods for teaching intracor-
poreal knot tying. Surg Endosc. 2002;16(1):130–7.  

    69.    Magill RA. Motor learning and control. Concepts and applications. 
7th ed. New York: McGraw-Hill; 2004.  

    70.    Karni A, Meyer G, Rey-Hipolito C, et al. The acquisition of skilled 
motor performance: fast and slow experience-driven changes in pri-
mary motor cortex. Proc Natl Acad Sci USA. 1998;95(3):861–8.  

    71.    Moulton CA, Dubrowski A, Macrae H, Graham B, Grober E, Reznick 
R. Teaching surgical skills: what kind of practice makes perfect? 
A randomized, controlled trial. Ann Surg. 2006;244(3):400–9.  

    72.    Donovan J, Radosevich DJ. A meta-analytic review of the distribu-
tion of practice effect: now you see it, now you don’t. J Appl 
Psychol. 1999;84(5):795–805.  

    73.    Mitchell EL, Lee DY, Sevdalis N, et al. Evaluation of distributed 
practice schedules on retention of a newly acquired surgical skill: 
a randomized trial. Am J Surg. 2011;201(1):31–9.  

    74.    Aggarwal R, Grantcharov T, Moorthy K, Hance J, Darzi A. A com-
petency-based virtual reality training curriculum for the acquisition 
of laparoscopic psychomotor skill. Am J Surg. 2006;191(1):128–33.  

    75.    Stefanidis D, Heniford BT. The formula for a successful laparo-
scopic skills curriculum. Arch Surg. 2009;144(1):77–82; discus-
sion 82.  

    76.    Walters C, Acker C, Heniford BT, Greene FL, Stefanidis D. 
Performance goals on simulators boost resident motivation and 
skills lab attendance. J Am Coll Surg. 2008;207(3):S88.  

    77.    Madan AK, Harper JL, Taddeucci RJ, Tichansky DS. Goal-directed 
laparoscopic training leads to better laparoscopic skill acquisition. 
Surgery. 2008;144(2):345–50.  

    78.    Gauger PG, Hauge LS, Andreatta PB, et al. Laparoscopic simula-
tion training with pro fi ciency targets improves practice and perfor-
mance of novice surgeons. Am J Surg. 2010;199(1):72–80.  

    79.   ACS/APDS Surgical Skills Curriculum for Residents. 2009.   http://
elearning.facs.org    . Accessed 10 Jan 2012.  

    80.    Sachdeva AK, Buyske J, Dunnington GL, et al. A new paradigm for 
surgical procedural training. Curr Probl Surg. 2011;48(12):854–968.  

    81.    Jacobs LM, Luk S. Advanced trauma operative management: surgi-
cal strategies for penetrating trauma. 2nd ed. Woodbury: Ciné-Med 
Publishing, Inc; 2010.  

    82.    Jacobs LM, Burns KJ, Kaban JM, et al. Development and evalua-
tion of the advanced trauma operative management course. 
J Trauma. 2003;55(3):471–9; discussion 479.  

    83.    Bandura A. Social foundations of thought and action: a social cog-
nitive theory. Englewood Cliffs: Prentice Hall; 1986.  

    84.    Fletcher GC, McGeorge P, Flin RH, Glavin RJ, Maran NJ. The role 
of non-technical skills in anaesthesia: a review of current literature. 
Br J Anaesth. 2002;88(3):418–29.  

    85.    Mishra A, Catchpole K, Dale T, McCulloch P. The in fl uence of 
non-technical performance on technical outcome in laparoscopic 
cholecystectomy. Surg Endosc. 2008;22(1):68–73.  

    86.    Kwaan MR, Studdert DM, Zinner MJ, Gawande AA. Incidence, 
patterns, and prevention of wrong-site surgery. Arch Surg. 
2006;141(4):353–7; discussion 357–8.  

    87.    Greenberg CC, Regenbogen SE, Studdert DM, et al. Patterns of 
communication breakdowns resulting in injury to surgical patients. 
J Am Coll Surg. 2007;204(4):533–40.  

    88.    Mazzocco K, Petitti DB, Fong KT, et al. Surgical team behaviors 
and patient outcomes. Am J Surg. 2009;197(5):678–85.  

    89.    Lingard L, Espin S, Whyte S, et al. Communication failures in the 
operating room: an observational classi fi cation of recurrent types 
and effects. Qual Saf Health Care. 2004;13(5):330–4.  

    90.    Helmrich RL, Davies JM. Team performance in the operating 
room. In: Bogner MS, editor. Human error in medicine. Hillside: 
Erlbaum; 1994. p. 225–53.  

    91.    Belyansky I, Martin TR, Prabhu AS, et al. Poor resident-attending 
intraoperative communication may compromise patient safety. 
J Surg Res. 2011;171(2):386–94.  

    92.    Burke CS, Salas E, Wilson-Donnelly K, Priest H. How to turn a 
team of experts into an expert medical team: guidance from the 
aviation and military communities. Qual Saf Health Care. 2004;13 
Suppl 1:i96–104.  

    93.    Bleakley A, Boyden J, Hobbs A, Walsh L, Allard J. Improving team-
work climate in operating theatres: the shift from multiprofessional-
ism to interprofessionalism. J Interprof Care. 2006;20(5):461–70.  

    94.    Undre S, Sevdalis N, Healey AN, Darzi SA, Vincent CA. 
Teamwork in the operating theatre: cohesion or confusion? J Eval 
Clin Pract. 2006;12(2):182–9.  

    95.    Makary MA, Sexton JB, Freischlag JA, et al. Operating room 
teamwork among physicians and nurses: teamwork in the eye of 
the beholder. J Am Coll Surg. 2006;202(5):746–52.  

    96.    Baker DP, Day R, Salas E. Teamwork as an essential component of 
high-reliability organizations. Health Serv Res. 2006;41(4 Pt 2):
1576–98.  

    97.    Fernandez R, Vozenilek JA, Hegarty CB, et al. Developing expert 
medical teams: toward an evidence-based approach. Acad Emerg 
Med. 2008;15(11):1025–36.  

    98.    Paige JT, Kozmenko V, Yang T, et al. High- fi delity, simulation-
based, interdisciplinary operating room team training at the point 
of care. Surgery. 2009;145(2):138–46.  

    99.    Paige JT, Kozmenko V, Yang T, et al. High  fi delity, simulation-
based training at the point-of-care improves teamwork in the oper-
ating room. J Am Coll Surg. 2008;207(3):S87–8.  

    100.    Beaubien JM, Baker DP. The use of simulation for training team-
work skills in health care: how low can you go? Qual Saf Health 
Care. 2004;13 Suppl 1:i51–6.  

    101.    Wilson KA, Burke CS, Priest HA, Salas E. Promoting health care 
safety through training high reliability teams. Qual Saf Health 
Care. 2005;14(4):303–9.  

    102.    Salas E, DiazGranados D, Weaver SJ, King H. Does team training work? 
Principles for health care. Acad Emerg Med. 2008;15(11):1002–9.  

    103.   ACS/APDS surgical skills curriculum for residents: phase III, 
team-based skills.   http://elearning.facs.org/course/view.php?id=10    . 
Accessed 10 Jan 2012.  

    104.    Mishra A, Catchpole K, McCulloch P. The Oxford NOTECHS 
System: reliability and validity of a tool for measuring teamwork 
behaviour in the operating theatre. Qual Saf Health Care. 2009;
18(2):104–8.  

    105.    Sevdalis N, Davis R, Koutantji M, Undre S, Darzi A, Vincent CA. 
Reliability of a revised NOTECHS scale for use in surgical teams. 
Am J Surg. 2008;196(2):184–90.  

    106.    Hull L, Arora S, Kassab E, Kneebone R, Sevdalis N. Observational 
teamwork assessment for surgery: content validation and tool 
re fi nement. J Am Coll Surg. 2011;212(2):234–243.e231–235.  

    107.    Sachdeva AK. Acquiring skills in new procedures and technology: 
the challenge and the opportunity. Arch Surg. 2005;140(4):387–9.  

    108.    Sachdeva AK, Pellegrini CA, Johnson KA. Support for simulation-
based surgical education through American College of Surgeons – 
accredited education institutes. World J Surg. 2008;32(2):196–207.  

    109.    Sachdeva AK. Credentialing of surgical skills centers. Surgeon. 
2011;9 Suppl 1:S19–20.  

    110.    Sachdeva AK. Establishment of American College of Surgeons-
accredited Education Institutes: the dawn of a new era in surgical 
education and training. J Surg Educ. 2010;67(4):249–50.  

    111.    Stefanidis D, Arora S, Parrack DM, et al. Research priorities in sur-
gical simulation for the 21st century. Am J Surg. 2012;203(1):
49–53.      

http://elearning.facs.org/
http://elearning.facs.org/
http://elearning.facs.org/course/view.php?id=10


367A.I. Levine et al. (eds.), The Comprehensive Textbook of Healthcare Simulation, 
DOI 10.1007/978-1-4614-5993-4_24, © Springer Science+Business Media New York 2013

   Introduction 

 Simulation is emerging as a critical tool for teaching and 
assessing skills in the  fi eld of gastroenterology. The use of 
simulation has had particular application to endoscopic pro-
cedures, as a fundamental component of gastrointestinal (GI) 
patient care, in an era when academic physicians are facing 
increasing clinical practice demands, and training regulations 
may limit time available to learn  [  1,   2  ] . Simulation has been 
well demonstrated to provide GI trainees a means to gain 
technical exposure and experience in basic procedural skills, 
without compromising patient comfort and safety  [  3–  11  ] . For 
more experienced endoscopists, simulation lends itself to 
learning new techniques and to working with new technolo-
gies  [  12–  14  ] . Ultimately, simulation is likely to become 
important as a means for measuring GI procedural compe-
tency, as well as for ensuring skill maintenance and retention 
over the lifetime of a gastroenterologist’s career  [  15,   16  ] . 

 As an integral part of gastroenterological care, GI endos-
copy is a nonsurgical invasive procedure that is routinely 
performed using procedural sedation and analgesia to main-
tain patient comfort and safety  [  17  ] . The need to train gastro-
enterologists to master all skills involved in performing basic 
as well as advanced endoscopy is great. In accordance with 
CDC guidelines, all US adults over the age of 50 should 
undergo endoscopic screening for colorectal cancer  [  18  ] . An 
additional 200,000 US children annually undergo endoscopic 
exams for diagnostic and therapeutic purposes  [  19,   20  ] . To 
meet population demands, adult and pediatric gastroenterologists 

must reliably perform endoscopy safely, ef fi ciently, and with 
maximum patient comfort. 

 To date, most emphasis on simulation in gastroenterology 
has focused on part-task simulators designed to promote 
technical skills  [  1,   3,   4,   9,   21,   22  ] . These procedural trainers 
provide few means for simulating nontechnical (behavioral) 
skills necessary for optimal patient care, including leader-
ship and teamwork skills, as well as those involved in admin-
istering procedural sedation  [  23,   24  ] . Sedation is itself an 
inherently risky part of the procedure. Inadequately sedated 
patients may move excessively, increasing potential for 
adverse events, including perforation and hemorrhage  [  17  ] . 
Oversedation presents a host of patient risks, including 
hypoxia and cardiopulmonary arrest. With the high potential 
for both situations, gastroenterologists can bene fi t from 
training in crisis resource management  [  25  ] . Over time, it is 
likely that high- fi delity simulation of sedated gastrointestinal 
endoscopy will be emphasized in an effort to maximize tech-
nical and nontechnical skills required to successfully per-
form multiple tasks vital to safe GI procedures.  

   Training in GI Procedures 

 Formal training of physicians in gastroenterology includes 
both the supervised performance of procedures and the pro-
vision of patient sedation  [  26  ] . Although competency in the 
performance of GI procedures has remained a somewhat 
subjective issue, there is consensus that it requires certain 
core motor and cognitive skill elements  [  27  ] . Acquisition of 
teamwork skills required for competency is also acknowl-
edged, but less de fi ned  [  28  ] . Likewise, while a multi-society 
consensus curriculum has recently emerged for teaching 
sedation to gastroenterologists  [  29  ] , it remains expected that 
endoscopists will learn both skills simultaneously  [  30,   31  ] . 

 At a technical level, competency for performing proce-
dures depends upon visual pattern recognition, hand-eye 
coordination, and manual dexterity. Societal guidelines state 
that the degree or extent of supervision may be adjusted as 
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these skills mature  [  28  ] . Historically, the American Society 
for Gastrointestinal Endoscopy (ASGE) described three 
stages of endoscopic training  [  32  ] :

   Stage I—the stage of complete supervision during which • 
indications, contraindications, and sedation practices are 
carefully reviewed and handling of the endoscope by the 
trainee is gradually increased  
  Stage II—the stage at which partial supervision is neces-• 
sary, with the teacher intervening only when dif fi culties 
are encountered  
  Stage III—the stage at which a trainee has been declared • 
competent to perform a particular procedure and no lon-
ger requires direct supervision, yet may at times request 
assistance or advice for unusual  fi ndings or dif fi cult 
procedures    
 Most GI training guidelines have recommended threshold 

numbers (e.g., 130 upper endoscopies, 200 colonoscopies) 
of procedures that should be performed in patients before 
competency can be assessed  [  28  ] . These threshold numbers 
have been both criticized as being either too high or too low 
 [  26,   33  ] . To date, the debate about how best to achieve com-
petency to preserve patient safety has assumed that the per-
formance of GI endoscopy in actual patients is the only route 
to procedural mastery, although several studies have sug-
gested that simulation may provide a credible adjunct  [  27, 
  34,   35  ] .  

   Simulation and Gastrointestinal Procedures 

 Gastrointestinal endoscopy simulators can be broadly cate-
gorized as being animal, mechanical, or computerized. The 
use of simulation as a strategy to train gastrointestinal endos-
copists in technical skills can be traced to the early 1970s 
when the use of anesthetized dogs, baboons, and pigs were 
introduced as expensive, yet effective models for teaching 
and acquiring skills  [  36,   37  ] . Mechanical simulators were 
developed subsequently and remain generally limited in 
applicability to the most beginning stages of training. The 
earliest of computer simulators in gastroenterology com-
bined technology with harvested (ex vivo) porcine organs 
 [  38  ]  (Fig.  24.1 ). More recently, entirely computerized simu-
lators have been developed and have been demonstrated to 
be effective tools for teaching procedural skills to non-sur-
geons involved in performing upper and lower endoscopy  [  1, 
  3,   22,   39  ] .   

   Gastroenterological Animal Models 

 To a certain extent, animal models remain the most realistic 
endoscopy simulators. Live animals, in speci fi c, can provide 
a tactile and haptic experience that is remarkably similar to 

working with humans. Many live animal models favor juvenile 
pigs (approximately 35 kg in weight) and involve general 
anesthesia (Fig.  24.2 ). The use of such models on a wide basis 
is limited, appropriately, by the expense, facility require-
ments, and ethical considerations involved in their use.  

 Explanted animal models can also be used to simulate a 
number of important endoscopic interventions in a controlled 
setting, including polypectomy, endoscopic mucosal resec-
tion (EMR), endoscopic retrograde cholangiopancreatogra-
phy (ERCP), and double-balloon enteroscopy. Generally 
speaking, the explanted organs must be situated in a mechan-
ical device in a composite fashion (Fig.  24.3 ). The most 
commonly used composite simulator is the Erlangen Active 
Simulator for Interventional Endoscopy (EASIE) (ECE-
Training, GmbH, Erlangen, Germany), which was developed 
speci fi cally to provide training in therapeutic techniques, 
such as hemostasis. Modi fi ed, lighter-weight tabletop ver-
sions including the Erlangen compactEASIE, and the Endo 
X Trainer (Medical Innovations International, Rochester, 
MN) are designed to incorporate porcine organs (Fig.  24.4 ). 
Disadvantages of these models include complex preparatory 
routines, acquiring and disposing of explanted tissue and 
often unrealistic look, feel, and behavior of cadaveric tissues, 
which can detract from the experience.    

  Fig. 24.1    Simulation teaching of thermal hemostasis using combined 
technology with harvested (ex vivo) porcine organs       
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   Computer-Based Endoscopic Simulators 

 Computer-based simulators for gastrointestinal proce-
dures involve the insertion of a mock scope into an ana-
tomically illustrative ori fi ce to initiate a re-creation of 
visual and tactile sensations involved in using a  fl exible 
endoscope to examine and treat either the upper and lower 
gastrointestinal tract. Of two categories of computer-
based simulators, virtual reality simulators and physical 
models, the virtual reality simulators are generally stand-
alone systems that are specially equipped with dedicated 
monitors and endoscopes, while the physical model simu-
lators (i.e., the Koken Colonoscopy Training Model Type 
1-B (Koken C. Ltd., Tokyo, Japan)) are used in conjunc-
tion with real endoscopic equipment. One study by Hill 
et al. compared virtual reality endoscopic simulators with 
physical models and found little difference across simula-
tors in terms of their overall realism, while only the vir-
tual reality simulators provided more realistic auditory 
feedback regarding simulated patient discomfort  [  40  ] . 

 There are currently two different virtual reality models of 
computer-based part-task endoscopic simulators that are 
commercially available: the GI Mentor (Simbionix USA, 
Cleveland, OH) and CAE Endoscopy VR simulator (CAE 
Healthcare, Montreal, Quebec, Canada). Both models pro-
vide diagnostic and therapeutic endoluminal experiences, 
record performance metrics of operators, and have been 

  Fig. 24.2    Simulation training on an anesthetized pig serves as an 
effective model for teaching and acquiring skills       

  Fig. 24.3    Explanted porcine organs arranged for use in endoscopic 
simulation of small bowel double-balloon enteroscopy       

  Fig. 24.4    Top and side view of the Endo X Trainer, a porcine endos-
copy mold. The explanted porcine organs go in the mold for use in 
simulation (Image from   http://www.medicalinnovations.com/text/
endoscopic%20training%20device%20endo%20x%20trainer.html    . 
Used with permission from Medical Innovations)       
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independently shown to have construct, content, and face 
validity  [  39,   41  ] , as well as reliability  [  39,   42  ] . 

 The GI Mentor simulator consists of a mannequin though 
which a modi fi ed endoscope (Pentax ECS-3840 F) can be 
inserted through one of two ori fi ces that are representative of 
either a mouth or an anus  [  43  ] . The modi fi ed scope has an 
extremely high degree of realism and includes an air/water 
button, a suction button, and a working port that enables the 
simulation of diagnostic and therapeutic maneuvers, includ-
ing biopsy examination, polypectomy, balloon dilation, and 
electrocautery. As with actual procedures, the examination is 
projected on a monitor located behind the patient (Fig.  24.5 ).  

 Rather than a mannequin and standard scope, the CAE 
Endoscopy VR system is a simulator platform that consists 
of a cart, CPU, monitor, and a specially made proxy scope 
 [  44  ] . As a scope insertion point, the CAE Endoscopy VR 
uses an “interface device” with an appropriate anatomical 
reference plate. The GI Mentor has recently been adapted in 
the GI Mentor TM  Express, which includes all of the software, 
but is designed to be more elegant and portable (Fig.  24.6 ). 
As with the GI Mentor TM  Express and the original GI 
Mentor TM , insertion of the scope into the anatomical opening 
of the CAE Endoscopy VR initiates a computer program that 
allows a tactile, audio, and visual experience similar to live 
endoscopy.  

 In both models, insertion of the endoscope triggers a soft-
ware program, which brings up sequential computer-generated 
images on the monitor of either the upper gastrointestinal 
tract or the rectum and colon, as appropriate to the insertion 
point. Sensors along the scope and within the torso of the 
mannequin track the motions of the endoscope resulting in 
computer-generated feedback in the form of tissue resis-
tance, as well as insuf fl ation of the intestine secondary to 
manipulation by the operator. Haptic feedback also repro-
duces the sensation of scope looping and resistance, and 
audio feedback occurs in the form of a computer-generated 
voice that simulates patient discomfort. 

 In addition to procedural simulation, the GI Mentor 
includes “game modules” for manual dexterity training that 
allow more novice endoscopists to develop skills controlling 
the endoscope dials and using torque. The simulator also 
incorporates a series of cases of varying pathology and tech-
nical dif fi culty. Instructors may delineate speci fi c training 
programs, and trainees can receive immediate feedback dur-
ing and after completing each simulated procedure. The 
computer generates auditory and visual expressions of pain, 
including moaning and distressed facial expressions, for 
overinsuf fl ation, looping, and excessive force on the mucosal 
wall (Fig.  24.7 ). Performance is recorded, including number 
and types of errors made. The instructor can provide feed-
back to each trainee based upon a “videotape” of the simu-
lated procedure and written procedure reports generated by 
the trainee that help to determine whether abnormalities were 
correctly detected.  

 Both systems record performance metrics while a simu-
lated procedure is being performed. For the GI Mentor II, 
these consist of the following: adverse events (e.g., scope-to-
bowel trauma, bleeding, and perforation), time required for 
the procedure, percentage of mucosa visualized, whether 
retro fl exion was performed or not when appropriate (e.g., to 
visualize the cardia of the stomach or the distal rectum), the 

  Fig. 24.5    Simbionix’s GI Mentor is a virtual reality model for com-
puter-based part-task endoscopic simulation. A modi fi ed endoscope 
can be inserted through one of the mannequin’s two ori fi ces while pro-
jecting the examination onto a monitor (Image used with permission 
from Simbionix)       

  Fig. 24.6    The GI Mentor Express is a portable adapted version of the 
GI Mentor. A modi fi ed scope is inserted into ori fi ces representative of 
mouth or anus to simulate live endoscopy (Image used with permission 
of Simbionix)       
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number of inappropriate (dangerous) retro fl exions, the time 
spent with obscured visualization of the mucosa (i.e., because 
of touching the tip of the scope against the intestinal wall, 
not using water to clear the lens), and patient pain.  

   Validity of Part-Task Computer-Based 
Endoscopic Simulators 

 Several studies have determined the general validity of both 
models of gastrointestinal procedural simulators, de fi ned as 
the extent to which measures are true to what they are 
designed to measure. There are several forms of validity that 
are relevant to gastrointestinal simulators. Several studies 
have examined  face validity , de fi ned as the degree to which 
the experience they evoke for the user is comparable to real 
procedures on actual patients  [  15,   45,   46  ] . Secondly, simula-
tor  content validity  has been established in the sense that 
simulator activities adequately re fl ect subject matter encoun-
tered during live endoscopic procedures  [  1,   10,   15  ] . 

 A number of other studies have examined the  construct 
validity  of gastrointestinal simulators, de fi ned as the extent 
to which assessment by the simulator can discriminate 
between different ability or experience levels of endoscopists 
 [  10,   11,   39,   41,   47  ] . For example, Moorthy et al. divided 
physician participants into three groups according to prior 
experience (novices with none, intermediates with 10–50 
prior, and experts endoscopists with >200 prior) and found 
that the more experienced endoscopists took less time to per-
form a complete upper gastrointestinal procedure on the GI 
Mentor, visualized more mucosa, and performed less inap-
propriate and dangerous maneuvers  [  39  ] . Similarly, Felsher 
et al. demonstrated the ability of the GI Mentor to discriminate 

between colonoscopists of varying experience and found that 
staff gastroenterologists took less procedural time, visual-
ized more of the colonic mucosa, achieved a greater polypec-
tomy rate, and spent a greater proportion of time with a clear 
view of the intestinal lumen than trainees  [  10  ] . 

 Finally, several studies have sought to determine whether 
gastrointestinal simulators may offer  predictive validity , 
de fi ned as the extent to which performance on the system can 
be used to predict outcomes with other established assess-
ment methods or during real procedures. Using a cohort of 
surgical trainees, Adamsen et al. investigated the correlation 
between laparoscopic surgical skills and  fl exible endoscopic 
skills and found that experienced laparoscopic surgeons per-
formed signi fi cantly better than surgical trainees on both lap-
aroscopic and endoscopic tasks in terms of time, errors, and 
economy of movement  [  11  ] . Using a different angle, 
Enochsson et al. found that medical residents who tested 
well on a well-validated visuospatial test (PicOr) scored 
more favorably on the GI Mentor’s measures.  

   Simulation for Assessing Competency 
in Gastroenterology 

 It remains unknown whether endoscopic simulators can be used 
to assess procedural competence in trainees or to grant hospital 
privileges to quali fi ed gastroenterologists  [  48  ] . To a certain extent, 
the uncertainty around the use of simulators for assessing endo-
scopic skills lies in the fact that no “gold standard” scale of proce-
dural competency exists in gastroenterology. Strictly speaking, 
competence is the minimal level of skill and knowledge, derived 
through training and experience, required to safely and pro fi ciently 
perform a task or procedure  [  49  ] . Competence in performing gas-
trointestinal endoscopy likely requires demonstrated pro fi ciency 
in three domains: technical, cognitive (knowledge), and higher-
order integrative competencies required for safe, intelligent per-
formance in varied contexts (e.g., communication, judgment, 
clinical reasoning, and ethical integrity)  [  50  ] . Another possible 
marker of competence may be adverse events, although these 
may be too rare to track as a meaningful short-term indicators and 
may be in fl uenced by patient characteristics  [  51  ] . 

 Over the last two decades, there has been a growing appre-
ciation in the  fi eld of gastroenterology that the addition of 
structure to components of the assessment process may pro-
vide objectivity, validity, and reliability to the global concept 
of endoscopic competence  [  26  ] . In turn, several measures of 
clinical ability in performing GI procedures have been devel-
oped  [  27,   33,   52,   53  ] . A few have been validated in a system-
atic and objective manner that would allow for widespread 
adoption in clinical practice. For example, the GAGES 
(Global Assessment of Gastrointestinal Endoscopic Skills) 
has been demonstrated to provide an objective measure of 
endoscopic skills during clinical procedures  [  33,   53  ] . 

  Fig. 24.7    The GI Mentor is capable of delivering immediate feedback 
to trainees and instructors during the simulated procedure. This  fi gure 
shows the scenario in which the scope is unable to proceed due to loop 
formation (Image used with permission of Simbionix)       
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 Several studies have shown that simulators can improve 
novice skillsets  [  54  ] . In contrast, the long-term lasting bene fi t 
of using simulators to train in GI endoscopy remains uncer-
tain. Transfer of endoscopic skills gained during simulation 
training to the clinical setting has also not been fully demon-
strated. These facts appropriately leave the role of simulators 
to assess competence in credentialing processes for endos-
copy still to be determined. Currently, credentialing in gas-
troenterology is still largely based on numbers of patient 
procedures performed and independent reviews of clinical 
performance fundamental to endoscopist assessments.  

   Simulation to Reduce Risks of Gastrointestinal 
Endoscopy 

 Simulation may represent a tool for improving patient 
safety during GI procedures. While endoscopy is generally 
considered safe, patients undergoing GI procedures are by 
de fi nition placed in potentially harmful situations from 
inherent risks associated with instrumentation, as well as 
from sedatives. In many ways, the latter may represent the 
more salient risk. The risk of colonic perforation during 
scope insertion is estimated to lie between 0.3 and 1%, 
while the risk of esophageal perforation is estimated at 
0.5%  [  55  ] . The risk of cardiopulmonary complications 
associated with sedation has been recently estimated to be 
as high as 1.1% during colonoscopy  [  56  ] . It has been esti-
mated that >40% of all endoscopic complications are 
caused by sedatives  [  57  ] . Nevertheless, most patients under-
going gastrointestinal procedures  expect  to receive seda-
tion, which is generally administered by endoscopists 
working in concert with specialized endoscopy nurses, but 
can involve anesthesiologists  [  17  ] . 

 Sedation for GI endoscopy is de fi ned as a drug-induced 
depression in patient consciousness that can range in levels 
from minimal anxiolysis to general anesthesia. The primary 
goals of sedation for gastrointestinal endoscopy are to ensure 
patient safety, comfort, and cooperation throughout proce-
dures. Secondary goals of providing sedation for gastrointes-
tinal endoscopy may include patient amnesia, immobility, 
and willingness to undergo repeat procedures. 

 Irrespective of who administers it, the ideal procedural 
sedation regimen for endoscopy should act predictably and 
rapidly and induce a level and duration of sedation appropri-
ate to the procedure being performed  [  58  ] . A main barrier to 
risk reduction during endoscopy is that no ideal regimen 
exists. Instead, best practices for sedation during gastroen-
terology remain controversial  [  24  ] . General consensus dic-
tates that it is cost prohibitive and inappropriate to perform 
diagnostic endoscopy in healthy patients with anesthesiolo-
gist assistance  [  59,   60  ] . In addition, levels of sedation 

achieved by anesthesiologists may be deeper than what is 
required for many procedures  [  61–  63  ] . 

 In upper endoscopy, a major goal of sedation may be to 
avoid gagging and increase patient cooperation; in colonos-
copy, the goal of sedation is to avoid visceral pain associated 
with looping. Patient anxiety levels may also be different for 
different procedures. Generally speaking, endoscopy seems 
to be better tolerated by older than by younger individuals, by 
men than women, and by patients who have had a prior endos-
copy  [  23  ] . The ability to tolerate procedures without sedation 
may be enhanced by older age and decreased pharyngeal sen-
sitivity  [  64  ] , while a history of poor tolerance of prior exami-
nations may be predictive of patients who require deep 
sedation  [  65  ] . 

 Recent Centers for Medicare & Medicaid Services (CMS) 
Guidelines published in 2010 have restricted the administra-
tion of deep sedation, in particular using propofol, without 
the presence of clinician trained in anesthesiology  [  66  ] . 
A major factor in this recent policy decision was the fact that 
non-anesthesiologists, such as gastroenterologists, have not 
been speci fi cally trained in comprehensive skills required to 
care for patients with the potential to experience the entire 
continuum of sedation. Simulation may present an excellent 
tool for training gastroenterologists in all of the skills required 
for procedural sedation, as well as a means for assessing 
competencies in speci fi c tasks such as airway management 
or cardiopulmonary resuscitation.  

   Simulation for Training in Technical 
and Nontechnical Endoscopy Skills 

 To a large extent, the successful development of simulation-
based training to impact patient safety rests on the under-
standing that both technical and teamwork skills are critical 
components of endoscopy (see Table  24.1 )  [  25  ] . Technical 

   Table 24.1    Technical and teamwork skills for GI endoscopy   

 Technical skills  Teamwork skills 

 Ef fi ciently reaches anatomic 
landmarks 

 Knows the environment 

 Performs unassisted insertion  Anticipates and plans 
 Identi fi es landmarks  Assumes leadership role 
 Intubates esophagus/rectum  Communicates effectively 
 Adequately visualizes mucosa  Distributes workload optimally 
 Administers appropriate sedation  Allocates attention wisely 
 Appropriately interprets 
electronic monitors for 
patient monitoring 

 Utilizes all available information 

 Assess patient ventilation  Utilizes all available resources 
 Calls for help early enough 
 Maintains professional behavior 



37324 Simulation in Gastroenterology

skills are de fi ned as those tasks necessary to perform a pro-
cedure (e.g., for the MD use the endoscope, perform polypec-
tomy, bag-mask ventilate an apneic patient, insert an 
endotracheal tube). Teamwork skills encompass all behav-
iors essential to effective individual and team performance, 
including the establishment of role clarity (e.g., leadership), 
communication skills (e.g., read back feedback of instructions), 
and decision-making skills (e.g., avoiding  fi xation errors). 
Research suggests that the great majority of all adverse 
events are related to teamwork skills  [  56  ] .  

 The use of simulation as a strategy to educate gastroenter-
ologists on tasks that are central to patients undergoing risk-
inherent procedures is intuitively preferable to ensuring 
patient safety than traditional methods of teaching at the time 
of doing, especially if events where such skills are required 
are extremely infrequent. Through simulation, clinical teams 
are given the chance to learn and practice skills that may be 
vital, but are infrequently required. Training in crisis resource 
management (CRM), with its emphasis on principles of 
teamwork and critical event management, may also be useful 
in endoscopy  [  25  ] . This use of simulation-based training 
may be especially important for gastrointestinal procedures, 
which have low-frequency, high-stakes events. 

 There have been a few studies that have focused on the 
use of high- fi delity simulation for improving patient out-
comes during GI procedures. One published in Germany 
combined a full-mannequin simulator with an animal-based 
simulator for the performance of endoscopy and evaluated 
endoscopic performance during critical events  [  21  ] . In an 
English abstract, the investigators describe the development 
of two different scenarios for trained endoscopists to use in 
developing CRM skills: gastrointestinal bleeding with 
signi fi cant blood loss and a medical error involving sedation 
overdose. “Patient vital signs,” endoscopic skills, as well as 
personal interactions were recorded and graded for 100 par-
ticipants with more than 12 months of endoscopic experi-
ence. After debrie fi ng on an initial scenario, participants 
showed improvement in scores on the second one. 

 Another study by Sedlack et al. determined that random-
izing trainees to simulator-based training (SBT) in  non -
 sedated   fl exible sigmoidoscopy improved patient comfort 
 [  4  ] . Trainees self-rated their own performances in actual 
patients and were graded by supervising staff. In addition, 
patients who were not sedated during the procedure and 
could recall everything completed questionnaires grading 
the discomfort they experienced. Trainees rated themselves 
considerably more highly than supervising staff, who did not 
discern a difference in skill level between trainees who 
received SBT and those who received traditional patient-
based training. On the other hand, patients did rate trainees 
with SBT signi fi cantly better in terms of comfort, suggesting 
that non-sedated patient comfort may be increased by prac-
tice on simulators.  

   Perceptions of Simulation by Endoscopy 
Clinicians at All Levels 

 Generally speaking, physicians and GI clinicians  fi nd simu-
lation to be enjoyable, valuable, and realistic to their prac-
tice. In one study, nursing and technical staff involved in 
full-scale simulations (as described above) were prospec-
tively invited to complete three short surveys regarding their 
perceptions of simulation-based training prior to engaging in 
simulation, immediately following participation in a session, 
and 1 month later  [  25  ] . Of survey responders, 42% had 5 or 
more years’ experience in GI endoscopy; 83% had no previ-
ous experience with simulation-based training. Prior to par-
ticipation in simulation, nurses with more than 5 years’ 
experience in GI endoscopy rated their perceived enjoyment 
of simulation signi fi cantly lower than less experienced peers. 
However, when surveyed immediately after participation, 
nurses of both experience levels reported simulation to be 
highly useful, enjoyable, applicable, and realistic, with no 
signi fi cant differences between groups. 

 Comments elicited from clinicians after scenarios con-
cluded included reports that simulation was “very interesting 
and useful,” “very informative,” and helped to “bring up 
[one’s] awareness and skills.” Speci fi cally, CRM principles of 
teamwork and avoiding  fi xation were highlighted, with one 
technician noting that “from observing the simulation, [they] 
came to realize that instead of focusing on the biopsy [they] 
should focus on everything going on around [them] and [their] 
team.” Debrie fi ng was also noted to be a critical portion of 
simulation, with one participant noting that “debrie fi ng was 
more bene fi cial than the actual simulation exercise.” 

 Of course, simulation is also recognized to evoke stress in 
participants, no matter how nonthreatening the environment 
created or the scenarios encountered. In their study of clini-
cians practicing regularly in a GI endoscopy unit, Bong et al. 
found that physicians who underwent simulation-based train-
ing involving several scripted case scenarios experienced a 
signi fi cantly higher stress response—as evidenced by 
increases in both physiologic and biochemical markers—
when compared to those who engaged in tutorial-based dis-
cussion and management of the same cases  [  67  ] . This 
response was similar in all team members who participated 
in simulation-based training, although when analyzed by 
clinical role, endoscopy technicians were found to experi-
ence a relatively smaller increase in salivary cortisol (1.1-
fold vs. 2-fold) as compared to physicians and RNs. 
Additional  fi ndings included that measures of physiologic 
stress among caregivers were elevated from baseline even 
prior to engaging in (in anticipation of) simulation and also 
remained above baseline during debrie fi ng. 

 Fortunately, all studies to date have suggested that gastro-
enterology physician trainees are enthusiastic about a simu-
lation-based approach to their education and appreciate the 
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value of simulation in their training. In one study of GI fel-
lows in a large training center, computer-based endoscopic 
simulators (CBES) were reported by trainees to be valuable 
tools for increasing their skills and con fi dence  [  68  ] . This 
study found a direct relationship between time spent on the 
simulator and improved sense of skill and con fi dence. On the 
other hand, there were also “real-world” dif fi culties encoun-
tered. Indeed, despite best intentions of both training direc-
tors and fellows themselves, participants had dif fi culty 
incorporating simulator time into their daily activities. This 
issue may have important implications for programmatic 
development and integration of simulation into current gas-
troenterology training programs. In contrast with studies 
which have found that non-GI students and physicians were 
willing to spend time outside of their regular work hours to 
train on a simulator  [  69  ] , GI fellows may require scheduled 
times for simulation training, if such educational tools are to 
be optimally employed. 

 In terms of the time that is to be spent on the simulator, 
fellows may particularly bene fi t from a mixture of attending 
guidance with solo practice time  [  68  ] . Attending presence 
during simulation instruction may not only enhance the value 
of a simulation curriculum but also allow new approaches to 
assessing procedural skills. Ultimately, it is likely that an 
understanding of how fellow skills on the simulator relate to 
procedural skills in actual patients will inform an active dis-
cussion of how simulation plays into endoscopy training.  

   Art of Simulating Gastrointestinal Endoscopy 

 Given the overall complexity of GI endoscopy as a procedure 
often performed with endoscopist-administered procedural 
sedation, high- fi delity simulation should be fully contextual-
ized to include clinician interactions with the patient at the 
level of emotional, physiologic, and technical. To achieve 
this, our group and others have developed multimodal hybrid 
simulations that integrate both a part-task computer-based 
endoscopy simulator (i.e., GI Mentor, Simbionix USA) or a 
porcine endoscopy model with various realistic whole-body 
patient simulators (i.e., SimMan, Laerdal)  [  21,   67  ]  (Fig.  24.8 ). 
In addition, professional actors are included to emphasize 
the “patient-doctor-parent triad” and thus round out the full-
scale simulated environment. Finally, simulation courses are 
delivered to the point of care via mobile carts (aka in situ) 
directly to the endoscopy units, facilitating full “native” mul-
tidisciplinary team involvement as well as opportunities to 
study and promote rapid cycle improvements of the work 
environment itself (e.g., identify latent safety threats)  [  70  ] .  

 In our experience, clinical scenarios are best designed 
around actual patient events, both common and rare (high 
risk). This allows a multidisciplinary team to learn from 
important cases that risk morbidity and mortality via a means 

that mitigates issues around time and chance. Clinical teach-
ing objectives in our curriculum around procedural compli-
cations include unanticipated signi fi cant bleeding and 
perforation, while those around sedation include overseda-
tion, apnea, agitation, and laryngospasm. We believe that 
simulation-based team training should balance clinical (air-
way management, bag-mask ventilation) and behavioral 
(CRM, role clarity, communication, and decision-making) 
objectives.  

   Sample Course Overview 

 All clinicians participating in simulation should be oriented 
to the procedural part-task and/or the full-mannequin simu-
lator to assure their comfort during the scenarios. All simu-
lated endoscopies should subsequently be staffed in a way 
that is typical in the unit undergoing training. Physicians and 
nurses not directly participating in the case can be assigned 
to be on hand to be called into the case by scenario partici-
pants if scenarios progress into emergency. Prior to each ses-
sion, an expert simulation facilitator should review the 
principles of crisis resource management with all partici-
pants, guiding all participants to suspend disbelief and pre-
serve a nonjudgmental, collegial atmosphere during training. 
Participants should be given time to review simulated patient 
medical records, complete routine sedation template orders, 
and  fi ll out relevant paperwork prior to starting the case. 

 Structured debrie fi ngs should immediately follow each clini-
cal scenario and ideally are guided by a trained facilitator using 
video-assisted playback. Debrie fi ng sessions should include the 
entire team of participants and emphasize the principles of crisis 
resource management: role clarity,  communication, teamwork, 
global assessment, and appropriate use of resources. 

  Fig. 24.8    Integrating part-task computer-based endoscopy simulators 
with whole-body patient simulators can provide a more realistic proce-
dural training experience       
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 In our experience, we have found it quite effective for sce-
narios around GI endoscopy to begin with an awake patient 
using a live actor  [  25,   67  ] . Each simulation session ideally 
centers on a single scenario that is designed from clear learn-
ing goal objectives (based on formal prior needs assessment 
of participant pool) and metrics. It is often helpful if the start 
of the simulation requires the endoscopist to obtain informed 
consent and answer patient questions. This helps the team to 
“relax” into the scenario. Subsequent to obtaining consent, a 
timeout can be conducted and the endoscopist can lead the 
clinical team in initiating sedation. Some examples of 
scripted sedation scenarios for simulating endoscopy are 
listed below. 

   Example 1 

 In an  unanticipated GI bleeding scenario , a 65-year-old man 
will undergo screening colonoscopy and a polyp will be 
encountered. During the polypectomy, blood will start to 
ooze at a brisk pace. The endoscopist will need to call for 
hemostatic equipment and to focus on hemostasis. The team 
will need to work together to assign roles, including event 
manager, appropriately.  

   Example 2 

 In an  excessive sedation and apnea scenario , a 45-year-
old woman will be quite anxious about undergoing 
colonoscopy until a combination of benzodiazepines and 
fentanyl are administered. The endoscopist will start the 
case and get past the hepatic  fl exure, and then the patient 
will become apneic. The team will need to recognize the 
apnea (e.g., by RN assessment and/or other monitoring 
options), stop the procedure, and act appropriately to treat 
the apnea.   

   Conclusion 

 Simulation of endoscopic procedures has become a routine 
means of enhancing training in the  fi eld of gastroenterology. 
A number of technological advances have improved the 
validity of animal, mechanical, and computerized models; in 
turn, simulation is gaining acceptance as a preferable means 
to teach gastroenterologists the skills required to perform 
diagnostic and therapeutic procedures. Although most 
emphasis to date has been on part-task simulators which are 
used to promote technical skills, high- fi delity full-scale sim-
ulation of gastrointestinal endoscopy may provide an impor-
tant tool for teaching teamwork and other nontechnical skills 
critical to ensuring patient safety and comfort.      
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   Introduction 

 Surgical education has been traditionally based on the 
Halstedian methodology of see one, do one, teach one  [  1  ] . 
This model relies on volume as well as access to real-life 
patients in order to work. The  fi eld of urology involves a very 
broad array of surgical procedures, and teaching/learning this 
breadth of surgical disciplines is a challenge, especially with 
the Halstedian model. Contemporary urologists are expected 
to learn an array of surgical techniques and procedures includ-
ing open abdominal surgery, complex endoscopic surgery, 
percutaneous surgery, and laparoscopic surgery and the prin-
ciples of implant surgery. The shift of a signi fi cant number of 
urology procedures to “minimally invasive” techniques poses 
a challenge to surgeon and educator alike. The loss of tactile 
feedback and the often counterintuitive movements encoun-
tered in these procedures place a strain on training  [  2  ] . 
Residency work hour restrictions and the public focus on 
improved patient safety  [  3  ]  result in the learning needs of 
trainees taking a backseat to the legal and ethical imperatives 

of patient safety  [  3  ] . These training limitations provide a 
framework for the necessity of simulation training in urology. 

 The depth and breadth of urology practice combined with 
the introduction of new technologies have given rise to con-
cerns regarding certi fi cation and recerti fi cation. Task train-
ing for technical skills may help improve manual dexterity, 
but training for situational awareness, decision making, com-
munication, and teamwork is also vital  [  4  ] . The nontechnical 
skills of urology are seldom assessed or clari fi ed  [  4  ] . The 
current certi fi cation/recerti fi cation process relying on writ-
ten and oral exams needs revising in light of the advances 
and complexities of modern urology practice. The develop-
ment of valid urology simulators will eventually play a role 
in the certi fi cation/recerti fi cation of urologists. The develop-
ment of these same simulators will also no doubt provide a 
breakthrough for continuing medical education (CME). 

 Simulation will never be able to replace clinical experience 
and hands-on training; however, currently available urology 
simulation may help decrease the initial stages of the learning 
curve in a forgiving environment without compromising 
patient safety  [  5  ] . This level of simulation is adequate for 
beginning and even intermediate trainees but is not supported 
for the more advanced surgeon/urologist. The effectiveness of 
this training together with the transfer of skills gained on a 
simulator to the real environment also remains unproven  [  3  ] . 
Still, the role of simulation in surgical disciplines is growing, 
and rightfully so. Urology is no different and is perhaps better 
suited than most  fi elds to have simulation take an important 
educational role by nature of the competencies required.  

   Simulation of Basic Urologic Procedures 
and Exams 

 Medical students have come to expect that they are no longer 
required to perform common bedside procedures such as ure-
thral catheter placement because many of the procedures are 
performed by ancillary hospital personnel  [  6  ] . In fact, only 
9–13% of fourth year acting interns will place a  urethral cath-
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eter during their rotations, but 82% feel competent performing 
the procedure without supervision  [  6  ] . The Medical School 
Objectives Project (MSOP) was designed to develop a stan-
dard curriculum of core procedures to be completed by gradu-
ating medical students  [  7  ] . Foley catheterization was one of 
the routine medical procedures to have competency estab-
lished by graduating medical students. First year residents 
who completed a dedicated procedure course in medical 
school were more likely to report competency and adequacy 
in performing such procedures such as urethral catheterization 
 [  7  ] . It has been shown that didactic procedural skill sessions 
for urethral catheter placement utilizing task trainers (Fig.  25.1 ) 
increase medical student participation in the hospital and lead 
to demonstrable competence when performing the task  [  8  ] .  

 Medical students perceive genital and rectal examinations 
as threatening  [  9  ] . Standardized patients have been used to 
teach rectal examinations for decades, although the use of 
mannequins has been proposed  [  10,   11  ] . Randomized con-
trolled trials have demonstrated that medical students who 
trained using mannequin-based simulation had better bed-
side con fi dence and rapport for female pelvic exams as well 
as some bene fi t in male digital rectal exams  [  10,   11  ] . Siebeck 
et al.  [  11  ]  evaluated the effect of low- fi delity simulation 
(mannequins) versus high- fi delity simulation (standardized 
patients) on student inhibition and acquisition of knowledge 
for male digital rectal examination. Both types of simulation 
were found to facilitate the acquisition of knowledge, but the 
standardized patients reduced inhibition more than low-
 fi delity simulation. The study focused on the social skills 
required to perform rectal examination. The authors did note 
that the low- fi delity simulator may aid in acquiring skills to 
detect pathology on rectal examination. 

 One problem with learning the digital rectal examination 
(DRE) is that the procedure being performed is hidden from 
instructor view. Low-Beer et al.  [  12  ]  attempted to overcome 

this problem by cutting away the proximal portion of rectum 
from a standard benchtop male DRE simulator. They then 
recorded the learners’ technique. This allowed the authors to 
deconstruct the procedure into 49 procedural steps and aided in 
teaching the steps that may be omitted during standard teaching 
of digital rectal examination. In general, there is a small but use-
ful place for these sorts of simulations in medical education.  

   Transurethral Resection of Prostate (TURP) 
and Bladder Tumor (TURBT) Simulation 

 Transurethral resection techniques are commonly used in 
urology. With these techniques, one is able to resect prostate 
(TURP) or bladder tumor (TURBT) tissue, using a transure-
thral approach and an electrocoagulatory knife. 

   TURP 

 The goal of performing a TURP is to resect benign prostatic 
hyperplastic tissue, aiming to reduce the bulk of the prostatic 
tissue causing the bladder outlet obstruction and lower urinary 
tract symptoms. Several new, minimally invasive prostate 
resection techniques have been developed in the past years, 
including holmium laser enucleation of the prostate, photose-
lective vaporization, transurethral needle ablation, and tran-
surethral microwave therapy. Although these new techniques 
have demonstrated safety and short-term ef fi cacy, data on long-
term ef fi cacy are currently lacking, and the conventional tran-
surethral resection of the prostate remains the gold standard 
 [  13  ] . Common complications are: bleeding, undermining the 
bladder neck, inadvertent peritoneal puncture during suprapu-
bic catheter insertion, and capsular perforation with entry into 
the periprostatic venous plexus causing TURP syndrome  [  14  ] . 

 A number of TURP simulators have been described in the 
literature  [  15–  17  ] . Some of these were early prototypes of cur-
rent simulators or were simulators which, to our knowledge, 
were not further developed and are not available on today’s 
market  [  18–  20  ] . In Table  25.1 , a list of simulators is shown. The 
AMS/CREST simulator does not actually replicate TURP, but 
contains a photoselective vaporization of the prostate (PVP) 
module, where endoscopic instrument tracking, haptic render-
ing, and a web/database curriculum management modules are 
integrated into the system  [  21  ] . The development is based on 
the same prototype as the University of Washington TURP 
trainer. The Uro Trainer includes a TURBT module as well.  

 Validation studies have been performed to investigate the 
educational value of the available simulators. Most valida-
tion studies used the de fi nitions of face, content, construct, 
and criterion validity similar to those described by McDougall 
 [  22  ] . Table  25.1  summarizes TURP simulators and validity 
described in literature. 

  Fig. 25.1    Foley catheter task trainer. This penile task trainer aids in 
simulating proper urethral catheter insertion       
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 Of the available TURP simulators, the METI/CAE 
Healthcare SurgicalSIM (alias: the University of Washington 
TURP trainer) has been most frequently described and most 
comprehensively investigated  [  23–  29  ] . The simulator has been 
developed and improved over several years, and several proto-
types of the simulator have been validated in the stages of 
development. Validation studies have been performed by the 
developers  [  23–  27,   29  ]  as well as by an external research group 
 [  28  ] . Studies included between 19 and 136 participants. 
However, this simulator is not available on the commercial 
market anymore. 

 The Uro Trainer (Storz, Germany) has been investigated 
for face and content validity by two study groups, which 
included 19 and 97 participants, respectively  [  30,   31  ] . Both 
groups concluded that face and content validity of this simu-
lator could not yet be established, and further modi fi cation of 
the Uro Trainer was recommended before initiating further 
experimental validity studies. The virtual reality VirtaMed 
simulator has recently been developed and face, content, and 
construct validation studies are currently underway. 

 The PelvicVision trainer has been developed and evalu-
ated by one Swedish study group; their face, content, con-
struct, and criterion studies included 9–24 participants 
 [  32–  35  ] . Based on these results, the authors conclude that 
criterion-based training of the TURP procedure on the 
PelvicVision trainer signi fi cantly improves operative perfor-
mance and raises the level of skill dexterity of inexperienced 
urology residents compared to no training at all  [  32  ] . 

 The Tupper TM  simulator consists of 7 cm of a 30 ft garden 
hose, a suprapubic tube, a Tupperware TM  box, three catheter 
plugs, and silicone gel  [  36  ] . Costs are below $40 US. 
Different transurethral procedures, such as mono- and bipo-
lar resection, as well as laser vaporization, can be carried out 
on the model  [  36  ] . 

 Dr K. Forke’s resection trainer (LS 10-2/S) is a mobile 
device, consisting of a penis simulator, featuring a urethra, a 
speci fi cally constructed device for the insertion of a different 
training prostate, a bladder chamber, and simulated suprapu-
bic access, as well as optional intermittent or continuous-
 fl ow irrigation  [  37  ] . Two different training prostates are 
offered: one with and one without anatomical structures. In 
their construct validity study, the resection results of the one 
non-experienced resident showed a distinct learning curve 

during supervised training on the model. Also, the trained 
residents showed a more constant progress rate in the post-
training phase compared to the results of three non-trained 
experienced residents. In the past, the company Limbs & 
Things produced a TURP and TURBT model for resection 
skill training. This device however was most commonly used 
by industry to demonstrate endoscopic equipment, and not 
for residency training. No validation studies were ever pub-
lished on the model, which is currently off the market.  

   TURBT 

 Bladder tumors are very common tumors of the genitourinary 
system; therefore, transurethral resection of such tumors is 
often performed  [  14  ] . The goal is to remove the tumors, as 
well as to determine depth of invasion. Common complica-
tions are bleeding and perforation. Although several endouro-
logic training models, such as animal models, virtual reality 
models, and synthetic models, have been developed for tran-
surethral resection of the prostate and for urethrocystoscopy, 
only a few models or modules exist for the TURBT procedure. 
The Uro Trainer described in the TURP section also contains 
a TURBT module. In the past, the company Limbs & Things 
has also developed a TURBT module using synthetic materi-
als, which is, however, no longer on the market. Furthermore, 
three low-cost, low- fi delity models have been described in the 
literature, but they were not validated (Table  25.2 ).  

 Validity studies have only been performed for the Uro 
Trainer (Storz, Germany). Study participants varied from 12 
to 150 medical students, residents, or urologists. Conclusions 
of face and content validity investigations of this simulator 
differed between the two research groups. Reich et al. found 
an overall positive opinion of urologists towards the simula-
tor with scores of 5.0–8.0 on a scale of 0–10 (0, insuf fi cient/
very unrealistic; 10, very good/extremely realistic)  [  38  ] , 
whereas Schout et al. concluded that, measured against face 
and content criteria of other studies, only 3, 5, and 8% of the 
parameters could be interpreted as positive, moderately 
acceptable, and good, respectively  [  31  ] . Construct validity 
investigations showed improvement of medical students’ 
results, but no improvement of residents’ performances on 
the simulator  [  38  ] . 

   Table 25.1    Simulators for transurethral resection of prostate (TURP) and investigated validity   

 Simulator  Alias  Face validity  Content validity  Construct validity  Criterion validity 

 METI/CAE SurgicalSIM  University of Washington TURP trainer  Y  Y  Y  Y 
 VirtaMed  TURPSim Simbionix trainer  N  N  N  N 
 CREST  AMS/PVP  Y  N  N  N 
 Uro Trainer  Storz trainer  Y  Y  N  N 
 PelvicVision  Melerit Medical trainer  Y  Y  Y  Y 
 Tupper TM   Homemade TUR trainer  N  N  N  N 
 Dr. Forke’s resection trainer  Samed GmbH  N  N  Y  N 
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 The  fi nancial costs of the virtual reality simulators are not 
clearly stated in the literature. In general, virtual reality sim-
ulators account for some tens of thousands of US dollars, 
whereas the box pig bladder model costs $160 US  [  39  ] , the 
Tupper TM  costs below $40 US, and the glass globe costs 
around $10 US  [  40  ] .   

   Ureteroscopy Simulation 

 Adequate performance of basic endourological skills is of 
crucial importance in urological practice. Ureterorendoscopy 
(URS) is a widely used procedure that has diagnostic and 
therapeutic purposes in ureteric stone management and other 
abnormalities of the urinary tract  [  41  ] . For URS training out-
side the operating room, several models have been developed 
in past years ranging from low- to high- fi delity models. 
Simulators of animate and inanimate materials are available 
for various prices. Practicing on live animals or animate mod-
els has limitations, since it requires strict hygiene and can 
only be done in specialized laboratories. In general, animate 
models can be reused less frequently than inanimate ones, 
leading to increased  fi nancial costs. Moreover, ethical consid-
erations increasingly restrict the use of animal models. 

 In 2008, Schout et al. published a review of the literature 
concerning existing training models in endourology  [  39  ] . 
More recent updates on training in ureteroscopy are described 
by Skolarikos and Olweny et al.  [  42,   43  ] . The most frequently 
described models are listed in Table  25.3 .  

   Virtual Reality Simulators 

 In the last decade, computerized models, including virtual 
reality (VR) simulators, have been further developed and 
used for training surgical skills. A URS model which has 
often been described is the URO Mentor (Simbionix, Israel), 
a computer-based virtual reality (VR) model offering semi-
rigid and  fl exible URS modules as well as rigid and  fl exible 
urethrocystoscopy (UCS) modules. In addition, a percutane-
ous access simulator can be added to the URO Mentor 
platform. 

 A personal computer is linked to a male mannequin with 
lifelike endoscopes. Computer-based graphics provide real-
istic images of the male genitourinary system. Various learn-
ing modules are included, which contain virtual patients with 

background, laboratory, and radiographic information. 
Trainees can choose appropriate instruments and record their 
performance for later evaluation. Several performance 
parameters like time, minutes of X-ray exposure, occurrence 
of perforations, and percentage of laser mis fi res are mea-
sured to evaluate a trainees performance. 

 The URO Mentor has proven effective as a tool for learn-
ing endoscopic skills. Parameters of performance on this VR 
simulator can distinguish inexperienced urologists from 
experienced ones. Furthermore, training on the URO Mentor 
has shown to improve real-time performance of URS and 
UCS procedures on patients and cadavers, although the num-
ber of studies and participants are limited  [  44–  55  ] .  

   Bench Models 

   Low-Fidelity Bench Models 
 Matsumoto et al. described a low- fi delity ureteroscopy model 
which consisted of a Penrose drain, an inverted cup, molded 
latex in a portable plastic case and two straws approximately 
of 8 mm. in diameter as substitutes for urethra, bladder dome, 
bladder base and bilateral ureters, respectively. Openings 
were cut midway up straws to facilitate placement of mid 
ureteral stones. It costs CAD$20 to manufacture  [  50  ] .  

   High-Fidelity Bench Models 
 The Uro-Scopic Trainer (Limbs & Things, United Kingdom) 
is a high- fi delity bench model that offers training with real-
time instruments  [  51,   53,   56,   57  ] . There was no difference in 
the performance of a basic ureteroscopic stone management 
procedure between trainees who trained on the URS training 
model from Limbs & Things and the URO Mentor VR simu-
lator  [  53  ] . On the other hand, in the study described by 
Matsumoto et al., there was no difference in performance 
between trainees who trained on the low- fi delity bench model 
and the trainees who trained on the high- fi delity Uro-Scopic 
Trainer, measured in a laboratory environment using a check-
list, global ratings score, pass rating, and time needed to per-
form the procedure  [  57  ] . 

 Another bench model for URS is the Scope Trainer, which 
is developed by Mediskills Limited (United Kingdom). This 
model has an expandable bladder with vessels and contains a 
few bladder tumors. It has life-size ureters, and two anatomi-
cally accurate kidneys with renal pelvises and calyces. 
Through a tap from the bladder, irrigation  fl uid can be 

   Table 25.2    Simulators for transurethral resection of bladder tumor (TURBT) and investigated validity   

 Simulator  Alias  Face validity  Content validity  Construct validity  Criterion validity 

 Uro Trainer  Storz trainer  Y  Y  Y  N 
 Glass globe  N  N  N  N 
 Pig bladder model  N  N  N  N 
 Tupper TM   Homemade TUR trainer  N  N  N  N 
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infused, and the bladder can be emptied  [  44,   58  ] . In a study 
by Brehmer et al., the performance of 26 urology residents 
was assessed on the bench model before and after training on 
this model. The participants were assessed by an experienced 
endourologist who used a task-speci fi c checklist and global 
score. The study was performed in an operating room using 
the same instruments as in real life, and the model was cov-
ered with drapes to make the experience more realistic. The 
participants performed signi fi cantly better on the model after 
training, and the authors concluded that training on this 
bench model in a realistic setting enhanced the manual dex-
terity as well as familiarity with the method among urology 
residents  [  59  ] . 

 More recently, in 2010, White et al. reported on the Adult 
Ureteroscopy Trainer (Ideal Anatomic Modeling, USA)  [  60  ] . 
This high- fi delity model has not been fully validated; how-
ever, results suggest face, content, and construct validity 
after the evaluation of 46 participants. The model claims to 
have anatomical accuracy, durability, and portability. In addi-
tion to inanimate bench simulators, porcine models have also 
been used for training ureteroscopic skills  [  61,   62  ] . In 2009, 
Liske et al. describe a bench model using a porcine urinary 
tract on which 150 urologists have trained; however, reports 
on validation studies are not available  [  63  ] . 

 Costs of high- fi delity models range from $3,000 to 
$60,000 US  [  60  ] . Costs of the adult ureteroscopy trainer are 
$485 US. However, the costs and maintenance of the uretero-
scope, basket retrieval devices, and phantom stones remain 
unclear. Most models require the presence of an instructor, 
since there is no virtual instructor, as in the URO Mentor. 
This could add to the overall cost of the simulation training. 

 Since all types of simulators have been shown to improve 
trainees’ performance, it can be assumed that animate, inanimate, 
and virtual reality simulators, separately or in combination, 
can all be suitable for training purposes. Since high- fi delity 
models are not necessarily superior to low- fi delity models in 
all situations, the usefulness of a model may be better de fi ned 
using the concept of functional  fi delity, indicating the extent 
to which the skills required for the real task are performed 
during the simulated tasks  [  64  ] . 

 Studies concerning the effect of simulator training on 
patient outcome are limited for the URS procedure. 
Furthermore, not all simulators have been validated. The 

choice for a particular model will partly depend on the 
instructors and resources, which are available in a hospital or 
training institution. Whether a low- or high-cost simulator is 
purchased, it is of paramount importance to provide optimal 
learning conditions for the trainee. A  fi rst step for structured 
implementation of simulator training for URS is to de fi ne 
which learning goals should be achieved and to create oppor-
tunities for trainees to practice skills on a regular basis. More 
research is needed to determine the optimal interval training 
scheme for simulator training for URS to achieve sustained 
learning. Conditions to optimize learning include feedback 
to the learner, repetitive practice, integration in the curricu-
lum, different levels of dif fi culty, the use of multiple learning 
strategies, variety of clinical conditions, a controlled envi-
ronment, individualized learning, the presence of clearly 
stated goals, and the use of validated simulators  [  2  ] .    

   Transrectal Ultrasound Simulation 

 Ultrasound is an important diagnostic imaging modality in 
many areas of clinical medicine. In transrectal ultrasound 
(TRUS), the prostate can be visualized by introducing the 
ultrasound probe into the rectum. This technique is widely 
used for diagnosing benign prostate hyperplasia, perform-
ing volumetry, and enabling transrectal prostate biopsies to 
diagnose prostate cancer  [  65–  68  ] . A standardized procedure 
for taking prostate biopsies is needed since the presence of 
prostate cancer may not always be visible in ultrasound 
images. There is no standard for the number of prostate 
biopsies required to diagnose prostate cancer accurately. 
However, most authors recommend an extended biopsy 
scheme of >10 biopsies  [  65,   68,   69  ] . The procedure for 
TRUS-guided prostatic biopsies is not without complica-
tions. The most frequently reported complications are hema-
turia, hematochezia, hematospermia, fever, sepsis, urinary 
retention, and prostatitis  [  70,   71  ] . 

 The performance of TRUS requires several skills. Two-
dimensional images have to be mentally related to a 3D envi-
ronment, and there has to be adequate hand-eye coordination 
of the clinician performing the procedure. Visual input and 
haptic feedback must be combined with knowledge of anat-
omy and prostate pathology, to reach satisfying diagnostic 

   Table 25.3    Most frequently described Ureterorendoscopy (URS) training models   

 Simulator  Manufacturer  Material  Fidelity 
 Content 
validity 

 Construct 
validity 

 Criterion 
validity 

 Virtual 
instructor 

 URO Mentor  Simbionix  Computerized  High  Y  Y  Y  Y 
 Adult Ureteroscopy Trainer  Ideal Anatomic Modeling  Inanimate  High  Y  Y  N  N 
 Uro-Scopic Trainer  Limbs & Things  Inanimate  High  Y  Y  N  N 
 Scope Trainer  Mediskills  Inanimate  High  Y  Y  N  N 
 Bench model  Liske et al.  Animal  High  Y  N  N  N 
 Bench model  Matsumoto et al.  Inanimate  Low  Y  Y  N  N 
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and biopsy results. Education and training are, therefore, key 
elements for successful application of ultrasound technology 
in patient care. Furthermore, TRUS and, especially, taking 
biopsies are uncomfortable for patients, and prolonging 
procedure time for educational purposes is not desirable. 
A training method with the use of simulators could help 
overcome these drawbacks of clinical training and improve 
ef fi ciency and safety of the operator. 

 Little research has been done on TRUS simulators, and 
the simulators that have been described in literature are of 
limited validity, using the de fi nitions of face, content, con-
struct, and criterion validity described by McDougall  [  22  ] . 
Table  25.4  summarizes TRUS simulators described in the 
literature  [  72–  76  ] .  

 A 1990 paper describes a TRUS simulator in which the 
prostate was simulated by a Foley catheter balloon. This 
simple and inexpensive model can be used to learn the prin-
ciples of ultrasound and to learn how to make a 3D mental 
composition from a 2D ultrasound image of the prostate, 
since it does not include real prostate images  [  74  ] . More 
recent simulators focus on the aspects of the prostate tissue 
itself. By using real patient data, it is possible for trainees to 
learn about normal and pathological aspects of the prostate, 
as well as practicing to adequately visualize all parts of the 
prostate  [  73,   75,   76  ] . In 2009, Sclaverano et al. described the 
 fi rst version of a simulator for ultrasound-guided prostate 
biopsy. The same simulator was described in 2011 and has 
been further developed. In addition to several technical 
improvements, the theoretical application in which exercises, 
knowledge, and feedback are included is of importance 
 [  72,   76  ] . Studies on construct and criterion validity of this 
simulator have not yet been described. In fact, none of the 
simulators described are criterion validated. Chalasani et al. 
describe a TRUS simulator in which construct validity is 
studied; however, a theoretical module was not described 
 [  75  ] . Other currently available ultrasound simulators used 
for medical training offer no option for TRUS, though devel-
opments are ongoing  [  77–  82  ] . 

 The  fi nancial costs of the TRUS simulators are not clearly 
stated in the literature and depend on several aspects. The 
simulator described by Persoon et al. is estimated to be 
$64,000 US, and optional devices are not included (Fig.  25.2 ). 
On the other hand, the relatively simple model, as described 
by Cos in 1990, seems less expensive but actually requires 
a real-time working ultrasound machine  [  73,   74  ] . To date, 

there is no accurate calculation on the  fi nancial bene fi ts of sim-
ulator-based training for TRUS.  

 Simulator-based training for TRUS could be a helpful 
addition in the traditional apprenticeship-type training, espe-
cially for beginners, since all the simulators described offer 
basic training options for TRUS. Developments of the simu-
lators for TRUS are ongoing and more extensive validation 
studies must follow before TRUS simulator training will 
likely be a standard part of resident training.  

   Laparoscopic Simulation in Urology 

 Despite the proven bene fi ts of laparoscopic surgery as a sur-
gical method for the kidney and prostate, widespread adop-
tion by urologists has been lacking. Three-dimensional 
intervention with two-dimensional viewing, lack of haptic 
feedback, the fulcrum effect of the pubic bone and ribs for 
prostate and kidney surgery respectively, and the dif fi culty of 
intracorporeal suturing required for prostate and kidney sur-
gery are reasons for the lack of widespread incorporation of 
laparoscopy into urology practice. A review of 2,407 laparo-
scopic urology surgeries demonstrated that the complication 
rate decreases from 13.3 to 3.6% after 100 cases. This 
 demonstrates the inadequacy of laparoscopic training prior to 
entering the operating room  [  83,   84  ] . 

   Table 25.4    Simulators for transrectal ultrasound (TRUS)   

 Author  Year  Material  Biopsies Y/N 
 Theoretical 
module 

 Content 
validity 

 Construct 
validity 

 Criterion 
validity 

 Cos  1990  Inanimate  N  N  N  N  N 
 Sclaverano  2009  Computerized  Y  N  Y  N  N 
 Persoon  2010  Computerized  N  N  Y  N  N 
 Chalasani  2011  Computerized  Y  N  Y  Y  N 
 Janssoone  2011  Computerized  Y  Y  Y  N  N 

  Fig. 25.2    TRUS simulator (MedCom, Germany). This virtual simula-
tor allows the learner to place an ultrasound probe in a simulated rectum 
and practice coronal and axial viewing of the prostate       
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 Autorino et al.  [  83  ]  divided laparoscopic simulators into 
three types: mechanical, hybrids, and virtual reality. 
Mechanical simulators are boxes in which organs/objects are 
placed and manipulated. This type of simulator is relatively 
inexpensive and teaches the basic laparoscopic principles 
including instrument manipulation and hand-eye coordina-
tion. Hybrid simulators are similar to mechanical simulators 
with performance being monitored by a computer that is able 
to give guidance on how to perform the tasks and objective 
feedback to the trainee. Virtual reality (VR) simulation is 
based on computer-generated images of organs/objects 
linked to a human-computer interface. VR simulation also 
provides objective feedback to the trainee and may provide 
the option of training in advanced laparoscopic skills. VR 
simulation has been shown in several randomized trials to 
improve operating room performance of surgical trainees 
 [  83  ] . However, there is a lack of randomized studies assess-
ing the predictive validity in laparoscopic urology as reported 
in general surgery for cholecystectomy, likely because the 
most frequently performed laparoscopic procedures in urol-
ogy involve complex surgical steps  [  83  ] . 

   Hybrid Simulators 

 Various substances have been injected into animal kidneys in 
an attempt to replicate partial nephrectomies. Improved renal 
pelvic anastomosis scores (laparoscopic pyeloplasty) have 
been noted with a training regiment consisting of a crop and 
esophagus of a chicken inside a training box  [  85  ] . Chicken 
skin has been used in a laparoscopic box to simulate the ure-
throvesical anastomosis required for laparoscopic prostatec-
tomy. This training has led to improved manual dexterity and 
faster anastomosis times among trainees learning laparo-
scopic prostatectomy  [  86  ] . A 2009 study compared the use of 
VR simulation to a pelvic laparoscopic box trainer in 20 med-
ical students learning laparoscopic suturing and knot-tying 
 [  87  ] . The students were randomized to the VR trainer or the 
box trainer. A 1-h didactic session and video was followed by 
2 h of training on the assigned simulator. The students then all 
performed laparoscopic cystotomy closure on a porcine 
model. All students were able to complete the cystorrhaphy. 
There was no difference in time to complete the task or objec-
tive assessment of skills between the two groups. The authors 
concluded that there was no difference between the box trainer 
and VR simulation for simple laparoscopic tasks and that the 
box trainer may be more user-friendly for novice learners.  

   VR Simulators 

 Virtual reality nephrectomy simulation has been developed 
but is still in its infancy. Mentice (Gothenburg, Sweden) 
developed a VR simulator for laparoscopic nephrectomy that 

simulates a number of steps of the real-time procedure  [  88  ] . 
A 2010 study evaluated 22 novices, 32 intermediates, and 10 
experienced urologists on the simulator performing similar 
tasks of laparoscopic nephrectomy  [  88  ] . The simulator did 
not differentiate between intermediate and experienced par-
ticipants and learning curves were  fl at in all groups. The 
authors concluded that the simulator lacked construct valid-
ity. In addition, it was the authors’ opinion that trainees’ 
improvements on measured dexterity on the simulator were 
learned skills speci fi c to the simulator rather than an improve-
ment in operative skills. Simbionix (Cleveland, OH, USA) 
has developed a laparoscopic nephrectomy software package 
for use on the Lap Mentor II device. No validation studies 
are available to date for this software. Haptic feedback has 
been lacking from many VR simulators. However, the addi-
tion of haptic feedback software to VR simulators has not 
contributed to the improvement of accuracy, economy, or 
speed of hand movement to simulations performed with nov-
ice learners to date  [  89  ] . Better haptic feedback may be 
required for VR simulation to more accurately re fl ect real-
life urologic surgery, and whether or not that would translate 
to “better” simulators is unclear.   

   Robotic Simulation in Urology 

 There is a steady increase in the number of urologists incor-
porating robotic-assisted laparoscopic prostatectomy (RALP) 
into practice. Related to this, the robotic training background 
of these urologists is becoming more varied and diverse as 
RALP utilization continues to increase. There remains no 
standardized credentialing system to evaluate surgeon com-
petency and safety with regards to robotic surgery  [  90  ] . Most 
medical malpractice claims surrounding robotic surgeries 
are secondary to systems malfunctions, and 75% of those 
malfunctions arise intraoperatively  [  91  ] . The most common 
cause of these intraoperative systems malfunctions is due to 
inexperience or lack of technical competence with the instru-
mentation/surgical device  [  90,   91  ] . 

 Multiple avenues exist to attain postgraduate robotic 
training including urologic oncology fellowships, laparo-
scopic/endourology fellowships, and robotic fellowships 
 [  92  ] . These fellowships vary in their length (1–3 years of 
duration) and accreditation. It is not known if one form of 
training is superior to another. What appears to be consis-
tently successful in robotic training is a three-phase approach 
to learning surgical robotics and the guidance of an experi-
enced mentor. The  fi rst phase involves learning the robotic 
technology including port placement, arm clutching, and 
overall familiarization with the robot. The second phase is 
assisting laparoscopically at the bedside; the third phase is 
completing individual steps of the RALP while sitting at the 
console  [  93,   94  ] . The role that formal robotic simulation 
plays in these steps remains to be determined. 
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 Training on the robotic console can be dif fi cult due to the 
expense of simulators and the dif fi culty of allowing untrained 
learners on the console in a clinical setting. The residency 
training program at Indiana University demonstrated the suc-
cess of incorporating robotic tasks during training on inani-
mate models with the da Vinci robot  [  95  ] . New residents 
completed four Saturday sessions consisting of drills on inan-
imate objects (i.e., pegboard, letter board, string running, pat-
tern cutting, and suturing). Trainees demonstrated signi fi cant 
improvements in terms of accuracy and time to completion 
regardless of level of experience or number of robotics cases 
completed. The residents preferred the weekend training over 
weekday training as well and noted an overall increase in 
their self-reported mean preparedness for live surgery. 

 There are currently three virtual reality robotic simulators 
commercially available. The Robotic Surgical Simulator 
(RoSS) is a novel virtual reality simulator of the da Vinci 
Surgical System (Simulated Surgical Systems; Williamsville, 
NY, USA)  [  96  ] . The console of the trainer consists of two, 
six degrees of freedom input devices; a stereo head-mounted 
display; pedals for clutch and camera controls; and pinch 
components to simulate the EndoWrist of the standard da 
Vinci surgical system console. The urology group from 
Roswell Park Cancer Institute divided simulation users into 
three groups: novice (no robot experience), intermediate 
(fewer than 149 cases), and expert (at least 150 robot cases). 
All study subjects rated the clutch control as “good” or 
“excellent,” but 22% rated the device “poor” for object place-
ment realism (ball placement drill). Thirteen percent rated 
the needle control simulation as poor, and only 27% rated 
needle control drills as excellent. While the simulator 
appeared to have its  fl aws, 75% recommended the simulator 
for training and 79% thought it could play a role in future 
privileging or certi fi cation for robotic surgery. 

 The Mimic dV-Trainer (MdVT) was developed by Mimic 
Technologies, Inc. (Seattle, WA). It includes foot pedals, side 
pods, EndoWrist, and high-de fi nition stereoscopic display that 
functions similarly to the console components of the da Vinci 
surgical system (Fig.  25.3 )  [  97  ] . Lerner et al.  [  97  ]  evaluated use 
of the MdVT in a novice group of learners (medical students 
and residents) compared to a more experienced group of urol-
ogy residents that trained utilizing the robot and inanimate 
objects. The MdVT group improved in pattern cutting and peg-
board times, but only the group trained using inanimate objects 
improved in the knot-tying time and pegboard accuracy. The 
authors commented that the Mimic device lacked an adequate 
suturing exercise. Two recent publications have con fi rmed the 
face and content validity of the MdVT utilizing novice and experi-
enced robotic subjects  [  98,   99  ] . Each study noted the realism of the 
tasks available and the validity of teaching what the drills were 
intended to teach. The experts were noted to outperform the 
novices with regard to time and accuracy in all assigned tasks.  

 Mimic Technologies also offers a backpack that attaches to 
the back of the da Vinci Si console. The software is the same 

as the MdVT and the drills are similar. Hung et al.  [  100  ]  
con fi rmed the face, content, and construct validity of the back-
pack among 16 novices, 32 intermediates, and 15 experts. The 
experts outperformed the intermediates and novices in almost 
every metric. All of the expert surgeons noted the device to be 
an excellent training tool for residents and fellows. 

 All of the systems attempt to give immediate performance 
feedback after the completion of the exercise via software 
that interfaces with the virtual environment. The RoSS and 
MdVT are stand-alone devices that can be placed in an actual 
simulation center and be under the supervision of the simula-
tion staff. The Si console backpack must be used on the 
actual da Vinci Si surgical console and, therefore, can only 
be used when the console is available in the operating room. 
Another limitation of the backpack is that it is used mostly in 
the operating room and, therefore, in most cases, not under 
the watchful eye of the simulation staff. The bene fi t to the 
backpack is that the learner participates on the actual da 
Vinci Si surgical console and not on a simulate interface. 

 Current robotic simulation is limited to simulating basic 
robotic tasks. Actual steps of robotic surgery (e.g., dissection) 
cannot currently be simulated or adequately replicated. 
However, having trainees learn basic robotic skills in a simu-
lated environment (camera movement, clutching, hand move-
ments, foot pedal coordination, and suturing) can decrease 
surgical risk and prepare the learner for more advanced tasks 
(prostate apical dissection, nerve sparing, etc.). What is still 
unknown is how much simulated learning is needed to 
improve safety and outcome and which simulated program 
provides the best pathway to the desired results  [  95  ] .  

   High-Fidelity Simulation in Urology 

 Structured intraoperative communication and teamwork 
simulation has been limited for urology trainees. Gettman 
et al.  [  101  ]  provided the  fi rst urology evaluation of  teamwork, 

  Fig. 25.3    Mimic virtual reality robotic simulator (Mimic Technologies, 
Inc., Seattle, WA). The Mimic virtual reality simulator offers a console 
and foot pedals that mimic the actual da Vinci surgical robot. The simu-
lator relies on software-based drills to accommodate the learner to the 
three-dimensional robotic environment       
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communication, and laparoscopic skills in a simulated envi-
ronment. Nineteen residents participated in simulated sce-
narios involving insuf fl ator failure and CO 

2
  embolus. The 

simulated mannequin was set up for laparoscopic renal sur-
gery, and learners were videotaped gaining laparoscopic 
access. The scenario involving insuf fl ator failure relied on 
the operating room team to troubleshoot the problem while 
activating a patient deterioration scenario if too much atten-
tion was diverted away from the patient. A majority of the 
participants noted that the scenarios were realistic and that 
they prompted realistic responses. The participants noted the 
lower realism of the simulated abdominal wall compared to 
a standard patient’s abdomen. They also noted that the 
debrie fi ng session was extremely helpful. The authors con-
cluded that while some aspects of immersive OR simulation 
are lacking, the scenario and equipment did not need to be 
perfect to achieve the stated goals. 

 The same group utilized the Mayo Clinic Multidisciplinary 
Simulation Center to deliver an unexpected death scenario to 
19 urology residents  [  102  ] . The resident was called to an 
unstable patient’s bedside following cystectomy for evalua-
tion. The authors assessed veri fi cation of code status before 
calling a code. Once a code was activated, the patient’s wife 
was sent to a quiet room. Once the patient died, the resident 
was assessed for their ability to deliver the bad news. The 
group was unsatisfactory with veri fi cation of codes status 
before calling a code and resident performance was unsatis-
factory when it came to choice of words used to deliver the 
news of death. Only 3 of 19 residents used the words “died” 
or “death” in their delivery. All residents found the simula-
tion useful and provided adequate realism and most thought 
the simulation should be incorporated into their standard 
curriculum. Undre et al.  [  103  ]  demonstrated that crisis man-
agement simulation in an operating room environment dur-
ing a scenario of uncontrolled bleeding from a TURP or 
TUR syndrome was feasible for training with good learner 
feedback. The authors noted that this type of simulation 
builds situational awareness and improves team communica-
tion. The bene fi t of high- fi delity crisis simulation lies in the 
fact that it involves not only the surgeon but the entire opera-
ting room team, and therefore, the boundaries between tech-
nical and nontechnical performance can become blurred  [  4  ] .  

   Implementing Simulation Training into 
Urology Training 

 Implementation of all of the above training into a program is 
an overwhelming task. The limitations of physician-instructor 
availability due to heavy patient loads, the ACGME work 
hour limitations, and overall clinical duties preclude imple-
mentation of all of the above simulation exercises into resi-
dent training. The cost of much of the above technology is 
also prohibitive to widespread incorporation into training 

programs. Many programs are relegated to offering simula-
tion in 1- or 2-h blocks during set education time during the 
week. It is not practical to offer formal week-long laparo-
scopic training courses to each new resident as they enter a 
program. A 2007 study of American residency program 
directors demonstrated that simulators were good educa-
tional tools that allowed practice in a controlled environment, 
but there was disagreement about the cost-effectiveness, 
validity, and ability of the simulators to replace hands-on 
operative training  [  104  ] . Much of the current literature on 
simulation in urology focuses on residents in training. An 
overlooked aspect of simulation training is in the allied health 
involved in bedside assisting during major laparoscopic/
abdominal operations as well as postoperative patient care. 

 With these limitations, programs must pick and choose 
areas of focus. Many programs will also feel obligated to 
utilize equipment that has already been purchased. For 
instance, a program that has a robotic simulator will prefer-
entially focus on robotic simulation training due to their 
ownership of the technology. A common theme of all of the 
above-mentioned simulation equipment is its value for begin-
ning surgeons yet limited value for more experienced sur-
geons. For instance, an experienced robotic surgeon may 
 fi nd little value in commercially available robotic simulators, 
due to the lack of advanced software mimicking dif fi cult sce-
narios (e.g., bleeding during robotic prostatectomy). 

 Standards for certi fi cation and recerti fi cation of urologists 
vary by region of the world  [  5  ] . General surgeons have incor-
porated the Fundamentals of Laparoscopic Surgery (FLS) 
into the surgical licensure process for residents in training 
 [  105  ] . This program has been modi fi ed for urologists and 
termed BLUS (Basic Laparoscopic Urologic Surgery)  [  106  ] . 
BLUS has modi fi ed the didactic portion to be more urocentric 
and has eliminated the endoloop and extracorporeal knot-
tying psychomotor exercises. BLUS has good acceptability 
and evidence of construct validity for assessment of basic lap-
aroscopic skills for urologists but has not yet been utilized in 
the licensing process. The American Board of Medical 
Specialties (ABMS) identi fi es six components of compe-
tency. Simulation-based training or recerti fi cation may play a 
role in all six ABMS competencies but is especially relevant 
in the patient care, communication, and practice-based learn-
ing modules. Currently, there is no formal requirement for 
simulation or hands-on demonstration of skills in the licen-
sure or recerti fi cation process for urologists.  

   Conclusion 

 The need for simulation in urology is inherent. Numerous 
simulation techniques and equipment have been developed 
for the different aspects of urology from laparoscopic/robotic 
surgery to endoscopic surgery. Training for the nontechnical 
aspects of urology (i.e., team training/communication) lag 
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behind simulation for the technical aspects of urology. The 
cost-effectiveness of this  simulation-based training as it 
transfers to the operating theater and relates to patient safety 
outcomes needs further assessment, but it is likely that as 
more evidence points towards improved patient safety via 
simulation-based training, the widespread adoption will be 
inevitable.      
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          Introduction 

 Simulation-based medical education (SBME) offers several 
bene fi ts that make it an excellent instructional tool and a 
good  fi t for Internal Medicine education. SBME, which 
includes both low- fi delity and high- fi delity simulation 
modalities, has the potential to shorten the learning curve for 
trainees, improve patient safety, standardize the curriculum, 
assess all six of the Accreditation Council for Graduate 
Medical Education (ACGME)  [  1  ]  competencies, and offer 
observations of real-time clinical decision making  [  2,   3  ] . 
SBME offers signi fi cant advantages in teaching medical stu-
dents and Internal Medicine residents, as SBME methodol-
ogy ensures comparable learning experiences  [  2  ] . SBME is 

also important for Internal Medicine physicians, as it offers 
opportunities to learn and practice new technical skills and 
remediate skills required for clinical practice in controlled, 
safe environments  [  4  ] . 

 SBME has increased exponentially over the last few years 
and has gained acceptance in many medical  fi elds  [  5,   6  ] . 
Internal Medicine, was not an early adopter of simulation  [  2  ] . 
In the past, Internal Medicine did not use simulation with 
residents as extensively as departments of Anesthesiology 
and Emergency Medicine  [  13,   14  ] , due to questions about 
its value and sustainability  [  6,   12  ] . However, Internal medi-
cine is now one of the disciplines most commonly utilizing 
simulation  [  7  ] . The increasing use of SBME methodologies 
may be a result of patient safety and quality initiatives  [  6–  8  ] ; 
the shift to ambulatory medicine, which tends to limit types 
of clinical encounters; the focus on outcomes-based educa-
tion  [  3  ] ; and duty-hour restrictions. For example, Internal 
Medicine residency training has become shorter due to duty-
hour restrictions, despite the fact that residents have more to 
learn. Since trainees are spending fewer hours in the hospital 
setting  [  9  ] , simulation provides an ef fi cient and effective way 
for residents to interact with a variety of patients and various 
clinical scenarios. SBME shortens learning time  [  2  ] , increases 
con fi dence  [  10,   11  ] , and can improve the assessment of gen-
eral competencies. 

 Widespread support by students  [  12  ]  and faculty members 
is making SBME a common instructional method in Internal 
Medicine clerkship curricula  [  7,   15  ] , as well as in Graduate 
Medical Education (GME), Continuing Medical Education 
(CME), and recerti fi cation. In this chapter, SBME initiatives 
in the  fi eld of Internal Medicine will be described and future 
implications discussed. Simulation is vital in facilitating 
lifelong learning, problem solving, self-assessment  [  16  ] , and 
critical thinking  [  12  ] . We believe it is a critical component 
throughout the educational continuum  [  2  ] .  
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   Undergraduate Simulation 

   Preclinical Courses 

   Basic Science Correlations 
 Internal Medicine faculty members frequently participate in 
basic science courses and provide clinical correlations. 
Simulation used at the preclinical level tends to focus on 
medical knowledge  [  7  ] . For example, high- fi delity manne-
quin simulators can be used to teach physiology and pharma-
cology, especially cardiovascular physiology and response to 
medications  [  6  ] . The use of mannequins, rather than the 
recruitment and training of real patients, can provide a fea-
sible way to demonstrate clinical correlations. Via et al.  [  17  ]  
used simulators to demonstrate cardiac output, heart rate, 
and systemic vascular resistance to second-year medical stu-
dents. Gordon et al.  [  18  ]  showed that a high- fi delity manne-
quin can be used to demonstrate physiological changes 
during myocardial infarction to second-year medical stu-
dents. It is also possible to teach basic neuroscience concepts 
to large groups using a simulator  [  19  ] . 

 The utilization of virtual patients and avatars for basic 
clinical encounters is in its infancy, but these types of vir-
tual simulation options show promise. While the bene fi ts of 
simulation are apparent (see Fig.  26.1  and Table  26.1 ), 
challenges with faculty development, faculty numbers, 
space, time, cost, and equipment are limiting factors.    

   Physical Diagnosis 
 The Harvey cardiology patient simulator (CPS), devel-
oped by Dr. Michael Gordon in 1968, has been shown to 
be an ef fi cient and effective tool for teaching cardiac 
physical exam skills to medical students and Internal 
Medicine residents  [  21,   22  ] . Students using CPS manne-
quins can develop the ability to recognize normal and 
abnormal  fi ndings with breath sounds, heart sounds, 
pulses, jugular venous pulsations, and precordial move-
ments. Harvey mannequins have enabled Internal Medicine 
clerkships to teach and assess medical students’ cardiac 
physical diagnosis skills  [  23  ] . Simulators which demon-
strate other physical examination  fi ndings are not readily 
available, but computer-generated simulations can 
 reproduce visual  fi ndings well. Virtual reality simulations 
such as Second Life and other similar products may be 
helpful in physical examination training and assessment 
in the future.   

   Clinical Clerkships 

   Overall Use 
 According to the AAMC  [  24  ] , approximately 76% of medi-
cal schools indicated that simulation is used within Internal 
Medicine clerkships, and approximately 57% of teaching 
hospitals indicated it is a part of the Internal Medicine 
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  Fig. 26.1    Simulation in Internal 
Medicine clerkships (Based upon 
data provided within Torre et al.  [  15  ]  
study)       

   Table 26.1    Simulation advantages   

 Scenarios  Instruction and assessment  Learner  Patient safety and care 

 Consistent and reproducible  Supervised instruction  Tailored to learner’s level  No risk to patient 
 Realistic problems  Deliberate feedback  Re fl ective practice  Error-forgiving clinical experience 
 Uncommon events  Outcome-based assessment  Practice to point of automaticity  Increases patient con fi dence 

  Based upon “Learning Through Simulation,” Mayo Clinic Multidisciplinary Simulation Center  [  20  ]   
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clerkship. This places Internal Medicine within the top 
three disciplines in its use of simulation within medical 
school and teaching hospital settings  [  7  ] . 

 Torre et al.  [  15  ]  in a survey of US and Canadian clerk-
ship directors found that SBME was used by 84% of survey 
respondents ( n  = 76/110), with 39% reportedly using it for 
teaching, 49% for formative assessment, and 38% for sum-
mative assessment. For example, partial task trainers (rectal 
exam, lumbar puncture, venipuncture, arterial blood gas 
draw) are often used to teach technical skills to third-year 
medical students during Internal Medicine clerkships  [  25  ] . 
As a result, Graber et al.  [  25  ]  reported that patients were 
more willing to allow medical students to perform proce-
dures such as venipuncture, lumbar puncture, or central 
lines on them after the students had undergone simulation 
training. 

 Standardized patients (SPs) were used by approximately 
54% of clerkship respondents. About one-third of clerkships 
responding reported using SPs for summative evaluations, 
presumably OSCE exams. Comprehensive simulation pro-
grams with evaluation of teamwork (5.6%) and procedural 
skills (18%) are less common  [  15  ] . Survey respondents rep-
resented 61% of all eligible schools surveyed.  

   Cases 
 Several companies have developed virtual cases, which are 
in common use during third-year clerkships. Virtual cases 
are often used as supplements or substitutes for actual 
cases to ful fi ll clerkship requirements  [  15  ] . Software, such 
as Laerdal MicroSim, is similar to gaming software and 
allows students to play the role of a physician in emer-
gency or intensive care situations. For example, the soft-
ware can time student responses during an emergency 
scenario and give students grades based upon timeliness of 
responses and ability to follow standard patient protocols. 
Students may  fi nd this software useful when they lack 
opportunities to practice decision making with seriously 
ill patients  [  25  ] . 

 Cases involving mannequins are effective for teaching 
and assessing core curriculum topics during the Internal 
Medicine clerkship  [  2  ] . McMahon et al. have shown that 
simulators can help students compare and contrast different 
presentations of similar cases, thus enhancing re fl ective and 
metacognitive learning  [  26  ] .  

   Assessment of Technical Skills 
 Technical skills are typically formatively assessed during 
clerkships, but students often  fi nish the third and fourth year 
of medical school without establishing pro fi ciency in many 
of the skills outlined by the AAMC in its Medical Schools 
Objectives Project initiative  [  27,   28  ] . Technical skills such 
as airway management, central lines, and ACLS skills are 

usually formatively assessed, as well, but often not until 
residency  [  6  ] . Objectives related to these skills can easily be 
added to a medical simulation curriculum.  

   Assessment: Objective Structured Clinical Exams 
(OSCEs) 
 OSCEs,  fi rst introduced in the UK by Ronald Harden, MD 
and FA Gleeson in the 1970s, are used in medical schools 
around the world to formatively and summatively assess 
clinical skills of medical students. While the use of OSCEs is 
widespread in US medical schools, Iqbal et al.  [  29  ]  and 
Troncon  [  30  ]  noted that OSCE use is limited in resource-
constrained countries, which may not have standardized 
patient programs or skills labs. Troncon  [  30  ]  also pointed out 
that without competency requirements mandated by accredi-
tation agencies, the case for resource-intense, objective, sim-
ulation-based exams may not be there. 

 While reliability and validity evidence for OSCE-derived 
scores tends to be strong  [  31,   32  ] , the psychometric proper-
ties related to scores use (reliability and validity) are highly 
dependent upon the standardization of SP training. As no 
tool or measure contains reliability or validity  [  33,   34  ] , 
OSCEs are not inherently valid or reliable. Like any other 
tools dependent upon rater training, when SPs or faculty vary 
in the way they rate learners, reliability and validity of score 
use suffers  [  35  ] . In terms of formative assessment, standard-
ized patient scenarios are also used by medical schools to 
assess medical students’ communication and history and 
physical examination skills in preparation for OSCEs and 
licensure exams. There is evidence that data derived from 
standardized patient (announced and unannounced) evalua-
tions may be more reliable and valid than faculty observer or 
patient evaluation data  [  35  ] .    

   Graduate Medical Education 

   Overview 

 The number of residency programs offering simulation cur-
ricula has increased dramatically since the ACGME began 
mandating simulation learning experiences for all Internal 
Medicine residents. Across the specialties, approximately 
90% of medical schools and teaching hospitals use simula-
tion during the  fi rst 3 years of postgraduate training  [  7  ] . 
Once again, Internal Medicine is one of the most common 
disciplines utilizing simulation instruction in residency 
training  [  7  ] . 

 The addition of core competencies by the ACGME has 
 provided opportunities to utilize simulation for competency 
 evaluation in a structured environment. Some of the compe-
tencies can be dif fi cult to evaluate and remediate, including 
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interpersonal and communication skills, professionalism, and 
systems-based practice  [  36–  38  ] . With SBME, residents have 
opportunities to practice in risk-free environments and engage 
in patient encounters which would have high procedural risks 
or are infrequent events (i.e., ACLS code, weapons of mass 
destruction, mass causality scenarios) in real clinical settings.  

   Procedural Skills 

 Procedural skills have traditionally been taught within a “see 
one, do one, teach one” paradigm, which places patients at 
signi fi cant risk for complications and may increase frustra-
tion with operators and/or procedures. Standardized patients 
have allowed certain bedside procedures (starting an IV, 
phlebotomy, and electrocardiogram) to be performed on 
them for medical education, but most of these are examples 
of low-risk, frequently utilized procedures for hospitalized 
patients. The more complex procedures (lumbar puncture, 
central venous catheterization, paracentesis, and thoracente-
sis) all have a higher risk associated with them and are infre-
quently performed by general Internal Medicine physicians. 

 SBME allows trainees to improve their performance with 
procedures prior to clinical practice. Central venous catheter-
ization (CVC) has been one of the most studied procedures 
within simulation, and studies that have shown improvement 
with ultrasound-guided SBME training was superior to tradi-
tional training  [  39,   40  ] . Evans et al.  [  41  ]  showed postgraduate 
year 1 and 2 (PGY-1 and PGY-2) physicians, when given a 
structured, competency-based simulation training protocol, 
improved CVC insertion performance with regard to success 
at  fi rst cannulation  [  16  ] . Simulation-based curricula for CVC 
has also been associated with improvement in catheter-related 
bloodstream infection  [  42  ] . Barsuk et al.  [  43  ]  found that 
SBME-trained residents had fewer catheter-related blood-
stream infections within the intensive care unit after partici-
pating in a central venous catheter insertion skills simulation 
curriculum  [  9  ] . Simulation with partial task trainer models 
allows trainees the opportunity to learn the overall procedure 
with sterile techniques in an environment which will not 
interfere with patient safety or quality of care. Procedural 
skills activities can be used to evaluate resident competencies 
such as medical knowledge, patient care, systems based prac-
tice and communication skills with the addition of trained 
SPs to evaluate informed consent or delivery of bad news.  

   Hospital Teams and Infrequent Events 

 SBME also allows graduate trainees to practice infrequent 
events (i.e., ACLS code, weapons of mass destruction, mass 
causality scenarios) in a controlled environment, allowing for 

adaptation according to the skill level of the learner. As the 
learner advances within her/his medical training, simulation 
allows for diversity of experiences and complexity of the sim-
ulation scenario. Starting residency training can be a challeng-
ing period for individuals and speci fi cally being on the code 
team increases trainee anxiety. The American Board of Internal 
Medicine requires residents to be competent in advance car-
diac life support (ACLS) for certi fi cation. Simulation allows 
trainees to become more competent with ACLS while decreas-
ing the stress associated with infrequent events which have 
life-altering consequences  [  44  ] . In addition, the utilization of 
multidisciplinary teams during code training can improve a 
trainee’s competency in teamwork skills  [  45  ] , an aspect of 
systems-based practice, and improve learner’s professional-
ism and communication skills  [  45  ] . Multidisciplinary teams 
often consist of members who are responsible for the code 
teams within the institution (i.e., nurses, pharmacists, respira-
tory therapists, and physicians). Evaluation of team dynamics 
can be performed with tools such as the Mayo High 
Performance Teamwork Scale  [  10,   46  ] . This team training 
helps to improve technical skills of the practitioner but also 
works to emphasize teamwork within the institution.  

   Competency Evaluation 

 In GME, other uses of SBME include the teaching and assess-
ment of patient communication. Simulation scenarios can be 
developed to highlight the physician-patient relationship. 
Learning objectives and learning activities can target ethical 
dilemmas, including those encountered when dealing with 
advanced directives  [  47  ]  and breaking bad news. Unannounced 
standardized patient visits to the resident clinic have been used 
within a number of GME programs, including the University of 
Texas Medical School at Houston. The scenarios can be viewed 
in real time or videotaped so that the resident has the opportu-
nity to later watch their interactions with standardized patients. 
This gives residents some insight into their own medical inter-
viewing and physical examination skills. Simulated scenarios 
are somewhat unique because they can be designed to include 
and evaluate all six competencies (patient care, medical knowl-
edge, practice-based learning, interpersonal and communication 
skills, professionalism, and systems-based practice). 

 Internal Medicine residency programs have struggled 
with teaching and assessing systems-based practice  [  36  ] , 
practice-based learning and improvement, and communica-
tion skills and professionalism  [  47  ] . McGaghie et al.  [  48  ]  
have used medical simulation to teach systems-based prac-
tice skills to Internal Medicine residents and have discovered 
that the simulation experience is irreplaceable. Simulation 
education offers an excellent opportunity to perform observed 
competency-based education and assessment.  
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   GME Final Thoughts 

 The utilization of SBME within graduate medical education 
is increasing  [  7  ] , with numerous opportunities for improve-
ment in patient care. Studies have shown not only the 
improvement of resident procedural skills performance but 
also improved communication and professionalism within 
multidisciplinary teams  [  49–  51  ] . The number of programs 
offering simulation curricula has increased dramatically 
since the ACGME began mandating simulation learning 
experiences for all Internal Medicine residents.   

   Practicing Physicians and CME 

 The  fi eld of continuing medical education (CME) has also 
embraced SBME to enhance education during CME confer-
ences. A review of CME activities by Marinopoulos et al.  [  52  ]  
showed that effective CME includes live conferences, confer-
ences with multiple media offerings, multiple opportunities to 
build new knowledge through repeated exposure to new infor-
mation, and opportunities to interactively engage in new 
 practices  [  8  ] . SBME utilizes all four effective CME approaches 
during most scenarios. The American College of Physicians 
(ACP) utilizes simulation activities during their annual meeting 
by offering the Waxman Clinical Skills stations. These sessions 
are well attended and have been a popular addition to the annual 
meeting since 2001. Simulation stations engage participants in a 
variety of procedural skills; physical exam improvement  stations 
including cardiac, breast, or pelvic exam; and a variety of stan-
dardized patient scenarios. Simulation has become a strong and 
integral part of medical education and will continue to be a criti-
cal element in physician education, not only during medical 
school or residency training but also for lifelong learning.  

   Internal Medicine: Certi fi cation 

 While Internal Medicine has been relatively slow to adopt 
simulation for high-stakes testing when compared with the 
 fi eld of anesthesiology  [  5,   53  ] , its use is increasing. Simulation 
is used in high-stakes testing for Internal Medicine specialty 
certi fi cation in Canada. Physicians are required to rotate 
through and pass a standardized patient physical exam sta-
tion and an ethics and communication skills station  [  4  ] . In 
the USA, simulation-based virtual reality (VR) training for 
cardiac stenting was approved by the Society for 
Cardiovascular Angiography and Interventions, the Society 
for Vascular Medicine, and the Society for Vascular Surgery 
 [  54  ] . The American Board of Internal Medicine (ABIM) 
 [  55  ]  also utilizes VR simulation; VR simulation is used for 
self-evaluation of medical knowledge within its maintenance 

of certi fi cation program for interventional cardiology diplo-
mats (ABIM web site). A number of studies have been com-
pleted in recent years regarding the use of virtual reality 
training for carotid stenting  [  54,   56,   57  ] . In these studies, 
there was a signi fi cant part of the learning curve that could 
be accomplished using virtual reality training. The shift in 
procedural skills training to include the virtual reality format 
offers signi fi cant opportunities for acquiring these technical 
skills and providing enhanced patient care.  

   Practical Considerations 

   Faculty Development 

 As SBME is such a powerful tool for educating learners and 
observing performance, it would be logical to assume that 
SBME is used frequently within Internal Medicine faculty 
development. Yet, it is not incorporated to the degree we 
might expect. Signi fi cant barriers to adoption include cost of 
equipment and space, especially for resource-poor medical 
schools, and the time it takes to prepare for training. Although 
many faculty members support simulation training, another 
barrier is resistance that some faculty may have toward new 
ways of teaching. Seasoned Internal Medicine physicians may 
be less familiar with technology and as a result be apprehen-
sive about incorporating high- fi delity mannequins, virtual 
reality, virtual patients, and other technology-driven simula-
tion. These faculty members, who were taught within tradi-
tional apprenticeship models, often lack experience working 
with simulation equipment and/or computers and would rather 
not rely on new equipment when training young physicians. 

 The development of realistic clinical scenarios is also time-
consuming for faculty and can be very expensive for institu-
tions  [  58  ] . There may be technical limitations in terms of what 
can be simulated with current simulation mannequins, without 
the addition of standardized patients. Many of the current 
mannequins work best for anesthesia and ACLS-type scenar-
ios. Faculty may be more inclined to embrace SBME as a 
teaching modality and the required faculty development if 
they can understand the utility of SBME for teaching patient 
safety and the newer more dif fi cult general competencies  [  58  ] . 
Faculty who embrace SBME must be supported by their aca-
demic institutions and offered faculty development to be effec-
tive in developing advanced skills  [  59  ] . 

 McGaghie et al.  [  48  ]  emphasized that one of the areas of 
greatest need is faculty expertise. In order to be successful, 
there are several key components, including faculty training 
in the use of equipment, institutional support, and faculty 
motivation to succeed  [  48  ] . Research groups have emerged in 
many specialties studying best practices for the use of simu-
lation  [  60  ] . With all the rapid changes in medical  education, 
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one thing remains constant and is evident in the research 
related to SBME: the need for faculty development to move 
faculty learners from novice to expert levels  [  60  ] . While phy-
sicians might agree with that concept in practice, not all are 
willing to acknowledge the value of experiential learning 
through the use of simulation. In our opinion, the lack of 
experts, age of Internal Medicine faculty, need for faculty 
development, and distrust of technology are major barriers 
that must be overcome. For Internal Medicine to improve its 
education of medical students, residents, and practicing phy-
sicians, Internal Medicine faculty must embrace SBME and 
learn the skills necessary to teach SBME effectively.  

   Finding a Champion 

 Successful programs have a faculty person who is passion-
ate about SBME. SBME requires planning, imagination, 
and a willingness to experiment with new ideas and new 
technology. Many times, faculty champions are junior fac-
ulty members who are innovative and adaptable enough to 
appreciate the potential of SBME and be comfortable with 
the technology. However, this person must have enough 
authority to make curricular changes and time dedicated to 
program enhancement. This does not exclude the more sea-
soned faculty member, but the skill set does need to match 
the job. The person in charge needs to be a champion and 
must be given the time and resources to ensure program 
success.  

   Curriculum Development 

 The course administrator for the overall educational unit 
(e.g., clerkship director, residency program director) must be 
involved in planning the simulation curriculum or be willing 
to delegate planning to the simulation director. The overall 
goals and objectives of the program must  fi t with the objec-
tives of the clerkship and/or residency program and align 
with institutional objectives. 

 The best place to start is with the current curriculum. Our 
institution utilized the CDIM clerkship curriculum to evalu-
ate the Internal Medicine clerkship curriculum. Our review of 
that curriculum revealed medical problems and procedures 
which were not consistently taught. Those problems formed 
the basis of the  fi rst undergraduate simulation curriculum. For 
example, students were not consistently performing super-
vised IM recommended procedures, so those procedures were 
targeted for teaching at the simulation lab. In the lab, we could 
observe techniques and ensure students understood the indi-
cations, contraindications, and complications of the proce-
dures. These procedures are now commonly tested on our 
OSCE. We also believed our students were not being observed 

performing history and physical examination skills and that 
bedside cardiac skills needed to be improved. One day devoted 
to standardized patient scenarios was added to the SBME cur-
riculum. The sessions allow us to review history and physical 
skills and give faculty and standardized patient feedback to 
students. A progressive course utilizing the Harvey manne-
quin was incorporated into the clerkship’s simulation curricu-
lum as well.  

 The SBME curriculum should be structured developmen-
tally, with advanced skills that are targeted as trainees prog-
ress. During the Internal Medicine clerkship, students do 
basic procedures, learn advanced cardiac physical diagnosis 
using Harvey, and run team-based scenarios. Students are 
expected to know ACLS, and scenarios are used to place stu-
dents in the role of team leader, do real-time airway manage-
ment, and reinforce curricular objectives. Internal Medicine 
interns practice code team training and basic procedures 
(Table  26.2 ). As residents advance, we introduce more com-
plex cases, which allow us to formatively assess professional-
ism, communication, and skills involved in practice-based 
learning and improvement. For example, standardized patients 
playing the role of family members allow us to add complex-
ity to cases and force residents to demonstrate skills in all six 
competencies in a controlled environment. Cases can come 
from personal experience and/or departments of risk manage-
ment. Adverse events can be extremely useful for scenario 
building. Hybrid simulation cases, using high- fi delity man-
nequins and standardized patients, can be utilized to allow 
residents to explore ethical dilemmas in medicine. 
Representatives from risk management are often willing to 
assist during debrie fi ng sessions. At our institution, hybrid 
cases have been developed and include a patient who has been 
hospitalized and has an out-of-hospital DNR on  fi le; a case 
where family members have revoked a do-not-resuscitate 
order; and a scenario involving a patient with a reversible con-
dition, where family members wish to withdraw care  [  47  ] .  

   Debrie fi ng 

 According to instructors at the Center for Medical Simulation 
of Harvard Medical School, simulation is just an excuse for 
debrie fi ng. Debrie fi ng should take about twice as long as the 
length of any scenario. Faculty must participate in faculty 
development training prior to leading debrie fi ng sessions. 
Advocacy inquiry, a technique taught at the Center for 
Medical Simulation, is designed to allow participants to 
teach themselves by asking key questions. The faculty per-
son makes an observation, such as “I noticed during the sce-
nario that this happened.” This is followed by a concern or a 
question about what was observed. The concept is to avoid 
being judgmental, but make the observation and frame the 
question in such a way as to get the trainee to think out loud 
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and discuss what was happening internally during the 
 scenario. After trainees begin talking, the goal is to keep the 
discussion focused and ensure that key teaching points are 
covered.  

   Session Planning 

 Trainees’ views about simulation vary. The more junior the 
trainee, the more likely the trainee is to be engaged and enjoy 
simulation. Medical students usually like simulation, whereas 
the upper-level residents and faculty are often more skeptical. 
This is probably natural based upon what each person is 
expected to know. This factor can be overcome by telling the 
group up front that the scenario, or task, is dif fi cult and we 
expect mistakes. The simulation center is a safe place to make 
mistakes, so that acknowledgement should be voiced up 
front. 

 As SBME requires active participation, groups should be 
relatively small, with less than ten participants under most 
circumstances. Large groups can interfere with active learn-
ing. Sessions also have to be focused with excellent use of 
time. Since student and resident time is valuable to many, 
you will have to negotiate for every minute of time. Residents 
often need to return to the hospital so resident sessions gen-
erally should be no longer than 3 hours. 

 A critical issue in curriculum development is establishing 
the purpose of the session. Simulation can be used for 
instruction, practice, or assessment. Medical students and 
residents need to know the purpose at the beginning, and it 
must be clear. Otherwise, buy-in from trainees may be com-
promised if the session is used for evaluation, and this was 
not established initially. Incorporating SBME does require a 
signi fi cant amount of planning, but when incorporated effec-
tively, reciprocal bene fi ts for learners and patients are 
immeasurable.  

   Conclusion 

 In summary, the power of SBME is rooted in its experiential 
and multimodal nature. Well-crafted simulated scenarios, 
offering multimodal learning experiences  [  61  ] , can engage 
and challenge learners in ways that traditional instruction 
cannot. Compared with lecture-based instruction, simulation 
offers learners the opportunity to engage parallel or conver-
gent learning pathways  [  61  ]  to master skills and concepts. 
Hybrid simulations, can provide unique opportunities for 
learners to hear, see, touch, smell, and even emotionally 
experience a crisis. We believe SBME will continue to play 
a signi fi cant and expanding role in all levels of Internal 
Medicine education, from medical student to practicing phy-
sician education.       
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       Introduction 

 Between wars and combat deployments, the US military 
simulates combat scenarios better than any other military in 
the world. This is critical since combat cannot be learned on 
the job and therefore must be simulated ahead of time. There 
is no real-time “practice” during actual combat like there is 
in the “practice” of medicine [practice here meaning the 
actual care of patients]. In fact, entire military bases exist to 
support combat simulation and training. In contrast, simula-
tion for military healthcare provider preparedness, up until a 
short while ago, was not thought necessary since their daily 
civilian or military base job, caring for patients, would be 
similar to that which would be encountered during deploy-
ment. However, it is now well known and appreciated that 
there are clear and signi fi cant differences between peacetime 
and wartime military practice and that training for one does 
not imply pro fi ciency in practicing the other. 

 The differences of peacetime or US-based military practice 
and that of battle fi eld and combat medicine include providing 
care in mobile units and hospitals, trauma medicine, and pre-
ventive medicine and the treatment of exotic diseases, is appar-
ent. Unfortunately, except for Advanced Trauma Life Support 
(ATLS) and a few other courses that allowed deployed surgi-
cal teams to train at civilian trauma centers, it was considered 
unnecessary to simulate anything beyond what was practiced 

in mobile medical units  [  1  ] . This included technical skills such 
as assembly, breakdown, and transport of tent-based medical 
facilities. These “ fi eld” exercises provided some experiential 
team and mass casualty training by incorporating moulaged 
(Fig.  27.1a–d ) patients in immersive simulated environments 
(Fig.  27.2a, b ). However, there was a paucity of experiences 
outside of the occasional medical school and special opera-
tions simulation-based training. These included live tissue 
labs, advanced individual training for medics, life-support 
courses (such as Basic Life Support [BLS], Advanced Cardiac 
Life Support [ACLS], Pediatric Advanced Life Support 
[PALS], ATLS and Pre-Hospital Trauma Life Support 
[PHTLS]), and unit-based ad hoc training.   

 While the military is just scratching the surface in medi-
cal simulation, some heroic efforts are currently underway. 
The military is helping to lead this change both in recogniz-
ing gaps in education that can be ful fi lled by simulation and 
in improving the technology and the breadth of application 
of simulation platforms. For example, depicted in Fig.  27.3a, 
b  are the newest versions of the vehicle rollover trainers used 
by all personnel deployed to combat zones. These simula-
tors are excellent for improving ability and con fi dence in 
egressing from the vehicles especially after rollover acci-
dents. Implementation of these simulators reduced fatalities 
and actual rollover incidents by over 60% from 2005 to 2007 
 [  2  ] . Curriculum employed involved 1 h of vehicle safety 
training and then two to three rollover events on each vehicle 
simulator. This relatively simple, but expensive (each simu-
lator costs between $10 and $20 million), deployment of 
simulation has made a tremendous impact on clinical out-
comes. In this chapter, we describe the application of simu-
lation for military and battle fi eld medicine in terms of 
deployment, wartime practice, and reentry into a civilian 
medical career.   
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a b
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  Fig. 27.1    Hyperrealistic moulage: ( a ) chest and abdominal wounds, ( b ) severe facial trauma, ( c ) reusable shorts to simulate leg wounds, ( d ) leg 
wound shorts (Photos courtesy of Strategic Operations, Inc.)       
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   The Uniqueness Brought 
Out by a Decade of War 

 The War on Terror has meant that military medical personnel 
are more likely to be forward deployed and that the modern 
civilian medicine push towards subspecialization is opposite 
the needs of military healthcare. Military healthcare person-
nel are expected to be able to switch into “generalist mode” 
when deployed. The unique nature of military medicine is 
centered around the arduous deployment cycle. Massive 
numbers of active duty and reserve medical personnel are 
“mobilized” from their routine practice and placed in loca-
tions of varying austerity to perform in a different way than 
they are normally accustomed. When  fi nished with deploy-
ment after 3–15 months in this environment, they are then 
expected to return to their routine practice without missing a 
beat—a tall order. 

 Many military healthcare providers expected their prac-
tice to cycle in this manner—that is, to practice at home in 
times of peace and to perform battle fi eld trauma care in sup-
port of our troops in times of war. What could be more heroic 
and ful fi lling? Self-sacri fi ce during wartime has been the 

hallmark of our military medical services during all of our 
country’s con fl icts. However, how does one prepare a gen-
eral surgeon to make the transition from elective hernia 
repairs at their local hospital to successfully performing life-
saving, complex damage control procedures for horribly 
injured soldiers on the battle fi eld? How then does one transi-
tion back to routine practice after this experience? This chal-
lenge relies on general medical of fi cers that are capable of 
treating anyone for any reason, as well as general surgeons 
who are able to do any operation. These omni-capable medi-
cal professionals are diminishing  [  3  ] . The utilization of cur-
ricula augmented by simulation-based educational techniques 
is key to conquering this problem. 

 The systems the Department of Defense uses to allow for 
medical personnel to practice at home base and simultane-
ously be available for combat support missions are twofold. 
The system for assigning active duty military personnel to 
combat units is called the PROFIS (Professional Of fi cer 

a

b

  Fig. 27.2    Hyperrealistic ( a ) urban battle environment ( b ) with casual-
ties (Photos courtesy of Strategic Operations, Inc.)       

a

b

  Fig. 27.3    The ultimate part-task and team trainers: ( a ) MRAP (Mine-
Resistant, Ambush Protected) and ( b ) HMMWV (High-Mobility 
Multipurpose Wheeled Vehicle) rollover simulators. Instituting these 
simulators led to a marked decline in drowning and other rollover-re-
lated injuries during combat maneuvers in Iraq       
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Filler System) system, mainly an Army Medical Department 
Program. The other system is that of the US Army, Navy, and 
Air Force Reserves. Regardless of the system, the cycle is 
similar and is depicted in Fig.  27.4 . Deployment intervals 
vary depending on specialty. For instance, general surgeons, 
nurse anesthetists, and physician assistants deploy about 
every 2 years. Deployment length can also vary from 3 to 15 
months for most PROFIS personnel, 6–12 months being the 
most common  [  4  ] .   

   The Cycle 

 There are few instances outside of the military where vast 
numbers of healthcare professionals repeatedly rotate in and 
out of their everyday “practice” of medicine for signi fi cant 
lengths of time. There are civilian programs now available at 
universities and nonpro fi t volunteer organizations where 
healthcare providers visit underserved areas of the world in 
which their practice of medicine can vary from that in which 
they practice at home  [  5–  7  ] . In the case of military surgeons 
and healthcare providers, the caseload and actual medical/
surgical work can be highly variable and differ signi fi cantly 
between home and deployment. Although there are many 
reports from deployed units describing varied operative 
experiences and demonstrating robust cases, there are many 
days when few if any patients are seen or cases performed 
 [  8,   9  ] . To make up for this gap and to  fi ll in this downtime, 
many units have incorporated host-nation humanitarian care 
into their routine when not caring for large numbers of com-
batant casualties  [  10  ] . Most credentialing bodies have estab-
lished a minimum number of cases needed to be performed 
over a de fi ned time period, a number based on consensus, as 
there have been no studies other than survey data showing 

skills degradation in seasoned surgeons or providers  [  4  ] . 
There is a push by some states and accrediting bodies to 
include simulation testing into overall certi fi cation. 
Interjecting this type of recerti fi cation prior to and just after 
deployments for all military personnel is an onerous task. 
However, there are some interdiction points where simula-
tion and speci fi c, ef fi cient curricula can and are being used 
to improve transition, maintain skill levels, and monitor 
progress (Fig.  27.4 ). 

   Pre-deployment Training 

 Figure  27.4  depicts the cycle of most military healthcare 
professionals. Starting at home station after residency or 
schooling, most military providers work very hard to build 
their “practice” in a variety of settings from small isolated 
medical clinics at remote bases/posts to highly technical 
academic teaching centers with a host of subspecialties. In 
order to deploy, most providers participate in trauma and 
deployment refresher training. These programs provide 
training for medical including combat trauma (Fig.  27.5 ) 
and troop preventative medicine and nonmedical skills 
(Fig.  27.6 ). Currently, the military does  well in this area 
(green-colored star #1 in Fig.  27.4 ). The available courses 
are listed in Table  27.1  along with the simulation formats 
used to support each effort.    

 Of the many training opportunities available in the pre-
deployment phase, most focus on combat trauma care. 
Simulators for pre-deployment combat training range from 
part-task trainers that allow for the practice of speci fi c, 
 limited range of procedures (Fig.  27.7a–c ) to full manne-
quins that are incorporated into more complex multisystem 
trauma scenarios for both individual and team training 

Individual
Refresher

Training

Medical
Team

Training
Skills

maintenance

Working hard at home -
Making up for

potentially degraded skills

Train-up for deployment -
Variable value

(usually done at remote sites
away from home)

Deployed -
Variable clinical experience

The cycle of the military surgeon/
physician/nurse/medic/corpsman

Individual Deployment Medical
and Trauma Training

Medical
Team

Training
4

3

2

1

  Fig. 27.4    The deployment cycle of military 
medical professionals. The  stars  represent 
potential interdiction points where curricula 
augmented with simulation in a hybrid model 
can make the transitions ef fi cient       
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(Fig.  27.8a–c ). The Human Worn Partial Task Surgical 
Simulator (a.k.a. Cut Suit) from Strategic Operations  [  11  ]  in 
Fig.  27.9a–g  is a wearable simulated torso that an actor or 
moulaged team member dons to combine total patient injury 

management with actual procedural skill practice. (Table  27.2  
lists the procedures available with the Cut Suit.)     

 These devices and actors can be placed in elaborate 
Hollywood-type sets (with pyrotechnics, sounds, and 
battle fi eld smells) for a “hyperrealistic” experience 
(Fig.  27.10a, b ). While simulators are incorporated into 
speci fi c courses with standardized curricula in order to sup-
port the learning of key concepts, they are also used on their 
own to support just-in-time and ad hoc training, practice, and 
assessment  [  12–  14  ] . This is especially true for individual 
and small-unit team training just prior to deployment when 
there may not be enough time to  fi t in full courses that may 
involve unit travel or complex coordination.   

   Pre-deployment Team Training 

 Pre-deployment team training has markedly improved over 
the last decade but still lacks the standardized curricula and 
assessment tools that are necessary for reliable medical unit 
deployment (star #2 in Fig.  27.4 ). The Army Trauma Training 
Center at the Ryder Trauma Center in Miami does however 
prepare personnel of forward surgical teams and combat sup-
port hospitals both in terms of individual trauma and team 
skills, which are necessary to bring together for deployment 
 [  15,   16  ] . Brigade Tactical Combat Casualty Care (BTC3) 
provided by the Army Medical Department for all branches 
of service (Army, Navy, Air Force, Marines) furnishes this 
training for line unit medics. 

  Fig. 27.5    Combat surgery at a 
forward surgical team in 
Afghanistan       

  Fig. 27.6    Parachute training: Staff Sgt. Antonio Dipasquate, a trainee 
with 1st Battalion (Airborne), 507th Parachute Infantry Regiment, 
jumps with his combat gear. The students  fi rst conduct single jumps 
from the 34-ft towers and then moved on to mass exits with combat gear 
and the addition of “malfunctions” (Photo Credit: Cheryl Rodewig. 
Used courtesy of the United States Army)       
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 Currently, there are limited standardized training packages 
that take into account and incorporate the PROFIS to ef fi ciently 
prepare medical professionals to work in deployed environ-
ments. The training ranges from being almost nonexistent to 
that which is often stretched into a month or more and is of 
variable utility (author’s experience). Venues for joint opera-
tions training (those involving Army, Navy, and Air Force per-
sonnel) can be found however at Fort Indiantown Gap in 
Pennsylvania. This training center focuses on pre-deployment 
medical unit team training similar to the Joint Readiness 
Training Center (JRTC) in Louisiana and the National Training 
Center (NTC) in California for combat arms units. Cost of unit 
travel to these locations is a potential drawback. To circumvent 
this, virtual reality combat trainers similar to aviation  fl ight 
simulators are used as a primer prior to large unit exercises. 
Casualty scenarios can be interjected into the virtual convoy 
episode to include point of injury care and evacuation practice. 
Using this venue, medical units can practice all aspects of a 
local medical clinic or hospital site mission prior to deploy-
ment including planning security elements, interpreter support, 
supply ordering, task execution, and combat casualty care. 

 The Air Force medical system provides pre-deployment 
trauma training to medical personnel similar to that of the Army 
Trauma Training Center. CSTARS (Centers for Sustainment for 

Trauma and Readiness Skills) is located at select civilian univer-
sity hospitals. This training incorporates simulators to enhance 
the primary mission of aeromedical evacuation of casualties 
from the theater of war, through staging facilities, and ultimately 
to a  fi nal destination in the USA. Transporting critically wounded 
forces over long distances with no operative support is a monu-
mental task. Coordination and care of patients must be prac-
ticed. Some of the speci fi c elements practiced include the ability 
to conduct care in the hostile environment of an aircraft with 
turbulence, oppressive noise, limited visibility, and extremes of 
motions. On-loading and of fl oading patients must also be prac-
ticed as in Fig.  27.11a, b .   

   Deployment 

   On the Battle fi eld 
 Trauma refresher training while deployed is needed in some 
locations that are not experiencing high or even moderate 
casualty volumes. Trauma resuscitations and mass casualties 
can become rare events in deployed settings involving stabil-
ity and low-intensity combat operations where coalition 
forces are more engaged in security details rather than force-
on-force battles and where civilian trauma and medical care 

   Table 27.1    Sample courses, simulators used, and locations of training that are available for pre-deployment trauma refresher training   

 Course  Locations  Learners  Simulators 

 Combat Lifesaver  Most US Army posts  All service members  Part-task trainers and various 
mannequin-based simulators 

 BTC3 (Brigade Tactical Combat 
Casualty Care) 

 Fort Sam Houston, TX  All DoD healthcare 
providers 

 Part-task trainers for procedures, 
SimMan 3 G, Trauma Man, live tissue 

 Army Trauma Training Center 
(ATTC) Forward Surgical Team 
Training 

 Ryder Trauma Center, Miami, 
FL 

 Army forward surgical team 
members 

 Part-task trainers, live tissue, cadaver, 
Sawbones, TraumaMan, live patients 
(under trauma center oversight) 

 STAT Training  Any location  All team members  Moulaged unit members with scripts, 
SimMan 3 G 

 Combat Casualty Care Course (C4)  Camp Bullis, San Antonio, TX  Physicians, nurses, 
physician assistants new to 
the Army Medical 
Department 

 Part-task trainers 

 Combat Extremity Surgery Course  AMEDD Center and School 
and the Defense Medical 
Readiness Training Institute, 
Fort Sam Houston, TX 

 Surgeons  Sawbones, cadaver, part-task trainers 

 Emergency War Surgery Course  AMEDD Center and School 
and the Defense Medical 
Readiness Training Institute, 
Fort Sam Houston, TX 

 Surgeons  Live tissue, cadaver, part-task trainers 

 ATOM (Advanced Trauma Operative 
Management) 

 Various level I and II trauma 
centers 

 Surgeons  Live tissue model 

 ASSET (Advanced Surgical Skills for 
Exposure in Trauma) 

 Various level I trauma centers 
throughout USA 

 Surgeons  Cadaver 

 CSTARS  University of Cincinnati and 
other locations (colocated with 
university hospitals’ ICUs and 
trauma centers) 

 Critical Care Air Transport 
Teams (CCATT), other Air 
Force personnel 

 SimMan 3 G, C-130 and C-17 
aeromedical evacuation platforms 
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has been transitioned back to the host nation. These events 
must be practiced so that the vital individual and team trauma 
skills are maintained. This can be a dif fi cult task in a deployed 
setting since other tasks take priority (especially if it is 
assumed that deployed units are adequately prepared for the 
trauma care mission regardless of patient volumes). The 
newly developed Surgical Team Assessment Tool/Training 
(STAT) and TeamSTEPPS TM  courses provide a framework 
for training, team integration, and assessment of both patient 

care team and supporting team roles (Fig.  27.12 ). These pro-
grams are easily transportable throughout the battle fi eld and 
rely on moulaged unit members as standardized patients and 
low- fi delity mannequin simulators. Preliminary studies have 
shown that it is imperative that these events not only be prac-
ticed by the unit but also involve up-to-date training, stan-
dardized evaluation, and feedback by an experienced cadre 
to insure uniformity of readiness and capability throughout a 
battlespace (personal communication from COL Peter 

a

c

b

  Fig. 27.7    Part-task trainers for ( a ) chest tube insertion; ( b ) 6 in 1 torso for tracheostomy placement, needle decompression, and chest tube place-
ment; and ( c ) external  fi xator placement (Photo b courtesy of Strategic Operations, Inc.)       
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Nielsen, Deputy Commander for Clinical Services, 86th 
Combat Support Hospital, August 2011).   

   Post-deployment (Returning Home) 
 Although this phase of the military cycle does not get as much 
notoriety, upon returning from deployment, many new and 
different stressors become evident for the military healthcare 
provider. Besides the obvious stressors all post-deployed mil-
itary personnel encounter (reintegrating with family, friends, 
posttraumatic stressors), the healthcare provider must also 
reestablish a peace practice. While there is a perceived de fi cit 
in clinical and technical skills upon redeployment, it has not 
been measured or proven yet for seasoned board-certi fi ed and 
board-eligible clinicians  [  4  ] . Although there is no current 
standardized training for the post-deployed healthcare pro-
vider, many simulators are available for honing ones techni-
cal surgical skills both virtually as outlined in other sections 
of this book and with complete real-time haptic feedback 
(such as the Fundamentals of Laparoscopic Surgery, 
Fig.  27.13a, b ). Also, hybrid cognitive/technical evaluations 
using simulators such as the Surgical Chloe™ from Gaumard 
(Fig.  27.14a–c ) or the Cut Suit are in the evaluation phase and 

may be incorporated in surgical and physician refresher train-
ing after deployment. These, in combination with a knowl-
edge assessment tool or test, are also being considered by 
state medical boards when evaluating physicians returning to 
practice after administrative jobs or other prolonged absences 
from clinical care. For these purposes, the instruction and 
evaluation phase must include both technical and cognitive 
portions, as well as hybrid scenarios where both critical think-
ing and precise execution of skills are performed.      

   What We Do Well: The Army Medical 
Department Center and School, the Central 
Simulation Committee, and Medical Simulation 
Training Centers 

 The military, in general, has been at the forefront of perfor-
mance-based standardized courses for decades. Military train-
ing relies heavily on the achievement of speci fi c  step-by-step 
performance objectives. General military assessment is fairly 
straightforward. It is a pass/fail model. Passing implies that the 
trainee accomplished all tasks necessary in the correct order. 

a

cb

  Fig. 27.8    ( a ) Team management of multiply injured simulated patient (Laerdal SimMan) at point of injury and ( b ,  c ) Caesar, a wireless, tetherless 
mannequin simulator by CAE (Photo courtesy of CAE Healthcare ©2012 CAE Healthcare)       
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a b
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  Fig. 27.9    ( a ) Cut    Suit with simulated chest wounds in hyperrealistic 
environment, ( b ) Cut Suit with simulated leg wounds, ( c ) Cut Suit with 
pneumothorax needle decompression capability ( d ) and chest tube 
placement, ( e ) Cut Suit with tracheostomy placement, ( f ) Cut Suit with 

simulated hyperrealistic resuscitative, intraoperative abdominal sur-
gery, and ( g ) thoracotomy using the Cut Suit at a Marine Forward 
Resuscitative Surgical Suite (FRSS) team exercise (Photos courtesy of 
Strategic Operations, Inc.)       
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Omitting steps or deviating from the accepted correct order 
results in failure and may require a trainee to either repeat the 
entire course, or worse, be dismissed without attaining 
certi fi cation. This traditional model places the onus of sus-
tained competence on the individual or on the unit, without a 
centralized mechanism for maintenance of certi fi cation. This 
has all changed signi fi cantly in the last 2 decades. 

   The Army Medical Department Center 
and School (AMEDD C&S) 

 Known as the “School House” throughout the Army Medical 
Department and colocated with Brooke Army Medical Center 
in San Antonio, TX, this is the place where standardized 

   Table 27.2    Medical procedures currently available on the Cut Suit   

 Extremity tourniquet application and hemorrhage control 
 Extremity arterial hemorrhage clamping 
 Needle and surgical cricothyroidotomy 
 Bilateral chest needle thoracentesis 
 Surgical chest tube thoracotomy 
 Surgical incisions to the thoracic and abdominal cavity with venous 
bleeding 
 Thoracotomy and intrathoracic exploration and hemorrhage control 
of gross organ structures 
 Laparotomy and intra-abdominal exploration and hemorrhage 
control of gross organ structures 
 Suturing or stapling of gross organs and skin in all locations 
 Urinary catheterization and bladder tap 
 Peripheral IV access 

   Source :   http://www.strategic-operations.com/products/cut-suit      

a

b c

  Fig. 27.10    ( a ) Hyperrealistic battle scene with pyrotechnics and ( b ,  c ) causalities (Photos courtesy of Strategic Operations, Inc.)       

 

http://www.strategic-operations.com/products/cut-suit
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 curricula are  fi nalized and put into a format enabling rollout 
to the rest of the Army and the Department of Defense. It is 
the largest medical education and training center in the world, 
graduating over 35,000 students per year from various 
courses, schools, and certifying programs. Simulation here is 
the norm—and has been for decades. As in combat arms, the 
AMMED C&S injects simulation at every level—from the 
individual skills of combat medic training using part-task 
trainers and sophisticated wireless mannequins to force-on-
force tabletop computerized war gaming scenarios that 
involve leadership teams guiding implementation of combat 
support hospitals and other health service support units into 
battles and humanitarian disaster relief efforts.  

   The Central Simulation Committee 

 Graduate medical education is strictly governed by the 
ACGME and each specialty’s residency review committee, 

and this governance is stovepiped into each institution’s 
 individual residency teaching programs. While each resi-
dency, nursing specialty course, and technologist course have 
caseload and knowledge requirements for performance, all 
share similar working environments and “practice” subjects—
the patients. Hospital simulation centers provide assets and 
curricula that cross between these program boundaries, the 
most obvious of which are the mannequin simulators, funda-
mentals of laparoscopic surgery MISTELs trainers, and other 
virtual reality laparoscopic/endoscopic simulators that can be 
used by urology, general surgery, OB/GYN, family practice, 
internal medicine, cardiology, and gastroenterology to name 
a few. This multidisciplinary approach also allows the 
Department of Defense to address issues corporately such as 
catheter-related central line blood stream infections, of which 
the standard central line curriculum is an excellent example. 

 Funding equipment centrally through a system-wide 
approach also allows for the oversight on where to place 
simulation assets, as some of the simulators can cost in the 
hundreds of thousands of dollars. Each facility in the Army 
to include USUHS has at least three to four members on the 
committee as either the director of the center, the graduate 

a

b

  Fig. 27.11    ( a ) Evacuation platform simulators are used for practicing 
loading and unloading of patients and ( b ) in- fl ight care, where aircraft 
vibration and noise conditions are replicated       

  Fig. 27.12    STAT (Surgical Team Assessment Training) is used with 
moulaged simulated casualties during lulls in action in Iraq. Note the 
formal assessment document in the forefront that is used to insure that 
unit and personnel readiness goals are met       
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medical education director, the administrator of each center 
or the technical expert (and in many cases, all four of those 
represent the education centers). Each hospital’s director is 
part of the graduate education committee at each center as 
well so that they have oversight of the needs of the speci fi c 
residency or fellowship programs. This allows for top-down 
oversight and accountability of equipment needs and use as 
well as bottom-up requests from the users and students. 
Providing a common core management and administrative 
framework with a de fi ned budget is essential for a large 
organization.  

   Medical Simulation Training Centers 

 There was a gap in the wartime experience of line medics 
(those frontline medical care providers who are equivalent to 
emergency medical technicians (EMTs) and paramedics) at 

the beginning of the War on Terrorism. While combat arm 
(infantry, armor,  fi eld artillery) speci fi c units have always 
had huge simulation assets, there was a paucity of facilities 
and resources dedicated to training medical personnel on an 
ongoing basis. That has changed now as every large base has 
a medical training simulation center, known as the MSTC 
(pronounced “mistic”). MSTCs conduct EMT, paramedic, 
and lifesaving combat skills training and maintenance of 
certi fi cation, in addition to standardized pre-deployment 
training of line unit medics, nurses, and physician assistants. 
MSTCs are the key element in keeping US Army medics up 
to date on vital combat and noncombat lifesaving skills.  

   Navy, Air Force, and Marine Medical 
Simulation Training 

 US Navy Medicine also has a central simulation committee 
very similar to the Army’s version. In combination with the 
marines and Strategic Operations, Inc., they have conducted 

a

b

  Fig. 27.13    ( a ) Fundamentals of laparoscopic surgery skills practice 
and ( b ) surgeons practicing bariatric surgery (sleeve gastrectomy) after 
returning from deployment using actual OR instruments and a stomach 
and intestinal model manufactured by Simulab       

a

b

c

  Fig. 27.14    Surgical simulator Chloe™ from Gaumard: ( a ) abdominal 
incision, ( b ) surgery, and ( c ) skin closure (Photo courtesy of Gaumard 
Scienti fi c 2012. All rights reserved)       
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some of the most exciting and realistic combat trauma train-
ing to date, combining line units on patrol through 
“Hollywood”-staged sets, full of special effects, and casualty 
scenarios including evacuation protocols back to surgical 
elements. The US Air Force equivalent to the Army’s CSC is 
the Air Force Medical Modeling and Simulation Training 
(AFMAST) program. This program has ten Centers of 
Excellence at major bases throughout the world, each being 
responsible for subordinate units for simulation-based medi-
cal training. Another task of the AFMAST is to develop and 
enhance virtual training environments and medical gaming 
models to enhance retention and acquisition of vital medical 
skills.   

   Civilian Comparisons and Applications 

 There are rare similarities to the military deployment cycle 
that can be found in the civilian setting. Volunteer work in 
underserved areas depending on the location and time away 
from practice, physicians and nurses who have entered non-
clinical administrative or leadership roles wishing to return 
to direct patient care and those professionals needing to 
exhibit improved skills due to disciplinary actions prior to 
re-engaging in patient care may also  fi t into this cycle at 
some point. Many states already have physician and nurse 
reentry programs to regain licensure, many of which are 
incorporating simulation for evaluation purposes.  

   Conclusion 

 Simulation in both military and civilian medical practice 
relies on curricula-based simulation platforms that involve a 
variety of techniques and technologies including part-task 
training, hybrid teaching models, and immersive environ-
ments that include corporately managed education centers to 
insure ef fi cient and timely acquisition and maintenance of 
vital and perishable patient care skills. While we have not 
measured the skill decay in seasoned providers, cycling from 
deployed  environments to US-based practices allows for 
unique training opportunities and the need for multidisci-
plinary and inter- professional simulation-based curricula to 
refresh and enhance skills for maximal performance. When 
injected ef fi ciently into this cycle, the roll of simulation will 
continue to expand into frontiers unseen.      

   References 

    1.    Place RJ, Porter CA, Azarow K, Beitler AL. Trauma experience 
comparison of army forward surgical team surgeons at Ben Taub 
Hospital and Madigan Army Medical Center(2)(2). Curr Surg. 
2001;58(1):90–3.  

    2.   Jennings J. Humvee rollover trainer: an of fi cers quest to save lives 
on the battle fi eld. Professional Safety. 24–30 July 2010. Available 
from:   http://www.asse.org/professionalsafety/docs/F1Jenni_0710.
pdf    . Cited 4 Mar 2012.  

    3.    Cassel CK, Reuben DB. Specialization, subspecialization, and sub-
subspecialization in internal medicine. N Engl J Med. 2011;364(12): 
1169–73.  

    4.    Deering SH, Rush Jr RM, Lesperance RN, Roth BJ. Perceived 
effects of deployments on surgeon and physician skills in the US 
Army Medical Department. Am J Surg. 2011;201(5):666–72.  

    5.    Mitchell KB, Tarpley MJ, Tarpley JL, Casey KM. Elective global 
surgery rotations for residents: a call for cooperation and consor-
tium. World J Surg. 2011;35(12):2617–24.  

    6.    Ozgediz D, Chu K, Ford N, Dubowitz G, Bedada AG, Azzie G, 
et al. Surgery in global health delivery. Mt Sinai J Med. 
2011;78(3):327–41.  

    7.    Riviello R, Ozgediz D, Hsia RY, Azzie G, Newton M, Tarpley J. 
Role of collaborative academic partnerships in surgical training, 
education, and provision. World J Surg. 2010;34(3):459–65.  

    8.    Rush Jr RM, Stockmaster NR, Stinger HK, Arrington ED, Devine 
JG, Atteberry L, et al. Supporting the Global War on Terror: a tale 
of two campaigns featuring the 250th Forward Surgical Team 
(Airborne). Am J Surg. 2005;189(5):564–70.  

    9.    Place RJ, Rush Jr RM, Arrington ED. Forward surgical team (FST) 
workload in a special operations environment: the 250th FST in 
Operation ENDURING FREEDOM. Curr Surg. 2003;60(4):
418–22.  

    10.    Causey M, Rush Jr RM, Kjorstad RJ, Sebesta JA. Factors in fl uencing 
humanitarian care and the treatment of local patients within the 
deployed military medical system: casualty referral limitations. Am 
J Surg. 2012;203(5):574–7.  

    11.   Strategic Operations website.   http://www.strategic-operations.
com/    . Assessed 23 Aug 2012.  

    12.    Sohn VY, Runser LA, Puntel RA, Sebesta JA, Beekley AC, Theis 
JL, et al. Training physicians for combat casualty care on the mod-
ern battle fi eld. J Surg Educ. 2007;64(4):199–203.  

    13.    Sohn VY, Miller JP, Koeller CA, Gibson SO, Azarow KS, Myers 
JB, et al. From the combat medic to the forward surgical team: the 
Madigan model for improving trauma readiness of brigade combat 
teams  fi ghting the Global War on Terror. J Surg Res. 2007;138(1): 
25–31.  

    14.    Sohn VY, Eckert MJ, Martin MJ, Arthurs ZM, Perry JR, Beekley A, 
et al. Ef fi cacy of three topical hemostatic agents applied by medics 
in a lethal groin injury model. J Surg Res. 2009;154(2):258–61.  

    15.    Pereira BM, Ryan ML, Ogilvie MP, Gomez-Rodriguez JC, 
McAndrew P, Garcia GD, et al. Predeployment mass casualty and 
clinical trauma training for US Army forward surgical teams. 
J Craniofac Surg. 2010;21(4):982–6.  

    16.      Schulman CI, Graygo J, Wilson K, Robinson DB, Garcia G, 
Augenstein J. Training forward surgical teams: do military-civilian 
collaborations work? US Army Med Dep J. 2010;17–21.      

http://www.asse.org/professionalsafety/docs/F1Jenni_0710.pdf
http://www.asse.org/professionalsafety/docs/F1Jenni_0710.pdf
http://www.strategic-operations.com/
http://www.strategic-operations.com/


415A.I. Levine et al. (eds.), The Comprehensive Textbook of Healthcare Simulation, 
DOI 10.1007/978-1-4614-5993-4_28, © Springer Science+Business Media New York 2013

   Introduction 

 For over 100 years, observational learning has been the pillar 
of surgical education. The exponential growth of information 
technologies in recent decades has fueled a revolution in 
training in diverse  fi elds, and medical education has been a 
major benefactor of this revolution. Recently, due to work 
hour restrictions, cost of operating room (OR) time, and con-
cern for patient safety, neurosurgery resident training pro-
grams have come under increasing pressure to impart the 
necessary skills needed to perform competently as practicing 
surgeons. Given access to rapidly advancing simulation and 
virtual reality technology, there is increasing interest in 
developing neurosurgical simulation technologies to enhance 
surgical skill acquisition and pro fi ciency. 

 Practicing neurological surgery requires consistent prep-
aration in order to re fi ne the necessary coordinated motor 
skills. Historically, the most widely accepted method for 
training and pro fi ciency was to participate in as many sur-
geries as possible. This approach, however, poses a number 
of challenges to the healthcare team and can increase the 
risk of complications for the patient. For residents, learning 
new techniques requires one-on-one instruction, a practice 
that is limited by the number of instructors, the number of 
cases, and, more often, the amount of time available for 
learning. For the patient, intraoperative teaching during sur-
gery results in a longer procedure and increases the period of 
time the patient remains under anesthesia, which can increase 
the overall risk to the patient. Mistakes made by surgical 
trainees can have catastrophic consequences. A controlled 

environment, such as a virtual reality (VR) simulator, allows 
surgeons the ability to practice their skills and learn through 
trial and error without fear of harm to a patient. New tech-
nologies offer a reliable means to safely and con fi dently 
re fi ne surgical skills and learn advanced techniques while 
also decreasing the number of poor outcomes for the patient. 
Whether via stereolithographic modeling  [  1,   2  ]  or virtual 
reality (VR)  [  3–  9  ] , hospitals throughout the world are turn-
ing to these rapidly advancing technologies to both help 
teach basic skills to young surgeons and new techniques to 
established neurosurgeons. Following the training model for 
commercial airline pilots, VR simulators have been devel-
oped and made available to train for endoscope-based proce-
dures as well as endovascular treatments and other specialized 
interventions. Recently, VR simulators have been developed 
to model complex neurosurgical procedures including tumor 
debulking and cauterization  [  5  ] , ventriculostomy  [  3,   10–  14  ] , 
aneurysm clipping  [  2  ] , brain retraction modeling  [  4–  6  ] , skull 
base surgery  [  15  ] , and endoscopic transsphenoidal pituitary 
surgery  [  16  ] .  

   Simulation for Preoperative Planning 

 Preoperative planning is a crucial component of every oper-
ation. This is especially true for neurosurgical procedures. 
Neurosurgeons address complex and small-scale anatomy, 
with overlapping structures in three dimensions, both in the 
brain and spinal cord. Complex cranial and spine surgeries 
cannot be approached from a simple two-dimensional per-
spective that is characterized by standard imaging tech-
niques such as CT and MRI display modalities. Therefore, 
computer-based visualization systems and VR systems that 
integrate standard patient imaging to create easily manipu-
lated, three-dimensional (3D) representations of patient data 
are invaluable tools in order to optimize patient care. 
Neurosurgeons can plan the most effective surgical approach 
by creating 3D images that can be manipulated in a VR 
environment prior to operating, allowing them to fully 
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understand the consequences of the proposed surgical inter-
vention on the surgical targets and surrounding viable tissues. 

   Interactive 3D Visualization 

 In the last 20 years, various computer-based systems have been 
developed to make preoperative planning easier, thus helping 
create bene fi cial patient outcomes. At the basic level is the 
University of Virginia’s “Props” interface  [  17  ]  and Netra  [  18  ] . 
These two systems incorporate a 3D user interface with a two-
handed physical manipulation system. Essentially, the user 
controls one object with each hand, typically a miniature head 
in one hand and a variety of tools, such as a cross-sectioning 
plane or a stylus, in the other. Depending on the orientation of 
the two objects in the user’s hands, the on-screen images are 
digitally manipulated to correspond with the physical objects 
in the user’s hands. For example, if the user holds the manne-
quin head in one hand and the cross-sectioning plane tool in 
the other, the patient’s diagnostic image displayed on screen 
will show a slice corresponding to the directionality of the cut-
ting plane that the user selected (Fig.  28.1 ).  

 New technologies have emerged from the “Props” inter-
face and Netra that not only offer the ability to physically 
manipulate objects in space but also incorporate immersive 
VR systems. These new systems allow for computer-based 
head-tracking as well as the physical manipulation of objects 
and tools. Stoakley et al.  [  19  ]  introduced a system called 
“Words in Miniature (WIM)” that offers a second dynamic 
viewport that allows for manipulation via head-tracking. 
Now, not only can the user operate on-screen images through 
physical manipulation of objects in space but he or she can 
also control images through simple head motions (Fig.  28.2 ).  

 Stereotactic surgery is one area of neurosurgery in which 
preoperative planning is critical for a successful outcome. 
The ability to precisely calculate and localize surgical coor-
dinates is paramount to successful stereotactic, frame-based 
functional neurosurgery. The  fi rst product introduced for 
this purpose was StereoPlan by Radionics (now Integra 
LifeSciences). Integra has numerous commercially available 
products  [  20  ]  to aid functional neurosurgeons in their preop-
erative planning. These systems not only provide precise 
coordinate information but also have the ability to incorpo-
rate multiple image sets together, provide multiple measure-
ment lines, and afford the surgeon the ability to track the 
entire trajectory through the anatomy that will be encoun-
tered during surgery. Therefore, a more complete analysis of 
patient data is possible, and multiple surgical approaches can 
be rehearsed and considered. 

 Adams and Wilson  [  21  ]  developed a 3D simulation model 
of the cerebral ventricular system using commercially avail-
able computer software. This model was developed for the 
purposes of neuroanatomical education; however, it can also 
be applied for preoperative planning purposes. The team’s 

main concern was that most anatomical education is based 
on either 2D images or on artist renderings of what the 
“ideal” brain should look like. Consequently, they developed 
a virtual anatomical model based on postmortem MRI analy-
sis to develop an anatomically accurate ventricular and cere-
bral model. This model can be projected stereoscopically to 
allow the user a more realistic setting in which they view and 
manipulate the structures. In addition to the anatomical 
structures, Adams et al. modeled the  fl ow of CSF through the 
ventricular system. These two abilities not only allow for 

  Fig. 28.1    The simulator interface allows neurosurgeons to explore a 
3D MRI scan of a patient’s brain during presurgical planning. From the 
surgeon’s perspective, the interface is analogous to holding a miniature 
head in one hand which can be “sliced open” or “pointed to” using a 
cross-sectioning plane or a stylus tool, respectively, held in the other 
hand (Reprinted from Publication Hinckley et al.  [  17  ] . With permission 
from IOS Press)       

  Fig. 28.2    Immersive VR system. The WIM graphics attached to the 
clipboard are a miniature copy of all the surrounding graphics in the 
immersive environment. Each of the objects in the WIM copy is tied to 
their counterparts in the immersive environment through pointers and 
vice versa at the point of WIM creation. The user can manipulate the 
objects in the WIM, and the objects in the world will follow (Reprinted 
from Stoakley et al.  [  19  ] . With permission ACM Press/Addison-Wesley 
Publishing Co.)       
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proper education on relevant anatomy but can be used for 
successful preoperative planning. Using accurate models 
gives the surgeon the ability to create 3D models of abnor-
mal anatomy such as shifted or slit ventricles and abnormal 
CSF  fl ow as seen in noncommunicating hydrocephalus. This 
system provides a very good preoperative planning model 
for diseases involving the ventricular system. 

 Additionally, two other high- fi delity VR simulators are 
available that greatly improve the ability of the surgeon to 
plan preoperatively. The Virtual Workbench  [  22  ]  and the 
Dextroscope  [  23  ]  create a very  fl uid, 3D representation of 
patient data that is easily manipulated, allowing the surgeon 
to visualize patient anatomy in any orientation before operat-
ing. Although these systems are modeled on the binocular 
microscope, they remain “hands-on” in a way that micro-
scopes cannot. Because of the binocular glass platform, users 
control the system with their hands and 3D images co-local-
ized in the same position in real time. Consequently, the VR 
simulation mirrors that of a true OR situation. These systems 
are designed to incorporate and fuse together multiple patient 
image sets (magnetic resonance imaging, magnetic reso-
nance angiography and venography, and computed tomogra-
phy) so that a 3D representation of patient data is created. As 
a result, the user has the ability to manipulate this 3D model 
in real time and visualize the exact anatomy that will be 
encountered during the surgical procedure (Fig.  28.3 ). 
Without these VR systems, users are forced to plan proce-
dures using standard techniques of looking at patient images 
in a two-dimensional, slice-by-slice fashion. Both the Virtual 
Workbench and the Dextroscope eliminate this problem by 
integrating all relevant data, ultimately presenting the sur-
geon with as complete a picture as possible. Users    of this 
technology believe that this is helpful in the surgical plan-
ning, which is an abstract process that relies mainly on 

 displaying and viewing certain key structures, combined 
with an ability to interact with those structures quickly and 
intuitively. Yet    there is no data that rehearsing of the actual 
surgery was bene fi cial in decreasing the complication rates 
or shortening the surgical procedure. At this point this surgi-
cal planning software is still experimental and is mostly used 
in group conferences and teaching courses  [  24–  26  ] .  

 The potential advantages of these products are that they 
afford surgeons the ability to see all potential complications 
of surgery before actually operating. Users have the ability to 
plan the best surgical approach for each patient without fac-
ing concerns about the problems that may arise during sur-
gery. As a result, intraoperative mistakes can be minimized, 
operating time can be reduced, and the overall safety of the 
patient can be ensured. Because this  fi eld is in its infancy, 
there is no data to support this potential bene fi t.  

   Stereolithographic Modeling 

 In addition to all of the VR simulation systems developed for 
preoperative planning, a more simplistic approach can also 
be utilized: stereolithographic modeling (Fig.  28.4 )  [  1,   2  ] . 
This procedure has been used to model cerebral vasculature 
for the study of aneurysms and its application in microsurgi-
cal clipping. Physical modeling, though not as comprehen-
sive as VR simulation, provides a few unique bene fi ts for 
preoperative planning that VR simulation does not. First, it 
provides a physical model of patient data that surgeons can 
use for multiple purposes, one of which is to explain the 
complexities and intricacies of the procedure to the patient 
and their families. Because neurosurgical procedures tend to 
be very complex, it is dif fi cult for the surgeon to explain the 
intricacies of the operation to patients and families. However, 
by having a physical model that a surgeon can manipulate, 
patient and family education becomes much easier, and any 
confusion the patient may have is inevitably reduced. 
Additionally, this type of modeling allows the surgeon to 
practice aneurysm clipping and aides in the process of choos-
ing what surgical clip or clips will be appropriate for suc-
cessful treatment.  

 Despite the bene fi ts of stereolithography, many disadvan-
tages remain in using this technique: primarily the 
in fl exibility of the material used to create the model. 
Researchers have yet to  fi nd a model that realistically resem-
bles in vivo vasculature – most of the material currently in 
use is frequently too rigid to approximate real human tissue. 
Consequently, preoperative planning is dif fi cult because the 
surgeon does not have a completely realistic model on which 
to practice technique. Additionally, the process of making 
these models is both costly and time consuming. As the 
manufacturing process takes 3–7 days  [  2  ] , it would take too 
long to create patient-speci fi c models even if the equipment 
was on site. Additionally, since cerebral aneurysms are very 

  Fig. 28.3    Working with the Dextroscope, the user’s hands are collo-
cated with the virtual stereoscopic objects displayed as a re fl ection 
behind a mirror (Reprinted from Kockro et al.  [  24  ] . With kind permis-
sion from Wolters Kluwer Health)       
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unpredictable and ruptured aneurysms require emergency 
surgery, there is not enough time to create a planning model 
prior to surgery. While these models are bene fi cial for select 
purposes, mainly patient education, their overall usefulness 
is questionable until new models can be developed that both 
approximate human tissue more appropriately and take 
signi fi cantly less time to manufacture. Because there are no 
virtual reality aneurysm clipping modules available at this 
point, there are no comparative results to evaluate these two 
techniques.   

   Reality Training Applications 

 As stated above, preoperative planning is, without question, 
a fundamental part of any operation. However, when the time 
arrives for surgical execution, no amount of planning can 
compensate for an untrained, inexperienced surgeon. Various 
restrictions on work hours and clinical obligations can limit 
residents’ training time and make new techniques necessary 
to help teach residents and allow established surgeons to 
practice and hone their skills. Simulation provides surgeons 
with a new immersive VR world that not only simulates 
patient data in 3D but provides tactile feedback to the system 
user. This affords the surgeons the ability to manipulate 
patient data as well as “perform” the operation using the 
immersive VR simulator. Therefore, the user feels as if he or 
she is actually performing the operation because the VR sim-
ulator provides both visual and haptic sensory feedback. The 

main requirements of a good VR simulator are that the user 
not only has a realistic sense of the visual world in which 
they will be working but also has appropriate tactile feed-
back that simulates a real operation. To date, many systems 
(Table  28.1 ) are available that provide a good approximation 
of real neurosurgery via VR simulation.  

   Ventriculostomy 

 In 2006, Luciano et al.  [  3  ]  developed what is perhaps the 
most widely used VR simulator for ventriculostomy: 
ImmersiveTouch. It is an augmented VR system and is the 
 fi rst of its kind to integrate a haptic device with a high- 
resolution stereoscopic display. The haptic device includes 
both head- and hand-tracking capabilities. Therefore, the 

  Fig. 28.4    Photographs of an MCA aneurysm clipping model. ( a ,  b ) different MCA aneurysm  models detailed view of the aneurysm with the 
parent and branching vessels (Reprinted from Wurm et al.  [  1  ] . With kind permission from JNS publishing group)       

   Table 28.1    A list of the virtual environments discussed in this 
chapter   

 Author  Year  VR  Surgical modules 

 Burtscher  1999  3D virtual images  Virtual endoscopy 
 Luciano  2005  Tactile haptics  Ventriculostomy 
 Chui  2006  Tactile haptics  Vertebroplasty 
 Tsang  2008  Tactile haptics  Endovascular surgery 
 Schulze  2008  2D visual  Endoscopy 
 Banerjee  2011  Tactile haptics  Thoracic pedicle screw 

placement 
 Delorme  2012  Tactile haptics  Craniotomy and tumor 

debulking/cauterization 
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user can control the on-screen images by either manipulating 
the hand controllers or by moving their head in space. This 
approximates real OR situations where the surgeon has the 
ability to do both of these maneuvers: manipulate surgical 
instruments and position his or her body and head in space to 
best visualize the surgical  fi eld. The haptic system was devel-
oped to provide multiple sensory modalities including visual, 
aural, tactile, and kinesthetic. Additionally, the system was 
developed so that different tissue types (e.g., CSF, paren-
chyma, ependymal lining) provide different haptic feedback 
responses. As a result, the user receives feedback similar to 
that in real  surgery (Figs.  28.5  and  28.6 ).   

 In theory, ImmersiveTouch could be used for many differ-
ent types of surgical interventions, but the device was vali-
dated for a simple ventriculostomy procedure that is often 

learned during the  fi rst year of residency. Luciano et al.  [  3  ]  
used patient data to develop a VR module based upon normal 
anatomy and had neurosurgery faculty, residents, and medi-
cal students test the system. All of the users found the plat-
form to have realistic visual, tactile, and handling 
characteristics. Additionally, it was found to be a viable 
alternative to standard training. Lemole et al.  [  13  ]  sought to 
prove that the system could be used with abnormal anatomy 
as well. After several attempts, ImmersiveTouch users were 
able to properly cannulate the abnormal virtual ventricle 
demonstrating proof of concept in a different spectrum of 
pathological scenarios. 

 Additionally, ImmersiveTouch was tested and validated by 
neurosurgery residents on numerous occasions  [  13,   14,   27  ] , 
all of which validated the use of VR simulators. At the 2006 
annual meeting of the American Association of Neurological 
Surgeons (AANS), 78 neurosurgical fellows and residents 
were tested on ImmersiveTouch during the 3-day-long Top 
Gun competition. ImmersiveTouch was used to demonstrate 
VR simulation of ventriculostomy. Banerjee et al.  [  14  ]  showed 
that the ImmersiveTouch system allowed for accurate catheter 
placement that is comparable to retrospective evaluation of 
freehand ventriculostomy catheter placement as measured by 
mean distance of catheter tip from the foramen of Monro. 

 Furthermore, VR simulators have been used for train-
ing of catheter placement in abnormal ventricle anatomy 
 [  27  ] . Yudkowsky et al.  [  27  ]  demonstrated, via the use of 
multiple image libraries, that ImmersiveTouch was a 
bene fi cial system for ventriculostomy training. They tested 
neurosurgery residents’ ability to successfully place a ven-
tricular catheter into normal, shifted, and slit ventricles 
using image libraries derived from patient data. Residents 
were allowed to practice on the ImmersiveTouch system 
with each type of ventricle before being tested with novel 
image libraries.    Yudkowsky et al.  [  27  ]  demonstrate that 
not only did practice on the ImmersiveTouch improve the 
residents’ ability to successfully place catheters on the 
simulation post-intervention but also that residents’ live-
procedure outcomes showed improvement in the rate of 
successful cannulation on  fi rst pass. Residents felt that 
ImmersiveTouch provided appropriate tactile feedback 
and that it was a realistic alternative to actual ventriculos-
tomy procedures.  

   Spinal Applications 

 One area of neurosurgery in which VR simulation would 
greatly bene fi t is spinal procedures. These include, but are 
not limited to, vertebroplasty  [  28  ] , pedicle screw placement 
during fusion surgery  [  29  ] , and spinal cord stimulation  [  30  ] . 
Properly executed vertebroplasty requires the surgeon to rely 
on both sight and touch. The critical step in this procedure is 

  Fig. 28.5    A ventriculostomy simulation. The trainee is inserting the 
ventricular catheter according to skull landmarks. A virtual cranial win-
dow is shown to check the location of the tip of the ventricular catheter 
(Image courtesy of ImmersiveTouch)       

  Fig. 28.6    Checking the location of the ventricular catheter at the end 
of the procedure. The catheter color changes  green  if the tip is within 
the ventricular system (Image courtesy of ImmersiveTouch)       
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the injection of polymethylmethacrylate (PMMA) into the 
vertebra. Incorrect injection or re fl ux of PMMA can have 
very harmful clinical consequences for the patient. Therefore, 
if a surgeon trains for this procedure using a VR simulator, 
surgical errors can be minimized. Chui et al.  [  28  ]  developed 
the Immersion CyberGrasp – a VR system designed to simu-
late PMMA injections during surgery. Utilizing patient CT 
images and a specially designed glove, surgeons can simu-
late the injection technique with appropriate haptic feedback. 
The glove is designed to provide realistic variable resistance 
felt during needle injection. All these elements together pro-
vide a realistic VR simulation. 

 Discussed above for its applications in ventriculostomy, 
Luciano et al.  [  29  ]  recently described the use of their 
ImmersiveTouch system for thoracic pedicle screw place-
ment. The system allows the user to continuously monitor 
drill projection via anterior/posterior, transverse, and lateral 
 fl uoroscopic views (Figs.  28.7  and  28.8 ). For more advanced 
training, the user can also turn the different views off. 
Additionally, ImmersiveTouch provides haptic feedback and 
vibration feedback to represent the natural vibration of the 
drill with corresponding changes in vibration feedback 
depending on the speed of the drill. Furthermore, like the 
Top Gun competition held at the 2006 AANS annual meet-
ing, another competition was held at the 2009 AANS annual 
meeting in which thoracic pedicle screw placement was one 
of the tasks that residents and fellows had to perform. Luciano 
et al.  [  29  ]  described the results from the ImmersiveTouch 
system and showed that accuracy of thoracic pedicle screw 
placement using the ImmersiveTouch system correlated with 
actual placement via a retrospective evaluation of OR screw 
placements.   

 In addition to vertebroplasty and pedicle screw place-
ment, there is a commercially available VR simulation sys-
tem from SimSuite, called Neurostimulation Simulator  [  30  ] , 
that is used for the simulation of spinal cord stimulator 
 placement. This system offers many features that allow for 
the most realistic simulation setting as possible. Among 
other features, it includes the following: virtual  fl uoroscopy 
for 3D needle tracking, the ability to manipulate needle and 
lead wire, programmable complications including addition 
of scar tissue and gutter complication, and allows for sutur-
ing practice. Additionally, it provides haptic feedback for all 
procedure simulations and gives the user the ability to map 
the spinal cord to optimize pain management.  

   Endoscopy 

 Endoscope-based procedures are becoming more and more 
common as they provide signi fi cant advantages over more tra-
ditional procedures. A disadvantage to this approach, however, 
is that the surgeon has a limited surgical  fi eld and relies upon 

projected images to guide the surgery. Because of the restricted 
tactile feedback and limited motion of endoscopic instruments, 
VR simulation of these procedures is a fairly easy task and has 
proved to be a very popular application of simulated training. 
To date, most VR simulators, for both neurosurgical and non-
neurosurgical applications, relate to some form of endoscopic 
surgery  [  31–  35  ] . The most common application of such a sys-
tem used for neurosurgery is simulation of endonasal transs-
phenoidal pituitary surgery  [  16,   31  ] . 

 Despite the limited use of VR simulators for neurosurgi-
cal procedures, endoscope-based VR simulators have been 
used for numerous other applications mainly those involving 
a laparoscopic approach in urologic surgery  [  9  ] , abdominal 
surgery  [  35  ] , and laparoscopic suturing  [  36  ] . For example, 
McCaslin et al.  [  36  ]  show that after training on a VR simula-
tor, medical students not only become pro fi cient at suturing 
but develop automaticity in the task de fi ned by the ability to 
multitask (pressing a foot pedal after presentation of an 
image on a screen) while suturing. Additionally, these abili-
ties transferred well to a live porcine model of laparoscopic 
suturing. Furthermore, Laguna et al.  [  9  ]  demonstrated that 
VR training improved surgeons’ ability to perform vesico-
urethral suturing, and Devarajan et al.  [  35  ]  showed an 
improved ability to perform laparoscopic cholecystectomy. 
While none of these are neurosurgical procedures, the 
 fi ndings suggest that endoscope-based VR simulators do 
work to train novice surgeons indicating that these systems 
could be applied to neurosurgery residents and fellows.  

   Endovascular Simulation 

 Despite the success of open surgical procedures such as 
microsurgical aneurysm clipping and carotid  endarterectomy, 

  Fig. 28.7    A neurosurgical resident performing a virtual task of a 
pedicular screw instrumentation in a model of thoracic spine. A real-
time virtual X-ray image of the spine is displayed on the screen while 
performing the procedure (Image courtesy of ImmersiveTouch)       
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minimally invasive, endovascular procedures are becoming a 
preferred method of treatment because of the reduced risk 
for complications and the short amount of time they take to 
complete. However, the success of the operation is depen-
dent upon the experience of the operator. Extensive training 
and practice is needed to ensure adequate expertise of the 
surgeon. As such, VR simulation is becoming a more uti-
lized technique for training future interventionalists. 

 Currently, there are several commercially available endo-
vascular simulators, all of which provide haptic, aural, and 
visual feedback. These include the ANGIO Mentor from 
Simbionix  [  37  ] , the VIST training simulator from Mentice 
AB  [  38,   39  ] , and the Simantha system from SimSuite  [  40  ] . 
Training on these devices includes cerebral angiography and 
stenting  [  37,   38  ] , carotid artery angiography and stenting 

 [  39,   41–  45  ] , and endovascular aneurysm coiling  [  38,   40  ]  
(Fig.  28.9 ).  

 Several VR simulators are currently available that focus 
on training surgeons in carotid angiography and stenting. 
Mentice AB offers multiple VR simulator systems, most 
notably the VIST system. This system has the ability to run 
both a carotid intervention program  [  39  ]  and a neuro-inter-
vention program, discussed below  [  38  ] . The carotid inter-
vention program allows for carotid angiography with 
subsequent carotid stenting. Certain cases even allow for the 
application of procedural complications. Based on the larg-
est collection of data to date, Patel et al.  [  43  ]  demonstrated 
that the VIST system from Mentice AB was able to improve 
surgeons’ ability to perform these procedures and was also 
the  fi rst to establish the internal consistency of the VIST sys-
tem and its test-retest reliability across several measured 
metrics. In addition to the Mentice AB systems, Simbionix 
developed the ANGIO Mentor system  [  37  ] , which allows for 
VR training of both carotid applications and neurosurgical 
applications similar to those of the VIST system from 
Mentice AB. The ANGIO Mentor allows for training in 
carotid angiography and stenting as well intracranial aneu-
rysm coiling and intracranial stenosis stenting. 

 Paramount to neurosurgeons is the endovascular simula-
tion options for neurosurgical interventions. Generally, 
these should include cerebral angiography and stenting as 
well as cerebral aneurysm coiling. As mentioned above, 
Mentice AB developed a neuro-intervention program that 
can be run on the VIST system  [  38  ] . The program allows for 
simulation of cerebral angiography and stenting as well as 
intracranial aneurysm coiling. Additionally, SimSuite devel-
oped their Simantha system  [  40  ]  to provide simulation train-
ing for endovascular procedures throughout the body. This 
system can be used for carotid procedures as well as neuro-
surgical procedures including angiography, stenting, and 
aneurysm coiling.  

  Fig. 28.8    A percutaneous model 
for lumbar vertebroplasty. The 
needle is advanced under 
 fl uoroscopic guidance through 
the pedicle into the vertebral 
body. A  fi nal score is given to the 
trainee at the end of the 
procedure (Image courtesy of 
ImmersiveTouch)       

  Fig. 28.9    The Simbionix endovascular simulator used for training for 
various neuro-endovascular techniques (Reprinted from Jason et al. 
 [  46  ] . With kind permission from Elsevier)       
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   Craniotomy, Tumor Debulking, and Tumor 
Cauterization 

 The newest, and perhaps most comprehensive VR simulator 
to date, is the NeuroTouch system developed by Delorme 
et al.  [  5  ]  in 2012. This system is designed to simulate 
 craniotomy-based procedures and is currently limited to 
simulating two tasks: tumor debulking and tumor cauteriza-
tion (Fig.  28.10 ). This system not only incorporates the 
most advanced 3D representations of anatomical imaging 
but also allows the use of multiple handheld instruments 
(surgical aspirator, CUSA, bipolar, and microscissors) and 
realistically simulates human tissues. Realistic tissues are 
displayed on all visible surfaces and are also displayed on 
new surfaces following tissue removal. Furthermore, vascu-
lature is represented as distinct textures on the surface of 
the image and throughout the tissue volume, brain and 
tumor surface pulsate to represent basal heartbeat, and 
blood oozes a rate proportional to the size of the blood ves-
sel supplying the surrounding tissue. In addition to deform-
able tissue, surgical drapes, skin, cranium, dura, and surgical 
hooks are all represented as rigid and  fi xed. Additionally, 
NeuroTouch approximates a true OR setting better than any 
other system now in use. All these components make the 
NeuroTouch simulation system the most realistic system 
available at this time.  

 There is currently no integrated program of virtual reality 
simulation into neurosurgical residency training. We are in 
the process of developing a virtual reality curriculum of dif-
ferent cranial and spinal modules. Those modules will 
include different procedures like ventriculostomy insertion, 
bone drilling, percutaneous vertebral vertebroplasty, and spi-
nal instrumentation. Junior residents will be exposed to such 
modules before they start their hands-on surgical experience. 

Senior residents will use such modules to re fi ne and improve 
on their surgical skills. Feedback from residents will be used 
to improve on those modules.   

   Conclusions 

 In the last 10 years, surgical training has been challenged by 
both legal and ethical concerns regarding patient safety, work 
hour restrictions, and the cost of operating room time. 
Organizations are requiring surgeons to maintain their skills 
and techniques in addition to learning new and more advanced 
ones to maintain technical competency. Furthermore, in a 
 fi eld such as neurosurgery where the majority of learning is 
done observing more senior surgeons, work hour restrictions 
make it increasingly dif fi cult to learn and master all the nec-
essary surgical techniques. 

 While all of the simulators discussed here provide a new 
approach to training residents, there still remains one impor-
tant question: How does VR training translate to real life, 
surgical situations? The answer, not surprisingly, is that VR 
training has time and again proven to be an  effective alterna-
tive to observational learning and, in some cases, has proven 
to be a more ef fi cient educational system  [  14,   47–  53  ] . 
Therefore, it would seem that VR simulation is the logical 
next step for properly educating neurosurgery residents and 
is an excellent platform from which established faculty can 
practice and maintain their skills.      
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          Introduction 

 High- fi delity patient simulation is utilized in a variety of 
ways in the nursing profession. Students at all levels and in 
all types of educational programs are being exposed to simu-
lated clinical experiences (SCE) as they learn patient care 
and management. While simulation was slow to enter nurs-
ing education, beginning late in the 1990s, simulation use 
took even longer to reach the nurses already practicing in 
healthcare environments. Growth has steadily increased, 
though many nurses and nursing students still lack exposure 
to this valuable teaching strategy. 

 As with most technological advances, the cost of patient 
simulators has decreased over the past decade. The  fi rst sim-
ulators were expensive, with some being over $200,000, 
making their purchase unattainable for most nursing schools. 
Initial use of patient simulators, in the late 1990s and early 
2000s, for nursing education occurred as the result of grant 
programs and visionary leaders. Few other colleges had the 
vision or the money at that time. 

 Many nursing educators were hesitant to move forward 
with adopting simulation technology not only because of the 
cost but also because of the perception of technological 
expertise required to manage the equipment. Early simula-
tors were created with physiological modeling that required 
changes to the software in order to achieve accurate physio-
logical responses. Later models featured programmable vital 
signs but lacked physiological accuracy. Today’s models 
have features of both, potentially diminishing the need for 
extensive facilitator expertise in managing computer pro-
gramming (Figs.  29.1a, b  and  29.2 ).   

 Hospitals are now using patient simulation more  frequently 
with practicing nurses, likely as a result of  publications such 

as the Institute of Medicine’s report  [  1  ] ,  To Err is Human , fol-
lowed in 2003 by  Keeping Patients Safe   [  2  ] . In addition, focus 
on safe patient care through programs such as TeamSTEPPS 
 [  3  ]  and Quality and Safety Education for Nurses (QSEN)  [  4  ]  
furthers the demand for training programs using high- fi delity 
patient simulation. 

 This chapter will focus on the bene fi ts and challenges of 
using high- fi delity patient simulation to educate students and 
staff, assess competency, develop teamwork, enhance com-
munication, and affect patient care outcomes. Examples of 
how simulation is used to facilitate learning at a variety of 
levels will be offered. Immediate research needs and oppor-
tunities will be discussed as nurses continue to work toward 
integration of best practices into their work using patient 
simulation.  

   Overview of Nursing Education 

 While some countries have a standardized curriculum in 
their nursing colleges (e.g., Canada), the USA has a variety 
of methods for nurses to obtain their education. Prelicensure 
nursing programs last 2, 3, or 4 years; however, all graduates 
take the same licensing exam (NCLEX-RN). Curricula are 
approved by each individual State Board of Nursing (SBON) 
and no two schools are required to have the same topic order, 
the same amount of time dedicated to each topic, the same 
number of clinical and observational hours, nor the same 
number of hours in the laboratory environment. In addition, 
each SBON determines how many hours of clinical time can 
be completed utilizing patient simulation. The percentage 
currently ranges from 0 to 50%. This has resulted in confu-
sion among the nursing programs as to how simulation can 
best be used to facilitate learning. It also sets the scene for 
nursing students to receive inequitable education. 

 Countries with standardized curricula do not have the 
problems identi fi ed in the USA; however, there are numer-
ous other concerns that are shared by programs worldwide, 
including access to clinical sites and patients, ability to 
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 perform certain procedures or provide speci fi c cares, nurse, 
and faculty shortages, and the complexity of today’s patients, 
to name but a few. 

 Acute care clinical sites are available at a  fi nite number in 
most communities, with relatively few new hospitals built 
each year. Nursing programs have been pushed to increase 

a

b

  Fig. 29.1    ( a ) CAE Muse software screenshot of main screen interface and ( b ) CAE Muse software screenshot showing respiratory rate adjust-
ment (Photos courtesy of CAE Healthcare ©2012 CAE Healthcare)       
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enrollments to assuage the nursing shortage; however, clini-
cal sites typically limit the number of students that can be on 
each unit at any given time. Novice students tend to be 
assigned clinical hours in the mornings when the majority of 
care and physician interactions occur. As they progress along 
the novice to expert continuum  [  5  ]  and incorporate past 
experiences into their decision-making, they become more 
 fl exible in their thinking and ability to perform skills, allow-
ing the students to be assigned to evening hours and creating 
additional clinical opportunities. Many programs use pre-
ceptors who are hospital staff to guide more advanced stu-
dents so that faculty do not need to be present. The use of 
preceptors and of observational experiences is important due 
to the current nursing faculty shortage, which is concurrent 
to the overall nursing shortage.  

   Nursing Students 

 Students in many programs visit their patient the day before 
providing their care so that they can review the chart; talk 
with the physician, nurses, family, and patient; and learn 
what medications and treatments they will need to under-
stand in order to provide safe care. Unfortunately, it is not 
uncommon for that same patient to be discharged before the 

student returns to provide their care. For the advanced stu-
dent, it may not be dif fi cult to reassign them a new patient 
with a similar condition, for example, a patient who had 
abdominal surgery but for a different reason. It is not that 
easy for the novice student who is very focused on the 
speci fi cs of providing care and is unable to generalize that 
care to patients with similar problems. 

 Nursing students learn psychomotor skills either at the 
beginning of their program of study or at intervals through-
out their program (Figs.  29.3  and  29.4 ).     Once competency is 

  Fig. 29.2    Laerdal 3G screenshot of main screen interface (Photo courtesy of Laerdal Medical. All rights reserved)       

  Fig. 29.3    Laerdal noninvasive blood pressure part-task trainer (Photo 
courtesy of Laerdal Medical. All rights reserved)       
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assessed in the skills laboratory, the student is typically 
allowed to perform those skills under direct supervision of the 
clinical instructor until the instructor deems them safe to per-
form on their own. Sadly, it is not uncommon for students to 
reach the point of graduation without ever having performed 
some skills, such as urinary catheter insertion or nasogastric 
tube insertion, on a live patient. 

 Students are also required to have cardiopulmonary resus-
citation (CPR) certi fi cation before clinically caring for 
patients (Fig.  29.5 ); however, when a crisis does arise, stu-
dents are often asked to leave the patient room to allow for 
the response team to enter or, due to fear or anxiety, remove 
themselves from the situation. Students may be permitted to 
observe but not allowed to participate. Therefore, even the 
most basic of skills may not be performed in school. This 
creates a gap in the expectations of those who hire new 
graduates.  

 In addition to psychomotor skills, there are procedures 
that new graduates are expected to know, but that they are 
often unable to practice in the clinical environment while in 
school. Many hospitals either have electronic health records 
(EHR) or are currently initiating their use. Due to the com-
plexity of the EHR and staff’s perception of the dif fi culty of 
use, many hospitals no longer allow student nurses to docu-
ment care on the EHR. When students are allowed, it is 

dif fi cult to orient them to the EHRs, as they are often differ-
ent at every institution. The same concerns exist with the 
various methods of obtaining and documenting medications, 
particularly narcotics and other scheduled medications. Due 
to the perceived complexity of the variety of systems uti-
lized, students are often not allowed to give medications, or 
if they do, their instructor is expected to sign for them 
(Fig.  29.6 ), which breaks the medication rules in place to 
prevent error and ensure documentation by the correct per-
son. In addition to procedural restrictions, students have also 

  Fig. 29.4    Use of Gaumard Suse S2000 urinary catheterization part-
task trainer (Photo courtesy of Gaumard ®  Scienti fi c 2012. All rights 
reserved)       

  Fig. 29.5    Laerdal Resusci Anne 
CPR-D Simulator (based on one 
of the  fi rst mannequin-based 
simulators) (Photo courtesy of 
Laerdal Medical. All rights 
reserved)       

  Fig. 29.6    IV drug administration through a drug recognition system 
(Laerdal SimMan) (Photo courtesy of Laerdal Medical. All rights 
reserved)       
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been restricted, in some hospitals, for caring for certain 
patients such as pediatric and critical care patients. Other 
schools must send students to facilities over 100 miles away 
to get these specialized experiences.  

 The complexity of today’s acute and chronically ill 
patients is astounding compared to years past 
(Fig.  29.7a–d ). Advances in technology, medications, 
and treatments have been shown to keep people alive 
longer and with more serious illnesses and disease pro-
cesses. Often, the patients who are available to be 
assigned to students are just too ill for those students’ 
level of care provision and capability. The student may 
need to understand advanced pathophysiology and 
 pharmacology that they have yet to learn. The basic 

foundations may not have been laid for the student to 
understand the rationales for the care they are expected 
to give. This has the potential to result in an unsafe situ-
ation for the patient and requires diligence by the faculty 
and staff nurse assigned to the patient.  

 These situations help to explain why faculty and 
employers are concerned about the “gap” in expectations. 
Faculty have reported that graduates are ready to begin 
practice at a generalist level, but the employers of those 
graduates report that their new hires are not ready to care 
for patients  [  6  ] . Various preceptor or internship programs 
have been put in place, but it is not enough and educa-
tors and employers continue to work together to close 
this gap. 

a

c

d

b

  Fig. 29.7    ( a ) Nursing students practicing bedside ICU care using CAE 
METI HPS (Photo courtesy of CAE Healthcare ©2012 CAE Healthcare). 
( b ) Chest tube management using the HPS (Photo courtesy of CAE 
Healthcare ©2012 CAE Healthcare). ( c ) Ventilator care using a 

Gaumard mannequin (Photo courtesy of Gaumard ®  Scienti fi c 2012. All 
rights reserved). ( d ) Use of Sim Man 3G to teach neurologic assessment 
(Photo courtesy of Laerdal Medical. All rights reserved)       
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   Practicing Nurses 

 Practicing nurses have many problems similar to the student 
nurses. Hospitals with IV teams have a core set of nurses who 
become masters at initiating IV therapy, but this may result in 
the remainder of the nurses losing that skill (Fig.  29.8a–b ).  

 Similar results can happen when code teams manage all 
crises, as it is often heard and observed that the  fl oor nurses 
“didn’t know what to do before the team arrived”  [  7  ] . Nurses 
need to be able to quickly identify deterioration in the high-
risk, low-volume patient, but without repetition, the ability to 
recognize problems diminishes  [  8  ]  and it becomes less likely 
that the patient’s problem will be caught in time. 

 The limitations identi fi ed in both the educational and 
practice environments make it clear that the use of patient 
simulation to educate students and nurses is one way to over-
come these major issues and concerns.   

   Facilitating Learning with Simulation 

 The previous discussion lends insight into the challenges of 
nursing education and the dif fi culties to assure adequate 
preparation and repetition before actual clinical encounters. 
Repetition is critical and hones one’s ability to recognize and 
mange clinical situations faster  [  9  ] . These conditions can be 
recreated in the simulated environment and can provide rep-
etition and the opportunity for additional patient manage-
ment experiences. Here we will review the simulation 
technologies and the application for nursing education. 

 There are several types of simulation that are used in 
nursing education to help students understand how to care 
for patients that they may, or may not, encounter in the tra-
ditional clinical environment. These types of simulation 
range from low  fi delity to high  fi delity, dependent upon the 
type of equipment used and the way it is used by the facilita-
tor. The higher the  fi delity, the more realistic the simulation 
encounter. 

   Screen-Based Simulation 

   Web-Based Simulators 
 Second Life ®  (SL) is an interactive virtual web-based envi-
ronment (Chap.   14    ) that uses avatar technology to portray 
patients and colleagues. This virtual environment has been 
used for almost a decade to teach college courses in areas as 
diverse as art to architecture. Medical conferences have been 
held in this realm as well  [  10  ] . However, comparatively little 
has been accomplished using this environment to teach nurs-
ing students or practicing nurses. Primary uses for SL include 
role-playing, collaboration, real-time interaction between 
students and faculty, and alternative environment for simula-
tions  [  11  ] . Aebersold et al.  [  10  ]  suggest that the virtual world 
of SL is an excellent environment in which to explore dan-
gerous scenarios or those that may be dif fi cult to simulate 
realistically. One drawback mentioned was the low  fi delity 
and resolution of graphics in SL. The use of SL by a college 
also requires purchase of an “island” or parcel of land that 
can be password protected, so only students of a particular 
course or program could have access to speci fi c areas. Within 
SL, objects such as furniture, books, and buildings need to be 
created by the user, requiring time to learn and develop. In 
Rogers’  [  12  ]  study of undergraduate nursing students learn-
ing in SL for the  fi rst time, he reported that participants were 
comfortable in the virtual environment, had little dif fi culty 
navigating the environment, and used trial and error methods 
when necessary.  

   Computer-Based Simulators 
 Another type of simulation used in nursing education is 
 computer-based simulation. These simulations are conducted 

a

b

  Fig. 29.8    ( a ) Gaumard IV training arm of Chloe ™  Original Patient 
Care Simulator (Photo courtesy of Gaumard ®  Scienti fi c 2012. All rights 
reserved) and ( b ) Laerdal IV training arm (Photo courtesy of Laerdal 
Medical. All rights reserved)       

 

http://dx.doi.org/10.1007/978-1-4614-5993-4_14


43129 Simulation in Nursing

through interactive multimedia programs that can be accessed 
on a computer. There is typically audio and video, graphics, 
and teaching questions and prompts. A scenario occurs in real 
time, and the learner is expected to manage the patient by using 
nursing judgment or interventions. Feedback is provided 
through the program if an incorrect decision is made  [  13  ] . 
Bonnetain et al.  [  13  ]  studied the impact of learning with 
 computer-based simulation on medical students and found that 
this was a good adjunct for mannequin simulation. Strengths of 
this type of simulation are that the programs tend to be easy to 
access and can be accessed as often as desired, increase knowl-
edge and facilitate critical thinking, pace is set by learner, and 
low cost. Weaknesses are lack of physical interaction, less real-
istic, and it is not experiential learning  [  14  ] .   

   Standardized Patients (SP) 

 Standardized patients (SP) (see Chap.   13    ) are actors trained 
to consistently portray a patient with a speci fi c condition or 
concern when interacting with healthcare students  [  15  ] . 
These actors have been used since 1963, with varying degrees 
of acceptance. Considered high  fi delity, SPs are now com-
monly used in medical and nursing schools, particularly dur-
ing objective structured clinical examination (OSCE). The 
use of the SP helps to maintain consistency in each student’s 
exam; however, there continue to be questions regarding reli-
ability, validity, objectivity, and feasibility of this method of 
testing  [  16  ] . Lack of evidence has led some to challenge 
whether the use of the OSCE with SP is better than other 
methods of assessment, particularly because it is expensive 
and requires signi fi cant resources. Standardized patients 
must be recruited, trained, evaluated, and paid for their ser-
vice. These costs can be substantial. 

 Although these examples of simulated learning method-
ologies are used to varying degrees in programs throughout 

the world, little research has been conducted to determine 
their impact on learning and whether there is demonstrated 
transference to the actual clinical practice.  

   Mannequin-Based Simulation 

   Bene fi ts of Learning with High-Fidelity 
Patient Simulation 
 Mannequin-based (Chap.   15    ) SCEs are created in a manner 
that allows for impact on the psychomotor, cognitive, and 
affective domains. Psychomotor skills can be readily assessed 
during care of the simulated patient. As learners work 
together in small teams, they typically talk about how to 
manage the patient’s care and often make decisions with 
input from the team. As a result of their discussions, the 
facilitator can observe their communication and problem-
solving abilities. The cognitive skills, such as attention, 
memory, logic, and reasoning, can be observed and evalu-
ated. The affective domain, one that is hard to impact by tra-
ditional teaching methods such as lecture, can be impacted 
by how the SCE is developed. 

 Creating situations that challenge the values, motivation, 
and attitudes of the learner will impact the affective domain. 
In simulation, facilitators can create challenges in the psy-
chosocial, spiritual, sociocultural, and developmental 
domains of holistic patient care. These challenges are easily 
created and inexpensive to implement. It is important for 
nurses to understand that patient care is about more than the 
physiological care of the patient. Ways to promote holistic 
patient care are outlined in Table  29.1 .  

 Facilitators can create experiences in which the learners 
care for patients that are not readily available to them in the 
traditional clinical site or are considered “low-volume, high-
risk” patients. These types of patients will vary from facility 
to facility, but can be determined through consultation with 

   Table 29.1    Methods to promote the holistic care of the simulated patient   

 Domain  Props  Patient situation  Learner response 

 Psychosocial  “Mother” at bedside  50-year-old man with ulcerative 
colitis; mother makes all decisions 
and answers all questions 

 Does the learner recognize the relationship as 
dysfunctional? 
 Does the learner attempt to include the patient in 
all decision-making? 

 Spiritual  Religious icon or book at bedside  75-year-old female who has received 
a poor prognosis 

 Does the learner recognize the need to ask if 
spiritual advisor (minister, etc.) should be 
contacted? 

 Sociocultural  Purse on bedside stand  20-year-old female who is being 
discharged with several prescriptions 

 Does the learner consider the  fi nancial impact of 
the prescriptions and seek to understand if the 
patient can afford to  fi ll them? 

 Developmental  Place a picture frame at the 
bedside of a young family with 
three to four children 

 45-year-old construction worker who 
experienced a myocardial infarction 

 Does the learner realize that the patient will likely 
not be able to return to his job? 
 Do they understand the  fi nancial implications? 

 Young mother  14-year-old female who just 
delivered a normal newborn 

 Do learners judge the patient? 

http://dx.doi.org/10.1007/978-1-4614-5993-4_13
http://dx.doi.org/10.1007/978-1-4614-5993-4_15


432 K. Leighton

the quality management department. Simulated patients can 
also be created to ensure that learners care for the most com-
mon types of patients they will care for. Data to determine 
this type of patient can be obtained from the clinical facility. 
Using information gleaned from The Joint Commission and 
other resources, facilitators can create simulated clinical 
experiences that address common errors identi fi ed through 
the root cause analysis procedure. 

 Another bene fi t of learning with patient simulation is that 
the learner, no matter the experience as a student or practitio-
ner, is the nurse who can make decisions without having to 
seek input from the faculty or charge nurse. This allows the 
critical thinking process to play out so that learners can use 
their clinical judgment to provide care based on their own 
knowledge and understanding of the condition being simu-
lated. Care decisions can be allowed to play out, whether 
right or wrong, so that learners can see the impact of their 
decisions on their patient’s outcomes. The debrie fi ng process 
helps the learner to better understand the decisions they made 
and the resulting outcomes. 

 During the SCE, learners have the opportunity to work in 
small teams while collaborating with their peers. Simulations 
for nurses and nursing students occur over varying lengths of 
time, typically from 20 min to 2 h. During this time, the learn-
ers practice organizational and prioritization skills while caring 
for the patient. This is done in a “safe” environment; however, 
many experts question the use of the term safe. While no harm 
comes to real patients and the simulation environment is 

 considered a con fi dential space in which to learn, the learner 
must still perform in front of others and face the results of 
incorrect decisions. Additionally, if the learners are being eval-
uated, the safe environment ceases to exist for them. Caution 
should be used when describing the simulation environment as 
safe to ensure that learners understand this correctly. 

 Another bene fi t of the simulated environment is the abil-
ity to learn about ancillary devices that are necessary for safe 
patient care. An example of this is the electronic health 
record (EHR). There are several EHR products that have 
been designed speci fi cally for use with simulation. As with 
hospital documentation systems, the products have different 
features. It has become increasingly important for faculty to 
ensure that they teach the principles of electronic documen-
tation of patient care, which is the same as paper documenta-
tion. The speci fi cs of a documentation platform will be 
learned during job orientation. This underscores the need for 
EHR use when caring for simulated patients. Practice imple-
menting accurate, timely, and organized patient health infor-
mation will help the student learn how to document, especially 
when opportunities in the traditional clinical environment 
are becoming limited. 

 Lastly, a bene fi t of using simulation lies in creating the 
ability to evaluate competency. Simulators can be pro-
grammed so that the exact same situation can play out for 
each learner (Fig.  29.9 ).  

 Audiovisual systems have improved so that facilitators 
can mark the recording at any time that they want to review 

  Fig. 29.9    Screenshot of preprogrammed scenario using CAE Muse interface (Photo courtesy of CAE Healthcare ©2012 CAE Healthcare)       
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and can also zoom in to see what the learner is doing 
(Fig.  29.10a–b ).  

 Various checklists have been developed for use in com-
petency evaluation, but it continues to be challenging to 
identify tools with established reliability and validity. 
Available tools have been identi fi ed and discussed by 
Kardong-Edgren et al.  [  17  ] .  

   Challenges of Learning with High-Fidelity 
Patient Simulation 
 Several challenges inhibit the use of patient simulation for 
nursing including cost, human resources, and learning the 
technology. The challenges related to cost appear to be decreas-
ing over time as the cost of the technology itself decreases. 
This phenomenon, which is unique to technology, occurs as 
smaller parts become available to do things that used to require 

larger parts and less complicated ways are identi fi ed to man-
age the technology. Compare the  fi rst computer available for a 
person’s home to the abilities of the current smart phone, as an 
example. In addition, simulation is no longer viewed as a fad, 
but as a teaching strategy that is necessary. As such, grant 
money and donations have become focused to this area of edu-
cation. Simulation laboratories and centers are often seen now 
as a point of status, and prospective students consider simula-
tion availability when determining their college of choice. 

 Unfortunately, many colleges now have simulators, but 
they remain underused. When funding is obtained for equip-
ment purchases, the need for faculty development is put aside 
or not understood. There is a steep learning curve for the tech-
nology itself but also for how to facilitate this type of learn-
ing. Initially, it was common to add simulation to the 
responsibilities of the skills lab coordinator, leading to the use 

a

b

  Fig. 29.10    ( a ) Observation of 
simulation scenario using CAE 
Learning Space (Photo courtesy 
of CAE Healthcare ©2012 CAE 
Healthcare) and ( b ) Laerdal 
SimBaby Feedback Screenshot 
(Photo courtesy of Laerdal 
Medical. All rights reserved)       
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of the simulator as another task trainer, in many cases. Over 
time, it has become clear that facilitating learning with simu-
lation is a skill in its own right. Time and resources must be 
dedicated to this purpose for optimal learning to take place. 

 Faculty has also been leery of the technology. Simulators 
can be overwhelming in their complexity, are run by computer 
models that are not always understood, and require basic trou-
bleshooting knowledge. Additionally, if audiovisual systems 
are used, these too must be learned so that they can be used 
concurrently with the simulator. The person running the simu-
lator is often the voice of the patient, cueing the students, and 
may, in fact, also be the faculty facilitator of the SCE. Having 
all these various responsibilities can be overwhelming for the 
faculty who has not received adequate training. 

 Lastly, faculty must remember that this is a new way of 
learning for the students as well. Although they have grown 
up in a world of computers, they have continued to learn by 
lecture in most high schools. If they are expected to learn with 
the use of simulators, they must be oriented to the simulator, 
the environment, and the expectations prior to the SCE.    

   Integration of Simulation into the Nursing 
Curriculum 

 It is important to integrate simulation into the nursing curricu-
lum at all levels. Some colleges use task trainers for lower-
level students, reserving the high- fi delity simulators for 
upper-level students; however, the use of various types of sim-
ulators should always be based on the learning objectives for 
the experience. All levels of learners can bene fi t from high-
 fi delity learning experiences, no matter the level of simulator. 
The  fi delity, or realism, of the experience draws the learner in, 
helping them to become engaged in the care of the patient. 

 A novice to expert approach is commonly used when inte-
grating simulation throughout the curriculum, as it allows the 
students to build on previous experiences. Learners should 
have been exposed to the material being covered during the 
SCE, so it is important for the facilitator to be aware of what 
was covered in the curriculum. Expectations for  preparation 

by the learner correspond to what their expectations are in the 
traditional clinical environment. In many colleges, simulation 
is considered a clinical experience, and therefore, the expec-
tations of the learner should be the same in simulation as they 
are on the actual clinical wards. Examples of the integration 
of simulation into a nursing curriculum are provided in 
Table  29.2 . These examples can be created using any type of 
simulation, virtual, screen based, or mannequin based, and 
used with any level of student or practitioner; the choice is 
dependent upon learning objectives and available resources.  

 As a result of integration of simulation throughout the 
curriculum, facilitators have the opportunity to observe 
learners for growth—or lack thereof. Being able to observe 
the learners in a controlled environment provides a way to 
evaluate learning that is not possible in the traditional clini-
cal environment where students are spread out across an 
entire nursing unit or where the faculty may be responsible 
for students that are learning on several different patient care 
units. Having the students in the controlled simulation envi-
ronment also allows for students to be assigned roles that 
they may be weak in, providing another learning opportunity 
tailored to their needs. 

 During the integration attempts, it is important for leader-
ship to support the effort both  fi nancially and by their pres-
ence and verbal or written support. This will help to bring 
along faculty who may be more reluctant. An identi fi ed fac-
ulty champion, most commonly the simulation coordinator 
or facilitator, will also help to move faculty along as they 
demonstrate enthusiasm, a “can-do” attitude, and the will-
ingness to help others learn more about simulation. 

 Creation of simulated clinical experiences is a very time-
consuming endeavor, especially if they need to be pro-
grammed as well. Each of the major simulator vendors has a 
package of scenarios that have already been written and pro-
grammed. These scenarios are evidence based, built on learn-
ing objectives, provide information as to how to run the 
scenario, and were created by experts in simulation educa-
tion. These scenarios can all be tailored to meet speci fi c 
needs of the purchasing program and can save an immense 
amount of time, allowing quicker integration.  

   Table 29.2    Simulation across the nursing curriculum   

 Courses  Example 

 Fundamentals/skills  Urinary catheter insertion without urine return; student must evaluate for cause, such as tubing kink, dehydration, acute 
renal failure, chronic renal failure 

 Assessment  Hypertension, asthma; identify abnormals but may not have yet learned how to treat; tie in pathophysiology 
 Acute med/surg  Postoperative complications: deep vein thrombosis, hemorrhage, ileus 
 Chronic med/surg  Diabetes, coronary artery disease, chronic obstructive pulmonary disease 
 Mental health  Overdose, drug abuse, dysfunctional family dynamics 
 Obstetrics  Normal/abnormal delivery, postpartum hemorrhage, drug-addicted baby 
 Pediatrics  Dehydration, diabetic ketoacidosis, child abuse 
 Critical care  Pulmonary embolism, acute respiratory failure, trauma 
 Community health  Homeless patient, victim of violence, sexually transmitted disease 
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   Use of Simulation in the Hospital 
Environment for Nurses 

 As mentioned earlier, simulation has been slower to enter 
the hospital environment, although it is quickly becoming 
more common now, likely as a result of the push for safer 
patient care. The bene fi ts of using simulation in the hospital 
environment are to expose nurses to patient situations they 
might not often see, to practice using new equipment, and 
to evaluate competencies. The challenges are the same as 
those in the educational environment: time to learn and 
human resources. As the value of simulation continues to 
be shown in the literature, more hospitals are providing 
experiences for their new graduates and existing staff. 
Many have also incorporated simulation into their intern-
ship and/or orientation programs as well as into annual 
competency evaluations. 

 While nursing schools typically house their simulator(s) in 
a speci fi c location where they stay all the time, hospitals more 
frequently will take the simulator to their staff. This overcomes 
the challenges of pulling staff away from their primary respon-
sibilities of patient care. This  in situ  training is not without its 
challenges as the equipment and supplies must be gathered 
and relocated; surprise is often a factor as code scenarios are a 
favorite to run  in situ , and Table  29.3  shows how simulation 
can be used for many different types of hospital nurses.   

   Nursing Assessment 

 Conducting assessment in the simulation environment is a 
controversial topic within the nursing education commu-
nity. Many faculties have taken the philosophical approach 
that the simulation environment is to be one of learning in 
which formative assessment is completed, often during 

the debrie fi ng process. The nature of simulation activities 
lends itself well to this formative assessment, as students 
receive immediate feedback from the simulator based on 
their decisions when providing care. Others promote the 
use of simulation when conducting high-stakes testing for 
the same reason—the simulator will react based on cor-
rect and incorrect choices that are made. However, cau-
tion must be taken when embarking on high-stakes testing, 
as consistency must be maintained between facilitators 
assuring that all students receive the same experience. 
This is inherently a challenge as simulation is considered 
a learner-driven activity and those learners do not always 
respond the same. These same cautions must be taken 
with practicing nurses, particularly if employment deci-
sions are being made as a result of performance in 
simulation.  

   Research Needs and Opportunities 

 As a result of research supported by the National League for 
Nursing and Laerdal, Jeffries  [  18  ]  published the  fi rst frame-
work to support the creation and use of simulation: The 
Nursing Education Simulation Framework. This framework 
identi fi ed the concepts of (1) teacher, (2) student, and (3) 
educational practices and showed how those concepts had 
an impact on the simulation design characteristics and out-
comes. The simulation design characteristics (objectives, 
 fi delity, problem-solving, student support, and debrie fi ng) 
also impact the outcomes (learning, skill performance, 
learner satisfaction, critical thinking, and self-con fi dence). 
This framework provides the support for researchers to con-
duct studies on any of these concepts and the role they play 
on other areas of simulation development. This framework 
is currently undergoing rigorous literature review to deter-
mine if any of the concepts in the framework need to be 

   Table 29.3    Use of simulation in the hospital environment   

 Type of nursing/healthcare provider  Simulation experience 

 Neurological  Used in orientation program: assessment of a patient with a spinal cord injury, cardiovascular accident 
with and without indications for thrombolytics, acute head injury 

 Orthopedic  Post-op deep vein thrombosis followed by pulmonary embolism 
 ICU/CCU  Abdominal injury from car accident, internal bleeding requiring insertion of pulmonary artery catheter 
 Respiratory therapy  Individual competencies for managing respiratory emergencies 
 Helicopter service  Chronic obstructive pulmonary disease patient who requires intubation 
 Operating room  Malignant hyperthermia, sedation 
 ACLS  Implementation of ACLS following completion of courses 
 PACU  Unexpected cardiopulmonary arrest 
 NICU  Identi fi cation of deterioration and preparation for transport 
 Progressive  Management of cardiac drugs and drips 
 Rehab physical therapists  Moving a patient on a ventilator with an assortment of tubes and lines 
 RehabCare nurses  Management of patient on a ventilator 
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further developed. For example, the teacher is now com-
monly called facilitator. 

 There are variables that impact the teacher (demograph-
ics) and student (program, level, age) that can be further 
studied to see what that impact is and how it affects the learn-
ing outcomes. The lack of consistency with how simulation 
is facilitated and with how nurses are educated leads to 
numerous challenges when studying the outcomes of simula-
tion. There are several efforts underway to assist in this area. 
The use of evidence-based scenarios, with suf fi cient infor-
mation provided, allows for replication and standardization 
of experiences. The International Nursing Association for 
Clinical Simulation and Learning Board of Directors  [  19  ]  
published  Standards of Best Practice: Simulation  in an effort 
to help facilitators meet learning needs. The National Council 
of State Boards of Nursing is currently conducting a multi-
site, national, longitudinal study using standardized scenar-
ios to help answer the question of how much simulation can 
replace clinical. 

 Additional research needs to be undertaken to deter-
mine the impact that learning with simulation has on 
patient safety and outcomes. There are studies completed 
that show a correlation; however, more need to be com-
pleted. Once research can solidly connect learning with 
simulation to better patient outcomes, then simulation will 
become the gold standard that it already is in the aviation 
 fi eld.  

   Conclusion 

 While simulation was slow to enter the arena of nursing edu-
cation and practice, it has grown tremendously over the past 
few years. There are still challenges to full integration, such 
as cost, human resources, and training needs; however, the 
value is appreciated and the bene fi ts are beginning to out-
weigh the challenges. It is vital that administrators and simu-
lation enthusiasts continue to promote the effective use of 
simulation and provide the leadership to integrate this teach-
ing methodology into the entire curriculum. Further research 
needs to be undertaken to identify the impact various con-
ceptual areas have on learning outcomes as well as how 
learning with simulation impacts patient care and safety.      
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          Introduction 

 Simulation in obstetrics and gynecology is a critical resource 
that has and will continue to be used with ever-increasing 
frequency. While simulation-based education began in ear-
nest in the  fi eld of anesthesiology, it has special signi fi cance 
in obstetrics and gynecology. 

 Obstetrics and gynecology is a unique specialty that 
requires a wide range of both clinical and operative surgical 
skills. While the general OB/GYN will see many routine 
medical issues similar to a family medicine provider, they 
are also required to be competent surgeons who also are 
experts in the management of pregnancy, labor, and delivery. 
Obstetricians must be equipped with the ability to manage 
two patients at the same time with the comprehension that 
interventions intended for the mother must be balanced with 
anticipated effects on the fetus. The sheer intellectual and 
technical breadth of the specialty combined with the emo-
tions surrounding the event, that is, pregnancy and delivery, 
makes simulation training for the specialty of OB/GYN an 
imperative. Utilizing simulation to acquire and assess the 

surgical skills needed in gynecology as well as those routine 
and emergent procedures that occur on the labor and delivery 
 fl oor is not only possible but necessary to ensure the best 
outcomes possible. 

 This chapter will be divided into two distinct sections, 
one that discusses the use of simulation for obstetrics and the 
other on the use for gynecology. There will be an emphasis 
not only what is currently being done but also the evidence 
for its effectiveness.  

   Obstetric Simulation 

   Background and History 

 While simulation training in obstetrics is often thought of as 
a relatively new  fi eld, its  fi rst use may actually predate writ-
ten history. Archaeological records show that ancestors of 
the Siberian Mansai people created life-size leather birth 
models of women for rituals and teaching maneuvers to 
assist in birth  [  1  ] . In the eighteenth century, Madame du 
Coudray, who served as a midwife for the King of France, 
created a life-size leather birthing mannequin to educate 
women about childbirth management, and this impressively 
was reported to have resulted in reduced infant and maternal 
mortality  [  2  ] . However, it was not until the late 1990s and 
early 2000s that simulation training for obstetrics started to 
be evaluated in a scienti fi c and systemic manner. 

 The need for simulation training in obstetrics is now rec-
ognized at both the national and international level. The 
American College of Obstetricians and Gynecologists 
(ACOG) and the Society for Maternal Fetal Medicine 
(SMFM) have both formed simulation committees to facili-
tate the incorporation of simulation into the  fi eld. In fact, 
AGOG has sponsored a hands-on obstetric emergencies sim-
ulation course every year since 2008. 

 Recently, a joint publication titled “Quality Patient Care 
in Labor and Delivery: A Call to Action” was endorsed by 
seven different societies including the American Academy 
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of Family Physicians, American Academy of Pediatrics, the 
Association of Women’s Health, Obstetric and Neonatal 
Nurses, American College of Nurse Midwives, the American 
College of Osteopathic Obstetricians and Gynecologists, 
ACOG, and SMFM  [  3  ] . In this publication, the consortium 
recommended that strategies be employed to ensure optimal 
care of obstetric patients to include drills, simulation exercises, 
and training in principles of crisis resource management (see 
Chap.   8    ). 

 Simulators are currently available for speci fi c obstetric-
related tasks such as episiotomy, amniocentesis, and vaginal 
and cesarean delivery and range from low- to high- fi delity 
female mannequins with the ability to hemorrhage and repro-
duce such medical emergencies as eclamptic seizures and 
cardiac arrest. A more comprehensive discussion of the 
actual simulators can be found in Chap.   15    .  

   Evidence for and Current Usage in Training 

 Though new obstetric simulators are still being developed, 
there is now a reasonable body of literature available describ-
ing their use and utility. What follows in this section are 
examples of these obstetric simulations, a brief description 
of the simulators used, and the literature and outcomes asso-
ciated with their use.  

   Amniocentesis 

 Amniocentesis is a relatively common procedure in obstet-
rics and is most often used for prenatal evaluation of fetal 
karyotype or determination of fetal lung maturity. Simulators 
for this procedure range from simple and inexpensive mod-
els made at the institution level (usually with gelatin mix-
tures or ultrasound gel and different targets inserted into 
ultrasound “phantoms” that allow for real-time scanning and 
procedures), to much higher- fi delity, commercially avail-
able, haptic-interface simulators  [  4–  6  ] . 

 Pittini et al. integrated a physical amniocentesis simulator 
with a standardized patient in order to assess both communi-
cation and technical skills related to the procedure  [  7  ] . In this 
study they assessed 30 trainees (including medical students, 
residents, and maternal fetal medicine fellows) and found 
signi fi cant improvement in both knowledge and technical 
performance after training. This study was important in that 
the authors attempted to evaluate communication and coun-
seling and not just technical skills. Though there have been 
no studies yet that have evaluated whether or not better per-
formance on an amniocentesis simulator translates to better 
outcomes with real patients, the commercial availability of 
relatively inexpensive models for a potentially morbid proce-
dure makes training for this very reasonable.  

   Breech Vaginal Delivery 

 Breech vaginal delivery is no longer a routine procedure in 
obstetrics, especially now that the standard of care is to 
deliver a singleton breech by cesarean section. Therefore, 
current providers and recent graduates have signi fi cantly less 
experience in this type of delivery, yet there are still situa-
tions where patients present in advanced labor, and a breech 
vaginal delivery may be indicated. 

 The management for breech delivery can be simulated on 
a wide variety of obstetric birthing simulators, though not all 
models incorporate the delivery of a fetus with articulating 
joints. The latter would obviously be preferred since mani-
pulating the baby can add  fi delity and permit the practice of 
breech delivery maneuvers. 

 One article speci fi cally evaluated the use of simulation 
training for breech vaginal delivery and reported on perfor-
mance on a simulated breech vaginal delivery before and 
after training  [  8  ] . A total of 20 residents from two institu-
tions completed the protocol and showed that after training, 
they had signi fi cantly higher scores for completion of critical 
delivery components ( p  < 0.05) and that overall performance 
and safety of the delivery was also improved ( p  = 0.001).  

   Maternal Cardiac Arrest 

 Care of a pregnant patient who experiences cardiac arrest is 
different since the team must take the unique physiology of 
pregnancy as well as the fetal status into account during the 
resuscitation. While it is possible to utilize male human 
patient simulators for these types of drills, for improved 
 fi delity and the ability to monitor the fetal status, there are 
several high- fi delity full body birthing simulators available. 
There is a signi fi cant body of evidence in the literature sug-
gesting the bene fi ts of simulation and team training for 
improved code team performance and patient outcome, yet 
there is much less available data speci fi c to pregnancy and 
the labor and delivery suite. 

 A recent article by Lipman et al. makes the case for the 
creation of an Obstetric Life Support program (OBLS)  [  9  ] . 
The authors discuss the similar nature of the neonatal resus-
citation program (NRP) and explain how and why an OBLS 
course can be accomplished. One group studied the perfor-
mance of multidisciplinary labor and delivery teams during 
maternal code events with a high- fi delity trainer  [  10  ] . They 
identi fi ed several common issues during these events such as 
poor communication with the pediatric resuscitation team, 
lack of leadership, and poor distribution of workload. Another 
group took this investigation a step further and attempted to 
determine if training could affect actual performance. Fisher 
et al. recruited 19 maternal fetal medicine staff to participate 
in a maternal arrest simulation program  [  11  ] . After training, 
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they demonstrated signi fi cantly improved performance in 
both the time to initiate cardiopulmonary resuscitation and 
cesarean delivery during a simulated maternal code.  

   Cesarean Section 

 While often viewed as a routine procedure, a cesarean sec-
tion is still a major abdominal operation and carries with it 
the potential for signi fi cant morbidity, especially when the 
patient has had previous abdominal surgery. 

 At present, simulators for this procedure are mostly limited 
to those made at the local institution level, though there is at 
least one simulation company (Gaumard Scienti fi c, FL) that 
makes an abdominal cover for their birthing mannequin that 
contains simulated abdominal layers for a typical Pfannenstiel 
incision. New prototypes are also being built by others (exam-
ples of cesarean section simulator can be accessed at   http://
www.obgmanagement.com/pages.asp?id=6714     and   http://
www.savinglivesatbirth.net/summaries/43    ). 

 One study was performed that reported on the use of an 
intermediate- fi delity cesarean section simulator, created at 
the local level out of materials from a fabric store, for train-
ing new interns  [  12  ] . This group reported that the simulation 
exercises were effective in helping the interns de fi ne the 
steps of the procedure and in improving their overall comfort 
with assisting in performing the procedure. 

 Another recent publication used a high- fi delity birthing 
simulator and an abdominal model overlay to simulate a mater-
nal cardiopulmonary arrest requiring the performance of a peri-
mortem cesarean section  [  13  ] . In this trial, they randomized 
teams to encountering the cardiac arrest in either a delivery 
room or the operating room. They found that teams in the deliv-
ery room were more likely to deliver the fetus by perimortem 
cesarean section within the recommended 5-min time frame 
than the OR group (57% vs. 14%) during simulated drills.  

   Cordocentesis 

 During some pregnancies, there is a need to measure fetal 
hematocrit or platelet counts directly. This may require cordo-
centesis, where a needle is advanced into the fetal umbilical 
cord under direct ultrasound guidance. As the safety of this 
technical procedure is related to operator experience and the 
potential for serious complications is signi fi cant including fetal 
loss, this is an important area where simulation can have a 
major impact. To date, there are only a few publications related 
to the use of this type of simulator. One article, by Ville et al., 
describes a cordocentesis simulator in detail and also the train-
ing methods used to teach the procedure but failed to discuss 
evaluation of the ef fi cacy of the training  [  14  ] . In another study 
from Thailand, a homemade cordocentesis simulator was used 

and a single trainee trained  [  15  ] . They then went on to describe 
outcomes from the  fi rst 50 cases that the trainee performed on 
actual patients and reported a 100% success rate during the 
procedures after training. While this is an interesting report, it 
is obviously limited by the inclusion of only a single trainee. At 
this time, there is one commercially available cordocentesis 
simulator for this type of training (Limbs & Things, UK).  

   Eclampsia 

 Eclampsia is an uncommon but signi fi cant obstetric emer-
gency that involves generalized tonic-clonic seizures during 
pregnancy that is almost always associated with hyperten-
sion and proteinuria. Though the incidence of eclampsia is 
relatively low in the United States, the risk of both maternal 
and neonatal morbidity and mortality is signi fi cant when it 
does occur. Treatment of eclampsia involves supportive care 
during the seizure while managing hypertension, preventing 
aspiration, and administering medications (i.e., magnesium 
sulfate) to stop and prevent further seizures. 

 There are currently several options for simulators to 
address eclampsia. Some authors have used patient actors to 
play the part of a seizing pregnant patient, while others have 
simply stood behind the patient bed and physically shaken 
the mannequin to simulate the eclamptic seizure  [  16,   17  ] . 
One publication describes the creation of an external mecha-
nism that made the maternal mannequin’s head move in such 
a manner as to simulate a seizure  [  18  ] . Recently, new birth-
ing simulators have been developed that include an internal 
seizure mechanism. This is the type of mannequin that is 
described in the multicenter implementation of an  in situ  
obstetric emergency simulation training program  [  19  ] . 

 Ellis et al. reported on the use of simulation training for 
eclampsia across six large hospitals in the UK  [  20  ] . A total 
of 140 participants were randomly assigned to 24 teams and 
assigned to simulation training either at a simulation center 
or at the hospital and with or without teamwork training. 
They found that after training, teams completed the basic 
tasks more quickly (55 s before vs. 27 s after,  p  = 0.012) and 
that a magnesium sulfate loading dose was given much more 
often (92% of teams vs. 61% before training,  p  = 0.04) and 
nearly 2 min earlier in simulated eclamptic seizure cases. 
There was no difference found between teams that trained in 
the simulation center or the hospital.  

   Episiotomy Repair 

 Although decreasing from 60.9% in 1979 to 24.5% in 2004, 
the rate of episiotomy during vaginal deliveries is still a very 
common procedure in modern obstetrics  [  21  ] . One study 
reported that almost 60% of OB/GYN residents surveyed 
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reported receiving no formal education on episiotomy repair 
techniques  [  22  ] . Since poor repairs increase the risk for 
signi fi cant lacerations and complications during subsequent 
deliveries, it is important to be able to instruct trainees to 
safely perform this procedure. Fortunately, there are multiple 
models described in the literature and available commercially 
that can be used to do this. The locally made simulators range 
from a well-known beef tongue model to a “sponge perineum” 
that can be fabricated for very little money  [  23,   24  ] . 

 In 2003, Nielsen et al. developed an objective structured 
assessment of technical skills (OSATS) and demonstrated that 
it was a reliable and valid measure of resident skill in the labo-
ratory setting  [  25  ] . In their study, they also reported that 61% 
of the residents tested failed the assessment, further emphasiz-
ing the need for formal training opportunities. A more recent 
study by Uppal et al. reported on a similar evaluation of epi-
siotomy repair skills of 40 OB/GYN residents from 13 differ-
ent residency programs  [  26  ] . In their study, they found that 
participant level of training and prior experience had no effect 
on the pass rate and that, strikingly similar to Nielsen’s results, 
the overall failure rate was 57.5%. Given the poor performance 
of residents over several different studies and the availability 
of validated training simulators and evaluation forms, incorpo-
rating episiotomy simulation into training programs is both 
important and feasible.  

   Operative Vaginal Delivery 

 In a recent article on operative vaginal delivery, a well-known 
expert stated that after didactic teaching on proper technique, 
the resident “…should then be assessed by both written 
examination and  formal simulation exercises  before allow-
ing them to be primary operators on real patients”  [  27  ] . He 
went on to further say in the same article that “Simulation 
training can enhance residents’ understanding of mechanical 
principles and should logically precede clinical work.” 

 To date, models available for teaching these skills have 
been somewhat limited, as the ability to recreate the birth 
canal and delivery fetus with enough  fi delity from material 
that will tolerate multiple procedures has been less than opti-
mal. However, there are models that integrate the ability to 
provide feedback to trainees on both the correct angle used 
and the amount of force applied during the delivery. 

 Despite the limitations of current simulators, there is recog-
nition that this type of training is needed. One report by Leslie 
et al. described connecting forceps to an isometric strength 
testing unit and demonstrated that residents could be taught 
the appropriate amount of force necessary during delivery and 
that they could reproduce this consistently after training  [  28  ] . 
Another very practical study by Dupuis et al. scored ten train-
ees on the accuracy of forceps blade placement utilizing a 
birthing simulator  [  29  ] . They found that the providers improved 
signi fi cantly with practice and estimated that approximately 
35–45 placements were required to achieve 100% accuracy.  

   Postpartum Hemorrhage 

 With respect to postpartum hemorrhage, one of the leading 
causes of maternal mortality, the Joint Commission recom-
mends that simulation exercises be run to “train staff in the 
[local] protocols, to re fi ne local protocols, and to identify 
and  fi x systems problems that would prevent optimal care” 
 [  30  ] . In a similar manner, the UK Con fi dential Inquiries into 
maternal deaths also recommended that simulation drills and 
regular training for management of postpartum hemorrhage 
be conducted to reduce morbidity and mortality  [  31  ] . 

 Speci fi cally addressing simulation training for obstetric 
residents, Deering et al. reported on the performance of 40 
residents from three different institutions during a simulated 
postpartum hemorrhage scenario  [  32  ] . They found that nearly 
half (47.5%) of the residents made some form of medication 
error during the exercise and that the level of experience was 
not a factor in their performance. This study emphasized the 
need for the type of training and education recommended by 
the national organizations discussed previously. 

 The ability to estimate blood loss also plays a key role in 
optimizing the management of postpartum hemorrhage. Two 
separate reports have been published addressing the estima-
tion of blood loss using simulation. In a study by Maslovitz 
et al., they reviewed the performance of 50 obstetrical teams of 
physicians and nurses and evaluated their ability to estimate 
blood loss in an obstetric hemorrhage scenario  [  33  ] . They 
found that underestimating the degree of blood loss was com-
mon and that accuracy was only 50–60% for a hemorrhage of 
3.5 l. A study by Bose et al. created 12 clinical simulation sce-
narios where estimation of blood loss was required  [  34  ] . 
Similar to the previously mentioned study, on evaluation of 
103 physicians, midwives, nurses, and healthcare assistants, 
they found signi fi cant underestimation of blood loss as well. 

 Another study used simulation and recreated blood-
soaked surgical sponges and under-buttocks drapes to deter-
mine if teaching providers what common surgical items look 
like with speci fi ed amounts of blood on them could improve 
their accuracy  [  35  ] . Assessment with simulated scenarios 
demonstrating different degrees of blood loss was done 
before and after this educational intervention on the visual 
estimation of blood loss (EBL). The group found that there 
was signi fi cant improvement and underestimation of EBL 
decreased from 62% to only 2% after training.  

   Spontaneous Vaginal Delivery 

 A vaginal delivery is one of the most common procedures 
done by medical students and residents in OB/GYN. It is 
usually straightforward, but it is dif fi cult and awkward to try 
and teach the proper technique while the patient is pushing 
and the family is watching. Fortunately, there are several 
basic obstetric birthing simulators that work well to teach 
this. Examples of these can be seen in Chap.   15    . 
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   Uncomplicated Vaginal Deliveries 
 In a study of third year medical students, 56 were taught how 
to perform a vaginal delivery by lecture alone, while another 
group of 56 students were taught with a combination of lec-
ture and simulation training  [  36  ] . At the end of their rotation, 
the students who participated in simulation training reported 
being more comfortable with their ability to perform a vagi-
nal delivery and scored signi fi cantly higher on both their oral 
and written exams. Dayal et al. also examined the use of 
simulation to teach this skill to medical students  [  37  ] . After 
randomizing students to simulation training or standard 
didactics, the researchers observed performance of a simu-
lated vaginal delivery at the beginning and end of their 
6-week rotation. The simulation training group had higher 
overall delivery performance scores at both week 1 and week 
5 after training, suggesting the ability to translate what they 
had learned in the lab into their practical demonstration.  

   Complicated Vaginal Deliveries 
   Shoulder Dystocia 
 The use of simulation to address outcomes in patients who 
experience a shoulder dystocia is probably the best studied 
area in obstetric simulation. Initial reports on the use of simu-
lation to address shoulder dystocia training showed that a 
signi fi cant number of providers were not familiar with the 
common maneuvers required and that training could improve 
performance in a simulated shoulder dystocia scenario  [  38,   39  ] . 
Most important was the  fi nding that a simulation training pro-
gram could actually improve fetal outcomes. In 2006, Draycott 
et al. reported on the impact of the implementation of a shoul-
der dystocia simulation training program in the UK  [  40  ] . 
They reviewed all deliveries complicated by shoulder dysto-
cia from the 4 years prior to the program and the 4 years after. 
While the incidence of shoulder dystocia was the same 
between the two time periods, the incidence of neonatal injury 
at birth after a shoulder dystocia was reduced nearly fourfold 
(9.3–2.3%; RR 0.25, CI 0.11–0.57). Similar  fi ndings were 
reproduced in the United States (10.1–2.6%,  p  = 0.03)  [  41  ] . 

 Simulation training has also been utilized in the evalua-
tion of documentation after this common obstetric emer-
gency, with multiple reports demonstrating signi fi cant gaps 
in documentation and that simulation training can help to 
improve documentation  [  42–  44  ] .  

   Umbilical Cord Prolapse 
 Upon diagnosis of umbilical cord prolapse, time is of the 
essence and an urgent cesarean section must be performed. 
This is a situation where the entire team must be involved, 
from the nurse or physician who makes the diagnosis to the 
anesthesia provider and pediatric support team that make the 
cesarean delivery and neonatal resuscitation possible. 
Simulation of this emergency is reproduced with almost any 
of the currently available birthing mannequins; the fetal 
umbilical cord is simply placed in the vagina in front of the 
presenting part. Including a fetal monitor to the simulation 

increases the  fi delity since it allows for the trainer to create 
fetal heart rate abnormalities consistent with the cord com-
pression often seen in this emergency. 

 A recent study from the UK reported on the implementa-
tion of a simulation training program for umbilical cord pro-
lapse management at a large tertiary maternity unit  [  45  ] . 
They compared the diagnosis to delivery interval for all cord 
prolapse cases for the 6 years before and after simulation 
training. The group concluded that there was a signi fi cant 
decrease in the diagnosis to delivery interval from 25 to 
14.5 min ( p  < 0.001) and that the teams were much more 
likely to take the recommended actions to attempt to allevi-
ate cord compression (34–82%,  p  = 0.003). This landmark 
study was one of the  fi rst to demonstrate the bene fi ts of simu-
lation and team training on objective performance outcomes 
in obstetrics.    

   Teamwork Training 

 In the past, many attempts to improve patient outcomes in 
obstetrics were directed at the individual provider level with 
a focus on honing technical skills and increasing medical 
knowledge. However, it is now recognized that a majority of 
complications and morbidity actually result from ineffective 
teams rather than individual failures. A Sentinel Alert was 
issued by the Joint Commission in 2004 and reported that 
most cases of perinatal death and injury were caused by 
problems with an organization’s culture and communication 
failures  [  46  ] . A year later, in 2005, another report stated that, 
despite increasing focus and awareness of the need to improve 
patient safety, there had not been a decrease in the death rate 
due to medical errors. They did note, however, that there 
were reductions in certain kinds of error-related deaths, 
including a 50% reduction in poor outcomes of preterm 
infants when labor and delivery staff had participated in team 
training  [  47  ] . (The basic principles of CRM are discussed in 
detail in Chap.   8    .) 

 Teamwork training and assessment for obstetric residents 
demonstrated common signi fi cant communication and team-
work issues during emergencies including poor communica-
tion with the pediatric team, not assuming a leadership role, 
and poor workload distribution  [  10  ] . The use of mobile  in situ  
simulation systems has been shown to be an effective method 
to train smaller hospitals and to identify and address latent 
safety threats on the actual labor and delivery unit  [  19,   48  ] . 

 In 2010, a systemic review of simulation for multidisci-
plinary team training in obstetrics was published  [  49  ] . While 
97 articles on the topic were identi fi ed, the authors chose to 
focus on eight that reported their outcomes of interest. They 
found that this type of training method was potentially effec-
tive in preventing errors and improving patient safety in 
acute obstetric emergencies but recommended that additional 
studies were needed. Since this publication, there was an 
article by Riley et al. that addressed the use of teamwork 

http://dx.doi.org/10.1007/978-1-4614-5993-4_8
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training with and without simulation training. In a 2011 
study, Riley et al. chose to investigate three perinatal units at 
different hospitals  [  50  ] . At one hospital, there was no addi-
tional training, at another hospital they implemented 
TeamSTEPPS ®  training only, and at the third hospital, they 
conducted TeamSTEPPS ®  training that incorporated simula-
tion training. Over a 3-year period, they measured the 
weighted adverse outcomes score (WAOS) and found no 
improvement in the  fi rst two hospitals but a 37% decrease in 
perinatal morbidity for the hospital that utilized teamwork 
and simulation training. While multiple confounders may 
have in fl uenced these data, it is clear that simulation-based 
training may impact perinatal morbidity.  

   Art of Obstetric Simulation 

 Currently, there is an ongoing debate as to where obstetric 
simulation should be conducted, who should be involved, 
and how it can best be integrated for maximum bene fi t. The 
answers to these questions are important as we look at the 
future of simulation in this important area. 

 With regard to where obstetric simulation should be done, 
the answer, as with many things, is dependent on the goals of 
training. If the purpose of the training is to teach purely tech-
nical skills such as amniocentesis or forceps placement, then 
the ideal location may be a simulation center where the 
trainee is away from clinical distractions and has the com-
plete attention of a mentor/instructor. However, if the goal is 
to practice teamwork or look at hospital systems issues 
(Chap.   10    ) that may affect patient care, then this training is 
almost certainly better done on the actual ward/unit itself 
(i.e.,  in situ ) as it is impossible to recreate fully the physical 
location and systems in a center. An overview of this sort of 
training is outlined in Table  30.1 .  In situ  simulation has been 
identi fi ed as an important component in the evaluation of 
newly constructed facilities  [  51  ] . In addition, having simula-
tion capabilities available on the actual unit can allow for 
“just-in-time” training (i.e., warming up and reviewing the 
procedure just before performing it, similar to batting prac-
tice in baseball) for certain procedures such as amniocentesis 
or percutaneous umbilical blood sampling, which is some-
thing the authors have employed at their home institution.  

 In terms of who should be trained, there is growing evi-
dence that the answer is the entire team, and not just the phy-
sicians. When reviewing programs that have demonstrated 
improvements in actual patient outcomes, Siassakos et al. 
noted that there were several common themes  [  52  ] . Key 
components of effective simulation training programs 
included the following:
    1.    Teamwork training combined with clinical training in a 

multidisciplinary format: There has been a shift in focus 
of training from working with just physicians. It is now 

recognized that communication issues are a leading cause 
of poor outcomes and that the entire team needs to be 
engaged in the effort.  

    2.    Relevant, “in-house” training: Because of the dif fi culties 
getting complete teams together at simulation centers 
located outside of the hospital, many trained on their 
actual unit or at least in their hospital. This made multi-
disciplinary training possible and allowed for the 
identi fi cation of institution systems issues. Most impor-
tantly, these units worked to train almost 100% of their 
staff, and not just a select few.  

    3.    Local solutions: The successful programs took national 
guidelines and then evaluated their own systems. They 
then created solutions that followed best practices and yet 
still worked within the capabilities of their institution.  

    4.    Realistic training tools: With regard to simulators and 
training tools, the authors found that high  fi delity and 
engagement of the learners was more important than hav-
ing the most “high-tech” simulators available.  

    5.    Institution-level incentives: Besides strong support from 
leadership, hospitals with effective programs often were 
offered  fi nancial incentives including signi fi cant discounts 
on their malpractice premiums.       

   Gynecology Simulation 

   Background and History 

 Ancient Greece gave us the well-recognized apprenticeship 
model of training –  see one, do one, teach one.  This has been 
the mainstay of medical education, and especially surgical 
education, but has come under increased scrutiny in current 
times. This apprenticeship model is being recognized and 
identi fi ed as being outdated, inef fi cient, and potentially dan-
gerous in the face of today’s complicated surgical environ-
ments. There is also an increased awareness and appropriate 
intolerance of high error rates in healthcare. These issues are 
driving a mandate that alternative and safer methods of train-
ing be developed and implemented. Simulation has clearly 
emerged as part of the solution to this problem  [  53  ] . 

 The concept of simulation is not novel in surgery. As early 
as 800 BC, Sushruta (one of two potential “fathers of sur-
gery”) recommended practicing on melons and wormed 
wood for training his students in surgery  [  54  ] . Many other 

   Table 30.1    Location of obstetric simulation and ef fi cacy   

 Location 
 Technical 
skills 

 Hospital 
systems issues 

 Teamwork/
Communication    

  In-situ /on ward  +  ++  ++ 
 Simulation center  ++  −  ++ 

  ++ best  fi t, + possible, − not feasible  
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sophisticated or high reliability organizations have used sim-
ulation technology for decades, and healthcare is only now 
trying to catch up. Aviation and nuclear energy for years 
have integrated simulation into both their education and 
quality improvement programs. The aviation industry has 
regularly scheduled assessments on  fl ight simulators as an 
integral part of a pilot’s maintenance of licensure and accred-
itation. Many of these simulators started out very simply, and 
this holds true in gynecologic surgery as well. 

 Early pioneers of simulation in healthcare like David Gaba 
(Chap.   2    ) introduced the modern era of simulation in healthcare 
by promoting mannequin training in the late 1980s  [  55  ] . It has 
only been within the last 15 years that disciplines like surgery 
and gynecology have embraced the concept of surgical simula-
tion. Other pioneers in simulation have called for our specialty 
to move away from the subjective approach of assessing a train-
ee’s skills and employ more objective metrics  [  56,   57  ] . It was 
also during this time that practice outside the operating room 
(OR) in either a simulated environment using box trainers or 
virtual reality was found to be more effective than traditional 
methods for developing operative skills  [  53,   58–  60  ] . 

 Simulation continued to develop and was growing as the 
landmark publication  To Err Is Human  became well known 
in 1999  [  61  ] . The follow-up publication,  Crossing the Quality 
Chasm,  advocated the adoption of simulation training as a 
possible solution to the high error rates in healthcare  [  62  ] . 
After these publications, the promotions by leaders in the 
 fi eld, and the increasing evidence in the literature, simulation 
began to take hold as a serious contender as a method for 
learning surgical skills and especially in gynecology.  

   Gynecologic Simulators 

 A simulator can simply be an object, device, situation, or envi-
ronment by which or in which a task or sequence of tasks can 
be realistically and effectively presented  [  63,   64  ] . Surgical sim-
ulators range from simple part-task trainers to sophisticated 
virtual reality simulators and from robotic simulators to stan-
dardized patients. In gynecology, many task trainers depict the 
pelvis and are used for speci fi c procedures or skills like pelvic 
exams, intrauterine device (IUD) placement and removal, hys-
teroscopic resection, and urethral sling placement (Fig.  30.1 ).  

 When it comes to actual surgical procedures like laparos-
copy, robotic surgery, or open gynecologic cases, the  fi eld of 
simulation has changed dramatically. For laparoscopic simu-
lators, there are three basic types: (1) box trainers, (2) virtual 
reality, (3) hybrid simulators. 

   Box Trainers 
 As the name implies, box trainers consist of a box that mim-
ics the abdominal cavity with different levels of realism. 
They are usually connected to a video camera that can project 

what the learner is doing in the box onto a video monitor. 
There are different training models that can be used with real 
laparoscopic instruments through trocars that are set in the 
lid or top of the box. A striking advantage to this form of 
simulation is that most people can fabricate their own box 
trainer using readily available inexpensive items such as a 
box, a light bulb, an inexpensive webcam, and a PC monitor. 
In addition, these are very portable and accessible on the 
ward or at home. The major drawbacks for this type of simu-
lator include the inability to record the simulations, the lack 
of built-in assessment and feedback tools, and the lack of 
anatomic and haptic  fi delity.  

   Virtual Reality (VR) 
 Virtual reality (VR) surgical simulators contain an array of 
electronic devices that function together to allow one to expe-
rience auditory and visual input in order to simulate a real 
setting or event. Most of the time these devices employ soft-
ware running on a computer connected to a physical inter-
face, like a handpiece  [  63  ] . The VR simulator can have 
different training tasks which mimic actions performed  during 
surgery, with varying degrees of realism. A distinct advantage 
is that the computer will register and collect all movements 
and actions that are made, thus providing an excellent method 
of objective assessment and feedback for the trainee. 

 Historically speaking, VR simulation can be classi fi ed 
into four different generations of simulators. The   fi rst 
generation  VR simulator was simple and based on the 
manipulation of abstract objects in a three-dimensional 
non-anatomical virtual space. These particular simulators 
were designed for the development of particular physical 
skills like visual-spatial perception, hand-eye coordina-
tion, and manual dexterity (Fig.  30.2 ). The  second genera-
tion  VR simulators introduced anatomical objects like the 
ovary or fallopian tube. This inherently made the experience 

  Fig. 30.1    Urethral sling procedure trainer. Limbs & Things, Savannah, 
GA (Photo courtesy of Limbs & Things ©2012   www.limbsandthings.
com    )       
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more realistic (Fig.  30.3 ). The  third generation  VR simula-
tors had more sophisticated software programs combined 
with an anatomically correct mannequin for very realistic 
training (Fig.  30.4 ). The  fourth generation  VR simulators 
include didactic teaching programs with prerecorded video 
examples. This generation often offers a combination of 
basic skills training like dexterity, hand-eye coordination, 
and instrument handling. This functionality incorporates a 
cognitive component of surgical anatomy, sequencing of 
operative procedures, and surgical decision making  [  63,   64  ] . 
The advantage to VR simulators lies in their realism and the 
potential to provide objective feedback based on the mecha-
nism of the simulator. The distinct disadvantage to the VR 
simulator is their cost. These high- fi delity simulators can 
easily cost over $100,000, thereby limiting the number of 
institutions that can afford them.     

   Hybrid Simulators 
 Hybrid simulators, as the name implies, are essentially a com-
bination of a box trainer and a VR simulator and may be thought 
of as a computer-enhanced video box trainer  [  63  ] . The combi-
nation of VR imaging with real instruments and physical mate-
rials allows trainees to have the sensation of manipulating real 
physical objects. Some of these systems may also include com-
puter-generated assessment and feedback (Fig.  30.5 ).    

   Robotic Surgery 

 Robotic laparoscopic surgery is the next frontier in gyneco-
logic surgery and technology. While laparoscopic surgery 
has become fully integrated into the gynecology aspect of 
nearly all OB/GYN training programs, the future will have a 
heavy emphasis on robotic surgical training and techniques. 
Robotic technology in the OR offers minimally invasive sur-
gery (MIS) options for many major surgical procedures. The 
robot is a combination of hardware and software programmed 
to communicate and interact with the environment. This 
technology markets itself as being different than the more 
traditional MIS method of laparoscopy (Fig.  30.6 ). In lap-
aroscopy, the human eye perceives a two-dimensional view 
of the surgical site, while robotic equipment provides a three-
dimensional view  [  65,   66  ] . Another difference is the ergo-
nomics of conventional laparoscopy vs. the robot. In 
laparoscopy, the surgeon must stand while holding long 
instruments; with robotics the surgeons can sit while per-
forming procedures  [  67  ] . Also, the robotic instruments pro-
vide signi fi cantly greater range of motion than traditional 
laparoscopic instruments, and the technology of the robot 
eliminates the “fulcrum effect” which in traditional laparos-
copy forces surgeons to move their hands in the opposite 
direction of the instrument’s tip  [  66  ] . Finally, another advan-
tage of the robot is that it reduces any tremors the surgeon 
may have and allows the surgeon to select the scale of the 

  Fig. 30.2    Hand-eye coordination. LapMentor, Simbionix, Cleveland, 
OH (Used with permission from Simbionix, Cleveland, OH)       

  Fig. 30.3    Tubal sterilization, LapMentor, Simbionix, Cleveland, OH 
(Used with permission from Simbionix, Cleveland, OH)       

  Fig. 30.4    VR simulator with high- fi delity mannequin       
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ratio of the size of hand movements to the movement of the 
instrument tips  [  66,   68,   69  ] .  

 While the da Vinci robotic surgery system offers several 
advantages in comparison to the traditional laparoscopic tech-
niques, there are some disadvantages that limit its widespread 
use at all institutions. One of the main drawbacks of the robotic 
technology is the amount of time it is required for a surgeon to 
master its use. The next constraining factor is the cost of the 
device. The da Vinci robot costs well over $1 million, which 
makes it dif fi cult for smaller hospitals to afford. Because of 

these factors, inexpensive simulation training methods are 
critical to decreasing learning time on the equipment.  

   Simulation for Gynecologic Procedures 

 While the traditional classroom setting cannot make up for 
actual hands-on operating time for a surgical trainee, the per-
ceptual and psychomotor skills, which are of key importance 
for effective surgical technique, cannot be developed in lectures 

  Fig. 30.5    VR simulator 
feedback, VirtaMed HystSim, 
Simbionix, Cleveland, OH 
(Used with permission from 
Simbionix, Cleveland, OH)       

  Fig. 30.6    Da Vinci robot. 
Intuitive Surgical, Sunnyvale, CA       
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and seminars  [  70  ] . Simulation can provide additional learning 
opportunities in a way that can be self-directed and prepare 
the trainee for supervised training received in direct patient 
care  [  63  ] . Currently, there are simulators for gynecology that 
record the operator’s performance and provide instant auto-
mated individualized feedback to its user. This feedback 
allows the trainee to monitor and re fi ne their technique. The 
aim for trainees is to arrive at actual surgical procedures with 
better hand-eye coordination, greater familiarity of equip-
ment, better ef fi ciency in movement, and better knowledge 
of the surgical sequence  [  63  ] . The Simbionix Hyst sim and 
pelvic exam simulators help trainees acquire skills ef fi ciently 
(Figs.  30.7  and  30.8 ).   

 Many institutions across the country are now developing 
and opening simulation centers to assist in the training of 
their students, residents, and physician staff. The centers 
may be discipline-speci fi c or interdisciplinary. Many of these 
centers have sessions for training medical students, residents, 
nurses, and attending physicians individually and together in 
team training. Residency programs are also scheduling time 
with these centers to integrate simulation training into the 
curriculum. In institutions where there is no simulation cen-
ter per se, departments can still use stand-alone task trainers 
and mannequins for training (Fig.  30.9a–c ).  

 Simulation is also an excellent method for developing 
interdisciplinary team training in the operating room as well. 
A critical feature of any teamwork training program is a mul-
tidisciplinary approach. Multidisciplinary simulation-based 
training can be adapted to analyze team performance during 
a simulated gynecologic emergency. Many institutions are 
having their ORs adopt well-known and developed team 

training exercises using simulation to practice rare but cata-
strophic emergencies that could happen during actual surgi-
cal procedures. In these team training exercises, many of the 
gynecologic simulators such as a VR or box trainers are 
replaced with high- fi delity mannequins to simulate actual 
patients. At times a task trainer can be combined with a stan-
dardized patient actor to get a more realistic simulation. One 
report by Powers et al. examined OR teams during simulated 
surgeries and tasks that included trocar access and manage-
ment of intra-abdominal hemorrhage utilizing a physical lap-
aroscopic model and measured individual and overall team 
performance  [  71  ] .  

   Evidence for and Current Usage in Training 

 When looking at simulators for adjuvant teaching modali-
ties, it is critical that the simulator is able to differentiate 
between learners with different skill levels to determine 
whether there is any progress in learning or skill acquisition 
 [  53  ] . This is referred to as construct validity and is one of 
several levels of validation. Consistently showing the same 
measurement from the same skill levels is important and is 
termed reliability. The ultimate criteria for a simulator’s 
value would be its predictive validity and transference to the 
actual OR, and this is the goal of all training programs. 

 In gynecology most studies have examined validation and 
transference in the use of box trainers or VR simulators. 
A study by Aggarwal et al. looked at one of the early com-
mercially available laparoscopic VR simulators (LapSim ® , 
Surgical Science Sweden, Göteborg, Sweden) and found that 

  Fig. 30.7    Simbionix Hyst Sim 
(Used with permission from 
Simbionix, Cleveland, OH)       
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intermediate and expert surgeons differed in their ability to 
complete a surgical module of salpingectomy for ectopic 
pregnancy  [  19  ] . This implied that the skills needed for VR 
are similar to those needed for real surgery, a good example 
of construct validity for this simulator  [  63,   72  ] . In the same 
study when novices and intermediate surgeons practiced on 
the VR simulator and improved their performance in the 
simulation laboratory, the result in the actual OR was a 
reduced median procedure time  [  72  ] . Another randomized 
controlled trial that compared VR simulation training was 
being added to clinical surgical training with traditional sur-
gical training alone for salpingectomy and found a 
signi fi cantly shortened time in training to achieve compe-
tency in salpingectomy  [  73  ] . 

 A recent Cochrane review of VR laparoscopic training in 
surgery has suggested that, in participants with limited lap-
aroscopic experience, VR training results in a faster reduc-
tion in operating time, errors, and unnecessary movements 
than does standard laparoscopic training  [  74  ] . 

 In the studies discussed, even though construct validity in 
realism and training was shown, it is still not clear whether 
the simulators used and/or the designed curriculum were 
appropriate predictors of clinical surgical ability. The predic-
tive validity has yet to truly be shown in any well-designed 
study or trial. As educators and surgeons, it is essential to 
critically analyze the different components (i.e., blood loss, 
instrument path, or operating time) that make up some of the 
scores in these studies and see which are truly most impor-
tant in real life  [  63  ] .  

   Team Training in Gynecology 

 Simulation is clearly being used to teach technical skills, but 
by comparison, there has been relatively little work in the 
surgical simulation arena designed to teach or assess, inter-
personal and communication skills and professionalism non-
technical skills  [  75  ] . Team training and simulation is not new 

a

b

  Fig. 30.8    ( a ) Simbionix pelvic 
trainer and ( b ) screen capture of 
trainee digit during pelvic 
palpation (Used with permission 
from Simbionix, Cleveland, OH)       
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c

  Fig. 30.9    ( a ) Multidisciplinary 
scenario of fetal distress (Photo 
courtesy of Gaumard), ( b ) 
simulated fetal heart tracing, and 
( c ) delivery using Gaumard 
pregnancy simulator       
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in healthcare. There are many well-established programs 
across the United States; however, the overwhelming major-
ity in our specialty focus on obstetrics not gynecology. In 
recent years, the Agency for Healthcare Research and Quality 
(AHRQ) has sponsored investigations in hopes of enhancing 
patient safety through team training simulations. 

 There are currently a few programs that are developing 
team training exercises in surgery. These include Kaiser 
Permanente’s Highly Reliable Surgical Team (HRST) and 
the American College of Surgeons (ACS)/Association of 
Program Directors in Surgery (APDS) Surgical Skills 
Curriculum. The HRST and APDS Surgical Skills Curriculum 
are designed for different surgical specialties and are not 
speci fi c for gynecology, though there is work to adapt them 
to the specialty. The ACS/APDS Surgical Skills Curriculum 
also includes team training that speci fi cally aims to address 
nontechnical skills  [  76  ] . 

 The (HRST) examines the relationship between their 
patient safety and highly reliable teams, and it is being 
shared with other institutions. For implementation, 
Kaiser collaborates with a hospital and begins with the 
identi fi cation and the training of project managers and a 
steering committee. After this, a safety survey is admin-
istered to all the staff, human factors training is provided, 
and metrics established. With the results of these parts, it 
is all integrated into the OR and includes items such as 
whiteboards, “glitch books,” brie fi ngs, a surgical pause, 
routine debrie fi ngs, and regularly scheduled simulation 
training events. The required elements and the team train-
ing focus on teamwork and communication in the OR 
between all disciplines. 

 In recent studies, the ACS reported on their work to 
develop an objective scoring system for their surgical 
exercises. They have worked to determine construct valid-
ity of this objective scoring tool as well as other estab-
lished rating tools for communication, teamwork, and 
workload  [  76  ] . Areas they examined included decision 
making, operating room communication, teamwork skills, 
and workload. The study focused on developing a de novo 
tool and applying other teamwork tools to the OR, and 
their  fi ndings did support construct validity for their tool 
 [  76  ] . The study also showed support from the participants 
in the form of favorable impressions of the developed 
module. 

 Although these reports represent initial efforts in the 
development of team training programs for surgery and 
speci fi cally gynecology, properly validated rating tools to 
assess an individual’s communication skill, speci fi cally in 
the OR, are still lacking. The future of team training in the 
gynecology OR will begin with the development of these 
speci fi c tools and then the proper design and evaluation of 
modules or scenarios to assess the communication and team-
work of participants.  

   The Art of Simulation in Gynecology 

 Currently, there is no national simulation curriculum in 
gynecology, but many different institutions are doing what 
they can to enrich the learning experience for their learners. 
As stated earlier in the chapter, many training programs 
have incorporated simulation training days for their resi-
dents. Most OB/GYN residents are being exposed to a vari-
ety of GYN simulation exercises during training. Many of 
these focus on speci fi c skills. There are VR trainers for hys-
teroscopy (VirtaMed HystSim, Simbionix, Cleveland, OH) 
that have proven face and construct validity and are being 
used to introduce hysteroscopy and allow resident to prac-
tice particular skills like myomectomy and salpingectomy. 
Residents are also practicing laparoscopic skills on box 
trainers, and some are becoming certi fi ed in Fundamentals 
of Laparoscopic Surgery (FLS) and using task trainers to 
practice pelvic  fl oor repairs. 

 GYN physicians in practice are also utilizing simulation 
modalities in their everyday practice. One of the most prom-
ising studies found that preoperative warm-up for 15–20 min 
with simple surgical exercises led to a substantial increase in 
surgical skill pro fi ciency during follow-up tasks  [  77  ] . This is 
now translating to some surgeons practicing prior to laparo-
scopic surgeries on box trainers or VR trainers. 

 In addition, some residents and practicing physicians are 
taking the initiative and doing more independent training on 
box trainers to improve some of their basic or fundamental 
laparoscopic skills. Team training in gynecology is less prev-
alent but some institutions are using hybrid models or full 
mannequins in the ORs to practice a team’s response to 
emergencies during gynecologic surgeries.  

   Future of Simulation in Gynecology 

   Implementation 
 Research on the effectiveness of simulation in gynecology is 
currently being done, and hopefully, it is only a matter of time 
before we, in gynecology, have the same evidence in support of 
simulation and team training that currently exists in obstetrics. 
For educators and trainers, there is a signi fi cant need for a clear 
plan to implement simulation into gynecologic training. 
Essential components of this plan must include (1) curriculum 
setting, (2) engagement, and (3) business planning  [  63  ] . 

   Curriculum Setting/Design 
 A surgical skills curriculum needs to address multiple domains 
of learning: cognitive aspects (anatomy, instrument function, 
surgical steps), behavioral aspects (communication, compo-
sure, leadership), and technical pro fi ciency (psychomotor 
skills and clinical experience)  [  63,   78  ] . A simulation curricu-
lum in gynecology also needs to encompass all of these 
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domains. Ideally, educators should collaborate to develop 
such a curriculum and then be able to have all trainees follow 
the same schedule. In order for a curriculum to be accepted 
nationally, there needs to be a predesigned template with 
guidance on use and basic equipment. As it stands now, there 
are some surgical societies or colleges that de fi ne require-
ments for skills training and are working on a predesigned 
curriculum for its members, but all hospitals or institutions 
are not necessarily obliged to implement these requirements 
in their training programs  [  79  ] .  

   Engagement 
 It is important that educators and trainers  fi nd methods of 
engaging trainees. Self-motivation is a factor for the success-
ful use of simulation training, but internal trainee motivation 
varies from person to person  [  80  ] . Understanding this basic 
principle and then developing methods to encourage and 
engage our trainees will be critical for the success of simula-
tion training in gynecology. Trainees may still have the 
mindset of the Halstedian apprenticeship model of “see one, 
do one, teach one” and having a proctor present to “teach” 
them as the most effective way to learn, and not take the 
initiative to learn on their own  [  81  ] . Focus on independent 
practice on simulation modalities needs to be encouraged 
and fostered. One accepted method is to establish expecta-
tions of trainees to complete a standardized training module 
in simulation that is both introductory and procedural based, 
obtain pro fi ciency in the simulation, and then test that 
pro fi ciency before allowing them into the actual OR  [  73  ] .  

   Business Planning 
 The expense of simulation training that encompasses simula-
tors, physical space, technician time, and educator time is 
another common obstacle to implementation. The best method 
to approach the cost of simulation training is to balance it by 
the possibility of tangible  fi nancial savings  [  82,   83  ] . Evidence 
from obstetrics and other disciplines have shown improve-
ment in patient safety and better outcomes. Simulation in 
gynecology may not only improve patient safety and provide 
women with better outcomes but also reduce health service 
costs by increasing clinical throughput  [  63,   84  ] .   

   National Organizations 
 The American College of Obstetricians and Gynecologists 
(ACOG) has committed to simulation training and supports its 
utility across our discipline for students, residents, Junior 
Fellows, and Fellows. From the beginning, it was recognized 
that there was inconsistency in standards for simulation in our 
specialty. Because of this, the ACOG Education Division cre-
ated a clinical simulation consortium that includes institutions 
from across the country with advanced OB/GYN simulation 
programs. The initial mission of this consortium was to 
develop and implement simulation-based curricula to assist 

residency programs to teach and improve residents’ clinical 
performance. This curriculum is presently being standardized 
and validated across consortium members. Once completed, it 
will be made available to all residency programs in the USA. 
After this, the consortium will continue to work with ACOG 
on how to expand simulation training for the specialty.    

   Conclusion 

 Simulation training is a cornerstone for training all levels of 
providers in basic and advanced skills and emergencies in 
obstetrics and gynecology. It has application in the acquisition 
of technical skills as well as being a key part of effective team-
work training. As practitioners, educators, and trainees, we 
must become part of the ongoing programs of self-learning, 
assessment, and advancement if we are to remain relevant and 
current in our specialty. The  fi eld has grown exponentially in 
the past 10 years, and this will continue for the foreseeable 
future. It is an exciting time as evidence continues to be pub-
lished that emphasizes the improved patient outcomes.      
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          Introduction 

 Simulation has been an important part of ophthalmic training 
for many years  [  1–  3  ] . Generally, simulation-based training 
has focused on technical surgical training with much less 
emphasis on other aspects of ophthalmic competency such as 
exam skills, patient-physician communication, and profes-
sionalism. Simulation in ophthalmic surgical training is con-
ventionally associated with “wet labs” which use cadaver or 
animal eyes. More recently, ophthalmic simulation has 
expanded to include cognitive simulation and sophisticated 
computer-based surgical simulators that are proving useful 
in ophthalmic training. Though a relatively young branch of 
medical simulation in the modern sense, ophthalmology is a 
fertile ground for innovation using simulators. 

 Like most complex tasks, ophthalmic surgery is associ-
ated with a signi fi cant learning curve. To this end, several 
studies have demonstrated that reduced complication rates 
can result from deliberate practice and clinical experience 
 [  4–  7  ] . Randleman et al. found that complication rates were 
lower in a group of residents with 80 or more cases  compared 

to those with fewer than 80 cases of cataract surgery experi-
ence  [  5  ] . Teus et al. showed that the  fi rst 28 cases with a type 
of refractive surgery were less safe than subsequent cases 
 [  6  ] , and Bell et al. showed that higher volume surgeons had 
a lower complication rate than those performing fewer cases 
 [  7  ] . Perhaps simulation can be utilized to give novice train-
ees the equivalent experience necessary for improved patient 
outcomes while reducing patient risk during their prelimi-
nary training. 

 Ophthalmic surgery is complex and is therefore dif fi cult 
to teach  [  8–  10  ] . Most types of ophthalmic surgery are per-
formed under magni fi cation of some sort (e.g., loupe or 
operating microscope). There is a signi fi cant learning curve 
and period of adjustment of the user’s eyes in this sort of 
surgery. Ophthalmology, compared to other divisions of sur-
gery, poses additional dif fi culty to the trainee and trainer as 
the operative  fi eld is small and often only one set of hands 
can be operating at any given time. Additionally, ophthalmic 
surgery often requires the simultaneous use of all extremities 
to control various equipment (e.g., instruments in both hands, 
one foot on the microscope pedal, and one foot on the instru-
ment pedal). In this chapter, we discuss the uses of and evi-
dence for simulation in ophthalmology training from the 
traditional (i.e., wet lab simulation) to the modern (i.e., com-
puter-based simulation). We also discuss potential ways in 
which these modalities can be employed to bene fi t trainees.  

   The Science of Ophthalmology Simulation 

   Wet Lab Simulation 

 Wet labs have been an important part of ophthalmic educa-
tion for years  [  1–  3,   11–  14  ] . The wet lab is typically a simula-
tion of the operating room that includes a microscope, 
instruments, and porcine cadaver or arti fi cial eyes. As animal 
and cadaver eyes are used in these labs, they are typically not 
located in the actual operating room and the use of a separate 
set of instruments is required. In some programs the wet lab 
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is available at all times in dedicated labs, and in other pro-
grams the wet lab is set up a few times a year to allow prac-
tice. Similarly, curricula may or may not be well de fi ned for 
the use of such labs  [  15  ]  (see Figs.  31.1  and  31.2 ).   

 Lee et al. outlined the structured wet lab program devel-
oped at the University of Iowa  [  15  ] . In this program, a set of 
goals and objectives is established for trainees. This allows 
assessments tied to the objectives to ensure that the learner is 
ready for the next step. The program proposes a set of practi-
cal and didactic tests to ensure competence. This allows resi-
dents to learn skills at the appropriate time and provides a 
more reliable skill set prior to the resident’s  fi rst real case in 
the operating room. One of the most important features and 

logistically challenging components of this program is having 
faculty available for signi fi cant portions of the wet lab train-
ing, which at best would occur during normal hours and not 
late at night or on weekends when faculty are less available 
(see Table  31.1 ).  

 Fisher outlined a structured skills “obstacle course” wet 
lab with speci fi c stations to assess residents’ skills on a vari-
ety of surgical tasks  [  16  ] . The “obstacle course” was designed 
to simulate three surgical procedures: (1) temporal artery 

  Fig. 31.1    Example of basic wet 
lab. This operating microscope 
has a second ocular for a second 
person to observe       

  Fig. 31.2    View of wet lab setup with a porcine eye. It is evident that 
the porcine eye is much larger than the human eye       

   Table 31.1    Summary of First-Year Resident Iowa Wet Laboratory 
Curriculum   

 Objectives: During the  fi rst-year resident’s rotation at a given center, 
the resident will have 5 half-day sessions in the wet laboratory under 
faculty supervision. Additional practice will be required and this is 
the responsibility of the resident. The resident is also required to 
read  Cataract Surgery for Greenhorns  by Oetting and 
 Phacodynamics  by Seibel prior to the  fi rst wet lab session: 
   1.  Demonstrate  fi ne motor and proprioception kills under the 

operating microscope. 
   2.  Demonstrate pro fi ciency in working in small surgical  fi eld 

alone and with an assistant. 
   3.  Demonstrate knowledge of the various phacoemulsi fi cation 

machines and settings of each machine. 
   4.  Demonstrate phacoemulsi fi cation machine and operating 

microscope pedal functions. 
   5.  Demonstrate performance of  fi ve clear corneal and scleral 

incisions on animal eye. 
  6. Identify the steps of phacoemulsi fi cation. 
   7.  Demonstrate the performance of the steps of 

phacoemulsi fi cation on animal eye. 
  8. Identify the various types of ophthalmic sutures. 
   9.  Demonstrate placing corneal, scleral, conjunctival, and skin 

sutures. 
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biopsy and skin suturing, (2) muscle recession, and (3) 
phacoemulsi fi cation wound construction and suturing. All 
the procedures were performed in a wet lab using a pig foot 
and eye. The pig’s foot was prepared for the temporal artery 
biopsy and skin suturing section by inserting a piece of red 
plastic tubing into the super fi cial facial to simulate the artery. 
At each station the resident was given a list detailing the 
required steps of the test and videotaped at each station. The 
videos were later reviewed by various experienced surgeons 
and given a score. The authors conclude that this wet lab 
obstacle course demonstrated development of an objective 
and standardized test of beginning surgical skills and estab-
lished face and content validity for ophthalmic surgery  [  16  ] . 

 Henderson et al. outlined the key components of an effec-
tive ophthalmic wet lab: setting up the physical space, estab-
lishing appropriate faculty and curriculum, obtaining the 
practice eye, stabilizing the eye, preparing the eye, and fund-
ing the wet lab  [  11  ] . Having a separate and dedicated space 
for the wet lab allows the trainee to practice when appropriate 
and when faculty and the resident are available. As mentioned 
above, a structured program is a key to a successful wet lab 
program  [  11,   15  ] . Practice eyes are sometimes expensive or 
hard to obtain. Typically, porcine eyes are used but grapes, 
sheep eyes, cadaver eyes, cadaver eyes with glued-on contact 
lenses, and plastic-fabricated eyes can be used for simulating 
the live human eye in the wet lab  [  15,   17–  20  ] . Various tech-
niques have been outlined to make the porcine eye behave 
more like the senile human eye, such as the application of 
 fi xative solutions and microwave energy  [  11  ] . Each of these 
techniques has its advantage in some capacity in attempting 
to simulate a human eye; however, no single technique or 
model is as good of a replacement as operating on a live, 
human eye. One of the most dif fi cult issues of establishing a 
wet lab, however, is simply funding the lab which requires 
space, instruments, and most importantly faculty time. Still, 
few simulation modalities are as tried and true as the wet lab, 
and as such, this classic simulation has staying power.  

   Computer-Based Simulation 

 Advances in computer technology have led to increasingly 
sophisticated virtual reality simulators for surgical and proce-
dural preparation. As outlined in this text, simulation training 
has been gaining popularity among many surgical subspecial-
ties and in the education of teaching procedural tasks to non-
surgical residents. In ophthalmology, there are currently two 
commercially available ophthalmic simulators: PhacoVision ®  
(Melerit Medical;   http://www.meleritmedical.com/    ) and 
Eyesi ®  (VRmagic Holding AG;   http://www.vrmagic.com/en/
eyesi/    ) (Figs.  31.3 ,  31.4 ,  31.5 , and  31.6 ). These devices are 
primarily aimed at cataract surgery; however, the initial 
versions of the Eyesi ®  simulator were designed to simulate 

vitreoretinal surgery  [  21–  25  ] . Although both simulators have 
many similarities and functions, our discussion will focus on 
the Eyesi ®  simulator since it is the most widely studied device 
of the two  [  24,   26–  29  ] . 

 There are signi fi cant advantages in the use of virtual real-
ity ophthalmologic simulators for training. The computer-
based simulators such as the Eyesi ®  are cleaner than wet 
labs, allow for quick setup of simulation exercises, and do 
not require acquisition of practice eyes and facilities to sup-
port biological specimens. Trainees may position themselves 
at the simulator as they would be sitting in the operating 
room. A realistic microscope and instrument foot pedals as 
well as instruments for each hand are incorporated into the 
simulator. For the novice surgeon, positioning at the micro-
scope, managing instrumentation, and maneuvering in the 
operative  fi eld simultaneously can present a major challenge. 
The simulation of using all extremities at once can be a very 
valuable experience especially if aided with faculty feedback 
(see Figs.  31.7  and  31.8 ).       

 Both computer simulation devices have a computerized 
eye model that includes a lens, iris, capsule, and cornea. The 
eye model is visible through the oculars, creating a stereo 
image to simulate the depth of the structures within the eye. 
The software senses the position of instruments and provides 
feedback or “grades” based on tissue handling and whether 
or not there was unintended damage of structures such as the 
cornea. The device provides an immediate numerical score 
on speci fi c tasks (Capsulorhexis, Nucleofractis). Which can 
be used to track the progress of the trainee (see Figs.  31.9 , 
 31.10 , and  31.11 ).     

  Fig. 31.3    The Eyesi ®  simulator. The system has oculars and operating 
scope model. The adjacent monitor will project the same view as the 
participant views through the ocular. There are two foot pedals designed 
in a similar fashion to the operating scope: foot pedal and the 
phacoemulsi fi cation machine pedal. The head can be positioned so that 
the operator can sit either temporally or superiorly       

 

http://www.meleritmedical.com/
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  Fig. 31.4    The Eyesi ®  simulated patient and eye. Each of the ports on 
the outer aspect of the eye will allow for placement of one of the sys-
tem’s instruments       

  Fig. 31.5    Examples of the “handpieces” of the Eyesi ®  simulator. Once 
placed through one of the ports of the model eye, the instrument will 
appear as the needed instrument for the task i.e., capsulorhexis forceps, 
irrigation cannula, and phacoemulsi fi cation hand piece       

  Fig. 31.6    The “handpieces” positioned within the simulated eye       

  Fig. 31.7    Example of a trainee positioned at the Eyesi ® . You can see 
that the trainee is positioned as if she was in the operating room: each 
foot upon the appropriate foot pedal, chair and ocular height adjusted to 
allow comfort, and hands positioned with instruments in the eye. There 
is a projected view of what the trainee is seeing/doing on the computer 
monitor alongside the trainee permitting someone else to observe       

  Fig. 31.8    Example of a trainee positioned at the Eyesi ®         
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   Advantages of Virtual Simulation 

 As outlined above, a wet lab offers a wide variety of oppor-
tunities for the trainee to practice surgical technique. 
However, setup for the wet lab often requires signi fi cant time 
and sometimes preparation of the tissue itself. This limits the 
ability to rapidly repeat a speci fi c task, such as creating the 
capsulorhexis. With a wet lab, trainees may only be able to 
practice the capsulorhexis 2 or 3 times in an evening session 
before the biological eye is no longer usable to tissue disrup-
tion. With the Eyesi simulator, the resident can deliberately 
practice the capsulorhexis 100 times in an evening. The resi-
dent or faculty can set up technically dif fi cult situations to 
allow for repeated practice which is not limited by setup time 
or delicate tissue disruption. 

 Another drawback to the wet lab is that for the training 
ophthalmic surgeon, feedback on performance is essential. 
A trainee can perform a given task repeatedly, but if they are 
executing the task improperly or stressing other tissues, then 
the practice of the improper technique is not bene fi cial. To 
ensure this does not occur, an experienced educator would 
need to be present observing and providing feedback to the 
trainee, which would require a signi fi cant amount of dedi-
cated faculty time. While faculty presence is important in 
certain phases of computer simulation training, much can be 
done without faculty supervision after a set of exercises are 
established and real-time scoring is enabled. The simulators 
have software developed to “grade” the performance of train-
ees, and the trainee can indepedancy monitor their progress 
very easily and use this to train to competency.  

   The Evidence for Virtual Simulation 

 Several studies have demonstrated content and construct 
validity of the Eyesi ®  simulator. Mahr showed that the simu-
lator’s tremor and forceps module had validity  [  28  ] . Using 
the forceps module, experienced surgeons achieved statisti-
cally signi fi cant better total scores, with lower total task time 
and instrument-in-eye measurements than did novices. For 
the anti-tremor module, experienced surgeons also achieved 
statistically signi fi cant better total scores, with lower task 
time and instrument-in-eye time measurements than did nov-
ices. As such, the Eyesi simulator represents a very useful 
device with established validity. 

 One of the most dif fi cult tasks for beginning cataract sur-
geon is creating the curvilinear capsulorhexis  [  8,   9  ] . In addi-
tion, an adequately sized continuous curvilinear capsulorhexis 
is critical to subsequent steps and long-term centration of the 
intraocular lens. Privett published a study which showed face 

  Fig. 31.9    Eyesi    ®  simulation of creating a capsulorhexis       

  Fig. 31.10    Eyesi ®  simulation of creating a capsulorhexis       

  Fig. 31.11    Eyesi ®  simulation of nucleofractis       
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validity for the Eyesi ®  simulator and the capsulorhexis por-
tion of the procedure  [  30  ] . This study compared experienced 
surgeons to medical students on performance of the capsulor-
hexis on the Eyesi ® . Experienced surgeons achieved statisti-
cally signi fi cant better scores in all parameters at the medium 
level, with better centering, less corneal injury, fewer spikes, 
less time operating without a red re fl ex, better roundness of 
the capsulorhexis, and less time completing tasks than nov-
ices. In general, all of the experienced surgeons that partici-
pated believed the simulator would be a useful training tool 
for beginning cataract surgeons (see Fig.  31.6 ). 

 A study conducted by the Department of Ophthalmology 
at the University of Tuebingen, Germany, compared perfor-
mance in the wet lab between a control group and a group that 
had experience with the Eyesi ®  computer simulator  [  31  ] . 
Initially, the two groups were asked to perform the capsulor-
hexis in the wet lab. The group that was assigned to the virtual 
reality simulation then underwent training with two trials of 
the simulation modules. Both groups were then again asked 
to perform the capsulorhexis in the wet lab, and the group that 
was exposed to the virtual reality simulation showed statisti-
cally signi fi cant improvement in their median wet lab capsu-
lorhexis overall performance score compared to controls. The 
capsulorhexis performance of virtual reality–trained students 
and residents were also more consistent with a lower standard 
deviation of scores compared to controls  [  31  ] . 

 Senior residents  fi nd nucleofractis (i.e., breaking up and 
removing the nucleus of the cataractous lens) the most 
dif fi cult step of the surgery  [  8  ] . A large portion of the 
dif fi culty in performing this task is that the novice surgeon is 
not accustomed to realizing the depth of the lens, success-
fully handling bimanual instrumentation, and manipulating 
nuclear fragments to safely remove the lens fragments. 
Belyea et al. found that residents who were exposed to the 
Eyesi ®  simulator were able to more quickly progress though 
the nucleofractis step of cataract surgery  [  27  ] . Belyea et al. 
reviewed 592 surgeries performed by residents in their pro-
gram staffed by the same attending surgeon. Residents were 
divided into a simulator group and a non-simulator group 
based on the inclusion or absence of the eye-surgery simula-
tor during their training period. They found a statistical 
between-group difference in mean phaco time, adjusted 
phaco time, and percentage phaco power. Regression analy-
sis showed a signi fi cantly steeper slope of improvement in 
mean phaco time and power in the non-simulator group com-
pared to the simulator group  [  27  ] . 

 Interestingly, ophthalmic simulators have been used for a 
less traditional simulation studies. Waqar et al. studied the 
effect of fatigue on performance on the Eyesi ®  ophthalmic 
simulator  [  32  ] . Experienced surgeons received a standard-
ized orientation and completed ten attempts on level-four 
forceps module of the Eyesi ®  simulator. To reduce the effect 
of the learning curve, a parameter “plateau” score was 

 calculated for each surgeon (the average of their  fi nal four 
attempts). The surgeons then returned immediately after 
their scheduled surgery to complete ten more attempts on 
the same module, and similar parameters were recorded. 
The surgeons then repeated the module after a routine surgi-
cal day (197 min of operating time). The surgeon’s simula-
tor parameters were found to be improved, both total score 
and total time, concluding that there was no detrimental 
effect of fatigue following a routine operating room day. 
Park compared novice and experienced surgeons as they 
were exposed to a distracting exercise (performing arithme-
tic) while performing computer simulator modules  [  26  ] . 
Their study found that a distractive cognitive task reduced 
the ability of novice surgeons and expert surgeons to deal 
with that task, although their simulated surgical performance 
was not overtly compromised  [  26  ] . 

 The continued advancement of computer technology and 
surgical simulators is exciting for ophthalmic surgeon educa-
tors as an adjunctive education tool. The ultimate role virtual 
reality will play in the evolution of ophthalmology surgical 
curriculum is still to be determined; it does appear that there 
are signi fi cant advantages to having this training opportunity.   

   The Art of Cognitive Simulation 

 Surgery involves coordination of cognitive and physical 
skills to successfully perform complex procedures. New res-
idents are often overwhelmed during their  fi rst cases. Despite 
reading, watching videos, and observing surgical cases, they 
have not yet formed a complete mental map of each proce-
dure including its major parts and all the small steps that 
comprise each part. They often do not understand the goal of 
each step or how the steps  fi t together. Their understanding 
can even be fragile; they are easily upset when a step does 
not go exactly as planned. 

 New residents often struggle to simply learn to make their 
hands (and sometimes feet) perform new, delicate maneuvers 
with a high cost of failure. This is aggravated by the fact that 
the preparatory activities are passive. Rather than learning 
these new physical skills through hands-on practice, until 
they are in the operating room, students mostly learn by read-
ing or observation. This is somewhat akin to teaching some-
one to play baseball by having them spend months reading 
books about the game. Needless to say, this approach yields 
the expected results; residents who are performing surgery 
for the  fi rst time often lack the prerequisite cursor skills nec-
essary to execute the simplest of procedural tasks. 

 Computer simulations enable us to eliminate the costs of 
failure while providing opportunities for practice in a way 
that helps residents develop more sophisticated and  fl exible 
knowledge bases. Simulation can be used to isolate the cog-
nitive aspects of surgical tasks from the physical ones and, in 
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doing so, reduce the cognitive load. For example, a simula-
tion can enable students to practice just the cognitive aspects 
of a surgical procedure, having them make decisions about 
how the procedure should be executed without physically 
executing them. Unlike actual patients, simulated patients 
can be designed to focus students on the aspects of surgical 
procedures where errors and complications most commonly 
occur. By isolating the cognitive aspects of the task and facil-
itating practice within the safety of a simulation, the stress 
level, cognitive load, and time pressure on students can be 
more controlled. In addition, we can provide students with 
access to expert explanations addressing common errors and 
challenges. 

 A computer-based simulation program of cataract surgery 
designed to teach students the cognitive skills involved in the 
phacoemulsi fi cation procedure has been developed by the 
Massachusetts Eye and Ear Institute (MEEI)  [  33,   34  ] . This 
software which includes animation, video, and text is called 
the Massachusetts Eye and Ear Cataract Master ®  (Fig.  31.12 ). 
The software is based on an “immersive-story” curriculum. 
In brief, some of these principles are: (1) practice experience 
should be highly realistic, engaging students in the perfor-
mance of authentic tasks in authentic roles and contexts, 
(2)  students should be allowed to fail as they might in the 
real world since each such failure is a critical learning oppor-
tunity, and (3) at times of failure, students should get “just-
in-time” feedback and support in the forms of stories and 
explanations from experts as well as through exposure to 
expert performance. This approach scaffolds learners by lim-

iting the cognitive load they face when starting to learn cata-
ract surgery. Learners can master the procedural sequences at 
a conceptual level but in a meaningful and memorable 
 contextualized setting before having to worry about master-
ing them at a physical level.  

 The MEEI program is a learn-by-doing approach to teach-
ing ophthalmology residents the cognitive skills involved in 
three approaches to phacoemulsi fi cation cataract surgery: 
scleral tunnel with divide and conquer, clear cornea with 
divide and conquer, and clear cornea with chopping tech-
niques. The curriculum is designed to permit students to 
quickly recognize their misconceptions and knowledge gaps 
and then facilitate their expanded and revised understanding 
of cataract surgery. In addition to teaching the basics of cata-
ract surgery, the curriculum places emphasis on a range of 
complications that can arise in cataract surgery and on areas 
where novices are most prone to potentially serious failures. 

 A cognitive simulation program can be used to facilitate 
re fl ection, since trainees will have a hands-on environment in 
which it is safe to review and revisit experiences they had in 
the OR. They can safely do things like play “what if?” games 
exploring the consequences of taking different approaches to 
a surgical procedure, possibly one they had just performed in 
the OR. Those trainees in need of remedial help and those 
with questions who might otherwise be embarrassed to ask 
would have a risk-free environment in which to learn. 

 While apprenticeship is the only proven method for learn-
ing to be a doctor, it still carries some of the risks suggested 
by the “have some to get some” paradox. There is a constant 

  Fig. 31.12    Screen shot of the 
computer portion of the 
Massachusetts Eye and Ear 
Cataract Master ®        
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tension between the experiences learners need and the oppor-
tunities for practice available to them when they are not 
already highly skilled. Simulation technology will enable us 
to circumvent this problem.  

   Training Level-Speci fi c Curriculum 

 The current apprentice system has served as the main mode of 
training surgeons for many years. With increasing demands to 
demonstrate competency of ophthalmic residents, new methods 
of teaching and training residents will continue to evolve. The 
University of Iowa published data that demonstrated improved 
senior resident surgical outcomes after an enhanced training 
curriculum was introduced to the junior resident’s cataract train-
ing program  [  4  ] . The junior resident’s  fi rst-year curriculum 
entails a structured wet lab with faculty supervision and “back-
ing in” or performing the last portions of cataract surgery. The 
second-year curriculum has a “deliberate practice” rotation 
where the resident performs only the capsulorhexis portion of 
the procedure on many cases  [  4,   13  ] . The capsulorhexis from 
each case is recorded and the operative video is reviewed with 
faculty and the resident provided feedback. This innovative cur-
riculum encompasses all of the simulation modalities discussed 
above, and resident feedback from this program has been very 
positive in their training experience.  

   Conclusion 

 We foresee that the purely apprenticeship model of teaching 
of the past will be replaced by a combination of apprentice-
ship and wet labs, computer and cognitive simulation, 
guided curriculums, and competency-based skills assess-
ments  [  13,   14  ]  in ophthalmology.      
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          Introduction 

 Traditional orthopedic surgical education is rooted in the 
master-apprentice model in which residents are taught by 
senior staff using real patients  [  1  ] . While effective in the past, 
the rapid expansion of orthopedic procedures and signi fi cant 
changes in residency education have exposed important limi-
tations. Complex operating room (OR) technologies and min-
imally invasive procedures are associated with steep learning 
curves  [  2  ] , and resident work-hour restrictions, cost pressures, 
and patient safety measures are limiting trainees’ exposure to 
real-time clinical material  [  3  ] . As a result, today’s orthopedic 
trainees are challenged to acquire more complex and diverse 
surgical skills than their predecessors, but in less time  [  4  ] . 
Moreover, the actual requirements to complete a residency 
are rather broad. The Accreditation Council for Graduate 
Medical Education (ACGME) requires post- graduate-year 

two through  fi ve (PGY-2-5) residents to record their clini-
cal experience in the ACGME Case Log System and only 
requires that the graduating resident log between 1,000 and 
3,000 procedures  [  5  ] . Most importantly, it does not specify 
a speci fi c number of total cases for pro fi ciency at any given 
task. Unlike the majority of general surgery training programs 
that have had laparoscopic simulators available to their resi-
dents for several years, orthopedic training programs are only 
now being able to offer high- fi delity procedural simulators. 

 Once these residents are out in practice, it is just as critical 
for them to keep up their skill sets. Several studies have 
shown a positive correlation between the volume of cases 
performed by a surgeon and their outcomes including total 
shoulder  [  6  ] , total hip  [  7  ] , and total knee replacements  [  8  ] . 

 As opportunities for learning through “on-the-job” train-
ing with “real” patients diminish, alternative training meth-
ods outside the OR environment are entering the curriculum 
 [  9,   10  ] . These include hands-on training in specially designed 
surgical skills laboratories, cadaver labs, synthetic bones and 
anatomical models, and computerized simulators. In this 
chapter we will explore the use of these educational devices 
for orthopedic education and assessment.  

   Surgical Skills Laboratories 

 Lab-based education aims to allow orthopedic residents to 
practice basic surgical skills in a risk-free, low-stress environ-
ment, affording them the opportunity to gain familiarity with 
techniques before they perform them on real patients in the 
OR  [  3  ] . Sonnadara et al.  [  3  ]  demonstrated that an intensive 
surgical skills course can be highly effective at teaching and 
developing targeted basic surgical skills in  fi rst-year ortho-
pedic residents. The authors compared a group of residents 
who were given a 30-day surgical skills laboratory ( n  = 6) 
with a control group participating in standard residency train-
ing ( n  = 16). There was no signi fi cant performance difference 
between the groups prior to the commencement of training 
using both the Objective Structured Assessment of Technical 
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Skills (OSATS) standard checklist and global  rating scale 
(GRS). OSATS is comprised of simulated surgical environ-
ments in which trainees receive instructions on the technical 
skills needed to accomplish surgical tasks under the direct 
observation of an expert. Examiners score candidates using 
two methods. The  fi rst is a task-speci fi c checklist consisting 
of a set of speci fi c surgical maneuvers that have been deemed 
essential elements of the procedure. The GRS includes 
speci fi c surgical behaviors, such as respect for tissues, 
economy of motion, and appropriate use of assistants  [  10  ] . 
Residents in the intensive surgical skills course took half-day 
training sessions everyday in the morning, which included 
basic fracture  fi xation techniques, application of casts and 
splints, and familiarization with basic surgical instruments. 
These training sessions were followed by clinical duties dur-
ing the afternoon similar to residents in the standard training 
group. Post-training scores were signi fi cantly better in the 
lab-trained group compared to standard residency group on 
both the OSATS checklists and GRS  [  3  ] . 

 An example of the OSATS score sheet and GRS for carpal 
tunnel release has been reported by van Heest et al. (App) 
 [  11  ] . In this study of 28 orthopedic residents representing 
six levels of surgical training, using this tool signi fi cant 
differences were found between the year of training and 
the knowledge test score, global rating scale, and detailed 
checklist  [  11  ] .  

   Cadaveric Models and Synthetic Bones 

 Cadaveric training has been part of surgical education as 
early as the sixteenth century  [  12  ] . Since then, it has remained 
the gold standard of surgical practice prior to operation on 
live patients  [  13  ] . The trainee is exposed to real anatomy 
with varying degrees of validity, depending upon whether 
the cadaver is fresh or embalmed. Disadvantages of this 
model include costs, dif fi culty in procurement, limited time 
frame of use, and the possibility of disease transmission. 

 Over the last few decades, synthetic or plastic bone 
models have been developed to replace cadaveric bones 
and serve as reproducible models to aid in the development 
of basic orthopedic surgical skills  [  14  ] . These models are 
consistent in size, shape, and density and can be modeled 
to nearly any form, no special storage techniques or eth-
ics committee approval is required, and they are relatively 
inexpensive and reproducible in large numbers  [  15  ] . And 
while synthetic bones may lack “face validity” or a sense of 
realism  [  4  ] , they still play a signi fi cant role in the training 
process (Fig.  32.1 ).  

 Fracture  fi xation is the most common application in 
cadaveric and synthetic bone skills training. Leong et al.  [  4  ]  
recruited 21 subjects to validate the use of three models of 
fracture  fi xation in the assessment of technical skills. The sub-

jects were divided into three groups according to their experi-
ence in trauma procedures (novice, intermediate, and expert). 
Each subject was asked to perform three procedures: appli-
cation of a dynamic compression plate on a cadaver porcine 
model, insertion of an un-reamed tibial intramedullary nail, 
and application of a forearm external  fi xator, the latter two on 
synthetic bone models. The primary outcome measures were 
the OSATS and GRS using video recordings of the proce-
dures and motion analysis of the hand movements of the sur-
geons. Their results revealed signi fi cant differences among all 
three levels of expertise based on dynamic compression plate 
 fi xation of pre- fractured porcine tibia. External  fi xation of the 
pre-fractured synthetic ulna model did not differentiate among 
different expertise levels, and intramedullary nail insertion 
into a pre-fractured synthetic tibia model failed to differentiate 
between surgeons with intermediate and expert levels of exper-
tise  [  4  ] . The authors noted: “This study has validated a low-
cost, high- fi delity porcine dynamic compression plate model 
using video rating scores for skills assessment and movement 
analysis. It has also demonstrated that Synbone models for the 
application of an intramedullary nail and an external  fi xator 
are less sensitive and should be improved for further assess-
ment of surgical skills in trauma”  [  4  ] . In the United States, the 
Orthopaedic Trauma Association (OTA –   www.ota.org    ) and 
the AO Foundation a non pro fi t organization of international 
surgeons specializing in the treatment of trauma and disor-
ders of the musculoskeletal system lead the way for orthope-
dic trainees to gain experience at surgical simulation. During 
these courses, trainees become familiar with the various tools 
and implants utilized to repair common fractures. They learn 

  Fig. 32.1    Synthetic bone model in simulation lab       

 

http://www.ota.org/
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reduction techniques as well as proper implant installation, 
drill technique, and screw placement. 

 Tuijthof and colleagues  [  16  ]  developed the Practice 
Arthroscopic Surgical Skills for Perfect Operative Real-
life Treatment (PASSPORT) training environment, a physi-
cal knee model that allows for realistic surgical actions. 
It includes standard portals, menisci that can be probed, 
and simulates problems such as bleeding and air bubbles. 
Medial and lateral springs enable application of varus and 
valgus stresses. Construct validity was assessed by testing 20 
experienced arthroscopy surgeons (>50 knee arthroscopies 
per year) and 8 less-experienced residents in training (<20 
arthroscopies per year). The experienced surgeons were 
signi fi cantly more ef fi cient on PASSPORT than the resi-
dents, taking only 19.7 s on average to complete a speci fi ed 
set of tasks vs. the 55.2 s taken by the residents to complete 
the same tasks  [  16  ] . 

 Howells et al.  [  17  ]  using a laboratory-based shoul-
der simulator demonstrated that regular repetition of 
arthroscopic Bankhart repair was necessary to maintain 
optimum performance. Six fellowship-trained lower-
extremity surgeons were trained to perform an arthroscopic 
Bankhart repair using the Alex Shoulder Professor simu-
lator (Sawbones Europe, Malmö, Sweden) (Fig.  32.2 ). 
Having had no previous experience with Bankhart repair, 
these six surgeons demonstrated a learning curve as they 
improved signi fi cantly through their  fi rst 12 repetitions. The 
surgeons then returned to their respective lower-extremity 
practices and came back after 6 months to be tested again. 
The second set of results demonstrated that the surgeons 
had not retained any of their original improved technical 
skills; instead, they produced learning curves indistinguish-

able from the  fi rst set con fi rming loss of skill in performing 
Bankhart repair  [  17  ] .   

   Computer Tools 

 Orthopedic surgery training requires knowledge and under-
standing of the three-dimensional (3D) anatomy of the skeleton 
and its spatial relation to other anatomical structures, encourag-
ing the development of computer-based simulators aimed at res-
idency training. Software simulation programs assist the trainee 
in conceptualizing complex fracture anatomy and allow them 
to carry out a given surgical procedure in a virtual 3D environ-
ment (Figs.  32.3a  and  b )  [  18  ] . Citak et al.  [  19  ]  created standard 
acetabular fracture models in synthetic pelves and performed 
CT scans that were either registered with 3D planning software 
or used for conventional 2D paper planning. After the planning, 
the fractured pelvis model was submerged in a gel medium to 
simulate soft tissue resistance and to allow the fracture posi-
tion to be maintained when the reduction was complete. The 
accuracy of the reduction was found to be signi fi cantly better 
following planning with virtual 3D software compared to the 
standard technique (Figs.  32.3c, d  and  e ). Similar software with 
the ability of 3D image production and manipulation based on 
patient-speci fi c CT data is also available for joint resurfacing 
arthroplasty or total joint replacement procedures to improve 
accuracy and shorten learning curves  [  20,   21  ] .  

 Blyth et al.  [  22  ]  studied a PC-based virtual reality training 
system designed to evaluate and improve a trainee’s ability to 
accurately reduce and internally  fi x a hip fracture, using stan-
dard anteroposterior and lateral radiographs. The simulator 
software, with a download size of 4 MB, could be accessed 
over the Internet or run on a stand-alone computer. The soft-
ware incorporated all relevant tasks of pinning a hip fracture, 
from positioning of the C-arm and fracture reduction to skin 
incision and placement of the sliding hip screw, plate, and 
cortical screws (Fig.  32.4a–e ). Ten participants were included 
in the study with each performing six operative scenarios 
on the simulator. Results indicated that the simulator had 
good “face validity,” providing a realistic view of the operat-
ing environment as well as testing problem-solving ability. 
The study was not comparative and conclusions were based 
on participants’ subjective feelings with regard to potential 
advantages that the software might provide  [  22  ] .  

 Although available for several years, rapid prototyping, 
or 3D printing, has dropped signi fi cantly in price, making it 
accessible to surgeons who wish to practice an upcoming sur-
gical procedure on realistic plastic models generated from the 
patient’s actual computerized tomography (CT) data  [  23  ] . 

 Advances in computing processing and graphics cards now 
allow researchers to simulate complex injury mechanisms in 
real time. This is particularly useful in training in combat med-
icine. With body armor saving more and more lives,  fi rst 

Electromagnetic
source

Shoulder model

Receptors

  Fig. 32.2    The Alex Shoulder Professor benchtop simulator (Sawbones 
Europe, Malmö, Sweden) and the three-dimensional electromagnetic 
motion tracking system (PATRIOT; Polhemus, Colchester, Vermont) 
used to assess surgical performance (Howells et al.  [  17  ] . Used with per-
mission from  Journal of Bone and Joint Surgery )       
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  Fig. 32.3    ( a ) Lateral ( left ) and posteroanterior ( right ) three-dimen-
sional (3D) computerized tomography (CT) reconstructions of a left 
acetabulum posterior wall fracture. ( b ) Virtual image of the fracture 
generated by the software based upon the preoperative CT images. The 
fracture fragments can be manipulated by the surgeon and reduced vir-
tually after which the plate and the screws are applied. The fracture 
fragments are color-coded and the femur has been digitally subtracted 

for better visualization. ( c ) Rendering the bone translucent, as the sur-
geon would see it on  fl uoroscopy, created this virtual image. This 
enables better control of screw length and direction. ( d ,  e ) Actual post-
operative radiographs of the pelvis and left hip. The  fi nal operative 
result is closely approximated by the preoperative virtual planning 
(© American Academy of Orthopaedic Surgeons. Reprinted from 
Atesok and Schemitsch  [  18  ] , with permission)       
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responders and soldiers in the  fi eld are seeing a dramatic 
increase in extremity injuries including open fractures  [  24  ] . 
Reinig et al.  [  25  ]  are developing a virtual environment for the 
United States Army to teach combat medics about thigh 
trauma. Using  fi nite element modeling (FEM), the authors can 
predict and display how the femur and its surrounding soft tis-
sues will respond to the application of various loads. The 
results are depicted as appropriate images on simulated radio-
graphs, ultrasound, or computerized tomography. Thus, com-

bat medics can practice ahead of time for the wide range of 
devastating injuries they will encounter in the  fi eld.  

   Haptics 

 A major complaint by trainees using early computer-based 
simulators has been the absence of physical feedback from 
the device. The introduction of haptics, or force feedback, 

a

c
d

b

e

  Fig. 32.4    Illustrations of a PC-based virtual reality training system for 
hip fracture  fi xation. ( a ) View of the virtual operating theater, showing 
the image intensi fi er and fracture table. ( b ) View of the virtual operative 
scene showing the skin incision, with the 135º guide plate visible on 
the femur. ( c ) Final reduction at the completion of the procedure with 

soft tissues removed. ( d ) Translucent femur demonstrating superiorly 
placed lag screw. ( e ) Virtual postoperative AP radiograph demonstrat-
ing fracture reduction and  fi xation placement (Reprinted from Blyth 
et al.  [  22  ] , Copyright (2007), with permission from Elsevier)       

 



468 J.D. Mabrey et al.

to current orthopedic simulators gives the trainee a sense 
of shape and texture for the structure that they are work-
ing on. Haptics can produce either active feedback or pas-
sive feedback. In active haptic devices, devices such as the 
PHANTOM (Sensable Technologies, Inc., Woburn, MA) 
generate arti fi cial mechanical resistance at the tip of the 
instrument being manipulated. However, some authors have 
noted that there is a lack of force applied to the shaft of the 
instrument being handled by the trainee  [  26  ] .    This has led 
some researchers such as McCarthy et al.  [  26  ]  to add passive 
haptic simulators that provide feedback along the shaft of a 
simulated arthroscopic instrument which adds to the realistic 
feel of the procedure. Vankipuram et al.  [  27  ]  developed a 
simulation model which provides adequate haptic sensations 
for simulating drilling realistically. The authors suggested 
that simulated drilling with a virtual bone may improve train-
ees’ basic skills and make a positive impact on their drilling 
tasks in real operating conditions.  

   Virtual Reality Simulators for Arthroscopy 
Training 

 Knee arthroscopy has increased 49% between 1996 and 
2006 with 984,607 arthroscopes being performed in 2006 
alone  [  28  ] . One might argue that this increase in numbers 
bodes well for the trainee; however, the majority of these 
arthroscopies are performed in free-standing ambulatory 
surgery centers, and most of those are not associated with 
training programs. Thus, there is an increasing demand 
for arthroscopy in the United States, yet orthopedic resi-
dency programs are faced with the challenge of provid-
ing suf fi cient training while restricting work hours. One 
survey of  fi fth-year, US orthopedic residents revealed that 
only 32% believed that their program devoted adequate 
time for training in arthroscopy in stark contrast to the 
66% of program directors  [  29  ] . 

 The Knee Arthroscopy Surgical Trainer (KAST) devel-
oped by the American Academy of Orthopaedic Surgeons’ 
Task Force on Virtual Reality is designed to provide an intui-
tive and autonomous experience for the orthopedic resident 
 [  30  ] . KAST consists of a hardware component supported by 
proprietary software and a didactic component delivered on 
one of two monitors positioned in front of the trainee 
(Fig.  32.5a ). The core of the hardware component is a pair of 
PHANTOM ®  haptic devices that recreate the feel of the 
arthroscope and the probe within the virtual knee (Fig.  32.5b ). 
The workspace can be raised or lowered electronically to 
accommodate a wide range of statures, sitting or standing. 
To complete the feeling of performing a real arthroscopy, the 
trainee must manipulate a surrogate leg via  fl exion and exten-
sion of the knee and the application of varus and valgus 

forces. The simulator switches seamlessly between a right 
and a left knee, forcing the trainee to be ambidextrous with 
respect to the camera and probe.  

 The arthroscopic images, displayed on the right-hand 
monitor, are generated by a program that recreates three- 
dimensional models of the internal structures of the knee. 
These images are based on data from the Visible Human 
Project  [  31  ]  or similar but higher-resolution cryosectioned 
data (Fig.  32.5d, e ). These structures interact with the virtual 
probe and arthroscope, just as the cartilage and synovial lin-
ing of a real knee would interact. Techniques developed by 
Touch of Life Technologies alter the morphology, posture, 
and pathologies displayed from the data, giving a limitless 
supply of virtual patients  [  30  ] . 

 The didactic component of KAST, known as the 
“Mentor,” is displayed to the trainee on the left monitor 
(Fig.  32.5d ). After logging on to KAST, the Mentor directs 
the trainee through a series of brief lessons demonstrat-
ing how to run the simulator. The Mentor program utilizes 
Hypertext Markup Language (HTML) to display text, 
audio, images, and video. In addition, the Mentor displays 
Interactive Anatomic Animations (IAA) utilizing texture-
mapped polygonal models to render complex anatomic 
scenes that may be altered by the trainee’s actions. After 
that, the trainee is instructed on how to perform a complete 
diagnostic sweep of the knee with the arthroscope only, fol-
lowed by a sweep with a probe in the opposite hand. The 
Mentor continuously records all activity generated by the 
trainee and then provides sophisticated feedback concern-
ing the trainee’s progress. 

 Throughout the session, trainees must achieve pro fi ciency 
while following the instructions from the Mentor program 
(Fig.  32.5d ). The Mentor requires the trainee to score 100% 
on each step before proceeding to the next task. When they 
have successfully completed all required tasks, they do the 
entire procedure on their own and then one last time with the 
entire procedure timed. There is a “God’s-eye view” of 
the outside of the knee that shows where the arthroscope and 
the probe are with respect to the knee anatomy to assist the 
trainee with triangulation (Fig.  32.5a ). This view is not avail-
able once the trainee advances to the timed tasks. KAST will 
continue to evolve through software updates to include 
meniscal resection and ACL repair. KAST has been designed 
so that the same hardware can be used for simulation of 
shoulder arthroscopy  [  30  ] . 

 The system is already up and running at several ortho-
pedic residency training programs including the Durham 
Veterans’ Hospital in North Carolina, the University of 
Michigan in Ann Arbor, the Pan Am Clinic in Winnipeg, 
Brooke Army Medical Center in San Antonio, Banner 
Health in Phoenix, and the University of Colorado at 
Denver  [  30  ] .  
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   Validity and Outcomes of Simulator-Based 
Arthroscopy Training 

 The major concerns with simulator-based arthroscopy train-
ing are the validity of the skills learned on the simulator and 
whether or not they can be transferred to the operating room. 
For many surgeons, VR surgical simulators represent little 
more than a means of evaluating a subject’s dexterity and 
aptitude for video games  [  32  ] . Moreover, there is concern 
that most simulator systems provide training in psychomotor 
skills only and do not address the cognitive components of 

surgical competence (i.e., knowledge, decision making, and 
communication)  [  33  ] . 

 Tuijthof et al.  [  34  ]  evaluated two commercially available 
virtual reality knee simulators, the Insight ArthroVR arthros-
copy simulator (GMV, Madrid, Spain) and the Knee 
Arthroscopy Surgical Trainer (Touch of Life Technologies, 
Aurora, CO, USA), with respect to construct validity (time to 
perform tasks) and face validity (realistic depiction of the 
procedure). Thirty-seven participants that were recruited 
from the authors’ department consisting of three groups of 
increasing level of arthroscopic experience were evaluated: 

  Fig. 32.5    ( a ) View of the Knee Arthroscopy Surgical Trainer (KAST). 
The Mentor screen ( left ) shows the instructions step by step with an 
animated view of each step. The arthroscopy monitor ( right ) displays 
the simulated procedure as in an actual arthroscopic procedure. ( b ) The 
scope and the probe are attached to separate PHANTOM haptic feed-
back devices. ( c ) The replica leg is used to apply varus and valgus 
stresses to the knee. Transducers built into the leg convey the  information 

to the program, and the computer model responds appropriately. ( d ) 
The “Mentor” screen for KAST displays a set of instructions or tasks 
for the trainee on the left side and a “God’s-eye” view on the right to 
help orient the trainee during the initial phases of instruction. Later, 
during timed tasks, the “God’s-eye” view is not available. ( e ) The 
arthroscopy screen displays images as they would appear on a real mon-
itor in the operating room         
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novices with zero cases, intermediates with up to 59 cases, 
and experts with 60 or more cases. The task to determine 
construct validity was designed to be replicated between the 
two simulators and consisted of probing nine anatomic 

 landmarks from the anterolateral portal in knee simulation 
mode. Neither of the simulators were felt to demonstrate full 
construct validity as task times were similar among the three 
groups after only one or two repetitions  [  34  ] . The authors 

d

e

Fig. 32.5 (continued)
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also reported observing face validity for both simulators but 
suggested that there was room for improvement. Both the 
intermediate and expert test subjects felt that the haptics felt 
unrealistic on both simulators  [  34  ] . It should be noted that 
both of the simulators tested rely upon active haptics pro-
vided by PHANTOM feedback devices. 

 McCarthy et al.  [  26  ]  reported validation for the Shef fi eld 
Knee Arthroscopy Training System (SKATS) that uses only 
passive haptics provided by physical structures within the 
knee. Experienced surgeons performed signi fi cantly faster, 
located more pathologies, and demonstrated shorter arthro-
scope path lengths than a less-experienced group of subjects. 
Further studies are planned to investigate “skill transfer and 
training transfer”  [  26  ] . 

 The virtual reality shoulder arthroscopy simulator intro-
duced by Mentice (Mentice Corp, Gothenburg, Sweden) 
has been available for several years and has been a key 
component in validating virtual reality arthroscopic train-
ing. Gomoll et al.  [  9  ]  studied the validity of simulator-
based arthroscopy training by correlating the actual 
surgical experience with the performance on the simula-
tor. Four groups of subjects with different levels of experi-
ence in arthroscopic procedures were compared based on 
their performance in a virtual reality simulator for shoulder 
arthroscopy. Their results revealed statistically signi fi cant 
differences across all groups (i.e., groups with more real 
experience in arthroscopic procedures performed better on 
the simulator) in all parameters of performance assessment 
such as time to completion of the module, the distance trav-
eled with the tip of the probe compared with a computer-
determined optimal distance, the average velocity of probe 
movement, and the number of probe collisions with tissues. 
Participants were also questioned on their prior experience 
with video games, and no signi fi cant difference was found 
on simulation performance between subjects with prior 
video game experience compared to those without. The 
authors stated that “This indicates that the skill set tested 
may be similar to the one developed in the operating room, 
thus suggesting its use as a potential tool for the future eval-
uation of surgical trainees”  [  9  ] . They then retested the train-
ees 3 years after their initial evaluation on an arthroscopy 
simulator and reported that individuals who had gained 
surgical experience in the interval between two identical 
arthroscopic simulation tests demonstrated substantially 
improved results on the simulator as well  [  35  ] . Pedowitz 
et al.  [  36  ]  were among the  fi rst to demonstrate that the 
Mentice shoulder simulator could distinguish among medi-
cal students, orthopedic residents, and experienced faculty 
in terms of time of completion of task and in the ef fi ciency 
with which they completed assigned tasks  [  36  ] . Similarly, 
Srivastava et al.  [  37  ]  reported that experienced shoulder 
arthroscopists consistently performed better on the simula-
tor than did surgeons in training or medical students. 

 More recently, Martin et al.  [  38  ]  demonstrated a strong 
correlation between performance of basic arthroscopic tasks 
on the Insight Arthro VR shoulder simulator (Immersion, 
San Jose, California, USA) and performance of the same 
tasks in a cadaveric model. Their results provide further 
evidence supporting the validity of arthroscopic simulators 
as a bene fi cial educational tool in the assessment of perfor-
mance in a surgical setting. Howells et al.  [  39  ]  investigated 
the effects of lab-based simulator training on the ability 
of surgical trainees to perform diagnostic arthroscopy on 
real patients. A total of 20 junior orthopedic trainees were 
randomized to receive a standard protocol of arthroscopic 
simulator training ( n  = 10) or traditional training without 
simulation ( n  = 10). Participants were all within the  fi rst 2 
years of training and had minimal experience of arthros-
copy (i.e., assisted or observed <10 arthroscopies). Motion 
analysis method was used to track the improvements in 
performance of the trainees in the simulator group through 
the course of simulated training. Following 1 week of 
training, an experienced knee surgeon, who was blinded 
to groups, supervised all 20 trainees in the operating room 
while they were performing a diagnostic arthroscopy and 
assessed their performance using a standard checklist and 
an OSATS GRS. Motion analysis showed that the per-
formance of all trainees in the simulator group improved 
signi fi cantly through subsequent training episodes at the 
end of training. Analysis of the performance in the operat-
ing room demonstrated that scores of the simulator group 
were signi fi cantly better according to standard checklist 
and global rating scores. The authors stated that “ortho-
paedic surgical trainees who have undergone a period of 
lab-based arthroscopic simulator training go on to dem-
onstrate improved technical performance in the OR com-
pared with an untrained group”  [  39  ] . 

 Current data demonstrating the transfer validity of 
arthroscopic skills acquired through simulator-based training 
to the operating theater is limited. However, general opinion 
is that a standardized simulator training may allow orthopedic 
surgery residency programs to accelerate residents’ acquisi-
tion of basic skills required in arthroscopy while minimizing 
the increased operative times and potential iatrogenic injury 
to patients that are associated with the learning of such skills 
during actual surgical procedures  [  39  ] .  

   Practical and Future Applications 

 Perhaps the gold standard for orthopedic simulation is 
the OLC (Orthopaedic Learning Center) Education and 
Conference Center in Rosemont, Illinois. Operating on 
the  fi rst  fl oor of the national headquarters of the American 
Academy of Orthopaedic Surgeons (AAOS), the OLC 
is a world-class bio-skills laboratory providing up to 20 
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workstations at a time for arthroscopy and total joint, 
spine, hand, foot, and trauma procedures. While primarily 
focusing on fresh cadavers as the main source of teach-
ing material, there are plans to incorporate the KAST as 
an adjunct to arthroscopy training when it becomes more 
widely available. 

 One of the more innovative approaches in training ortho-
pedic residents on how to perform total knee arthroplasty is 
the incorporation of computer-assisted surgery (CAS) tools 
such as BrainLAB into a traditional OSATS-style test-
ing protocol  [  40  ] . Myden et al. developed a 3-day course 
that took junior orthopedic residents through a traditional 
OSATS skills test for total knee replacement (TKA) and 
then had the residents learn how to perform TKA on foam 
bones using computer-guided surgery  [  40  ] . Quantitatively, 
the junior residents participating in this combined program 
with just one standard TKA and two CAS TKAs improved 
as much as residents who had been trained with up to six 
TKAs on foam bones, suggesting that the use of the CAS 
system improved the residents’ skills faster than the tradi-
tional method. 

 The advantage of CAS as an instructional tool for TKA is 
that it gives immediate feedback to the user in a very struc-
tured manner. Alignment of cutting blocks and components 
are readily displayed on the CAS screen (Fig.  32.6 ), and the 
entire procedure is presented in a stepwise fashion identical 
to the format used in the actual operating room.  

 The future of orthopedic simulation holds great promise, 
particularly with the advent of new motion-based game 

 controllers such as the Wii Remote ™  Plus from Nintendo ®  
and the Xbox ®  Kinect ™  from Microsoft ® . It is not too hard to 
imagine individual companies developing their own web-
based, motion-controlled surgical simulation programs that 
could be accessed through the Internet using a Kinect ™  con-
troller on an Xbox ®  360 console purchased for less than $300 
from Amazon.com ® .  

   Conclusion 

 A variety of educational techniques are available to the 
orthopedic resident in training, ranging from simple 
Sawbones ™  to complex virtual reality simulators. The 
degree to which these devices recreate actual orthopedic 
procedure varies with the tasks at hand. As with the other 
specialties in this book, the major hurdles toward integrat-
ing these techniques into the modern orthopedic curriculum 
are both cost and time. Costs for the high-end simulators 
will stabilize, but it is unlikely that they will reach the level 
of mass-produced video games and consoles, although 
McCarthy’s group  [  26  ]  is on track to develop a valid 
 low-end knee simulator. Educators must make hospital 
administrators and medical school deans aware of the 
 tremendous advantage in economics and safety of investing 
in simulator products that enable orthopedic trainees to 
enter the operating room for the  fi rst time with a preexisting 
skill set.  

  Fig. 32.6    Screen shot of 
computer-assisted surgery (CAS) 
system from Exactech, 
Gainesville, FL. The position and 
sizing of the implant is presented 
on the left of the screen, while 
the order of the surgical work fl ow 
is listed on the right with this step 
highlighted. Combined with 
traditional foam bone training, 
CAS may accelerate the learning 
curve for residents in training. 
Additional training of surgeons in 
practice may be enhanced by 
utilizing 3D printouts of femurs 
and tibias from actual patients 
with challenging deformities       
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   Appendix                

Use this form to review the Operative Report for Carpal Tunnel Syndrome Release. 

TABLE E-1 Assessment of Operative Report Dictation (10 pts)

1.    Preparation (consent/time out)

2.    Positioning/Prep of patient/arm

3.    Proper skin incision (describes landmarks)

4.    Proper dissection of tissue layers (skin, subcutaneous
       fat, palmar fascia, transverse carpal ligament) 

5.    Proper identification and protection of structures at risk
       (palmar arch, branches of median nerve)  

6.    Complete release of transverse carpal ligament (proximal
       and distal extent) 

7.    Verification of integrity/condition of median nerve and
       recurrent motor branch 

8.    Appropriate closure

9.    Demonstrates logical order of dictation

10.  Demonstrates efficient and concise description of
       the surgical procedure; completed within allotted time 

NoYes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No



474 J.D. Mabrey et al.

    

Proctor Number: ____________________        Actual Start Time: _________________ 

Resident Number: ___________________        Actual Stop Time: _________________ 

Date: ________  Specimen #________       

Checklist

Skin incision: _________

Skin incision from wrist crease to 
Kaplan line, in line with radial  

TABLE E-2 Detailed Checklist - Carpal Tunnel Release Proctor Score Sheet*  

aspect of ring finger- drawn  
appropriately 
Holds knife perpendicular to tissue 
plane (incision is perpendicular to  
skin without flaps or skiving) 
Applies appropriate pressure for skin  
penetration without multiple passes   
Makes flaps with minimal tissue  
handling (minimal grasping,  
regrasping, tissue trauma, etc)  

Layered dissection: ___________ 
Incision is perpendicularly completed 
to the level of the palmar fascia 
Proper use of tissue retractors for  
deeper dissection 
Palmar fascia is incised perpendicular  
in the same plane through its length  
Identifies distal border of transverse  
carpal ligament  
Identifies and protects palmar arch  
at distal end of wound  
Complete release of TCL

Yes  No 

(*The detailed checklist was adapted from the task-specific checklist shown in: Reznick R,
Regehr G, MacRae H, Martin J, McCulloch W. Testing technical skill via an innovative
“bench station” examination. Am J Surg. 1997;173:226–30.) 

ADVERSE EVENTS
Palmar arch injury  
Guyon canal release  
Median nerve or flexor tendon  
Injury 
Other

Transverse carpal ligament: ____
Yes  No 

TCL is incised on its ulnar border 
TCL is incised perpendicular in the  
same plane through its length  
Median nerve is visualized as  
decompressed through its distal  
extent
Median nerve is visualized as
decompressed through its proximal
extent
Recurrent motor branch is visualized
as decompressed

Closure using 3 sutures: _____________ 
Places suture following curve of
needle AND passes needle through
tissue with supination: pronates wrist
to regrasp needle
Starts instrument tie with square throw
AND subsequent throws are square to 
previous  
Ties knot without tissue  
strangulation (appropriate skin  
tension) 
Appropriate knot spacing

PASS/FAIL ASSESSMENT 
FAIL PASS 
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Resident Number_______; Proctor Number______:  

Station Carpal Tunnel 
To be completed by faculty observer 

Please circle the number for each category, irrespective of the trainee’s PGY level. 

TABLE E-3 Global Rating Scale of Operative Performance*

Instrument ID and Handling

  

Quality of Incision 
1 2 3 4 5 

1 2 3 4 5 

Quality of Suturing 
1 2 3 4 5 

Quality of Knots 
1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

Respect for Tissue 

Motion and Flow  

Score (6 -30): ________ 

(*Adapted from the Global Rating Scale of Operative Performance shown in: Reznick R, 
Regehr G, MacRae H, Martin J, McCulloch W. Testing technical skill via an innovative 
“bench station” examination. Am J Surg. 1997;173:226–30.)

Named all instruments;
easily selected correct

instruments;
used them appropriately

all  of the time  

Could name same, not all instruments;
hesitated or changed mind in

selecting instruments;
handled them appropriately

most of the time

Could not name instruments,
selected wrong instrument(s);

handled instruments
inappropriately

Poor technique
skin compromised,

multiple passes

Poor technique
poor manual dexterity,

uneven closure

Poor technique
couldn’t do all 3 ties,

insecure knots

Frequently used unnecessay
force, or caused damage

on tissue

Many unnecessary moves,
frequent stops + starts,

frequently grasped, 
regrasped tissue

Moderately good technique
skin roughly handled,
difficulty with depth

Moderately good technique
moderate dexterity, uneven spacing,

acceptable closure

Moderately good technique
some ties were done better than others,

mostly secure knots

Careful handling of tissue
but occasionally used

damage

Some unnecessary moves,
reasonably efficient, smooth 

progression,
occasional reprasing of tissue

Excellent technique
single pass in one plane

excellent depth  

Excellent technique
excellent dexterity
excellent closure

Excellent technique
excellent execution of all 3 ties,

very secure knots

Very careful handling of tissues
with minimal or

no damage

Clear economy of movement
easy flow /rhythm throughout,
minimal regrasping of tissue
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          Introduction 

 The myriad of simulators developed in otolaryngology broadly 
span the disciplines of otology, rhinology, airway, and head 
and neck surgery. Moreover, interpersonal, professional, and 
communication clinical skills can be honed using simulators. 
These distinct and individual simulators can be organized into 
curricula and delivered in various formats whether as weekly 
didactic curricula for residents and fellows or as aggregated, 
concentrated exposures in courses. Simulators in otolaryngol-
ogy will continue to thrive, evolve, and play a greater, more 
vital role in the future education of residents and even skills 
improvement for experienced surgeons. 

 Otolaryngologists have approached simulation with a 
broad perspective and have developed or adapted a wide 
variety of simulators and types of simulation. Simulators in 
Otolaryngology range from simple, physical models to vir-
tual electronic marvels and from low cost to high technology. 
Some of these simulators have been developed by otolaryn-
gologists for speci fi c Otolaryngologic purposes and some 
have been designed for other purposes but have been adopted 
or adapted for Otolaryngology. Based on identi fi ed learning 

objectives, otolaryngologists have incorporated these simu-
lators into a spectrum of simulations which may address 
technical skills, medical management and judgment, com-
munication, teamwork and leadership, and systems improve-
ments. Otolaryngologists are also using simulation as a 
platform from which to develop and re fi ne assessment meth-
ods and tools and to provide objective documentation of both 
technical and nontechnical skills. 

 As in other specialties, simulation can be used to develop, 
maintain, optimize, and test skills  [  1  ] . 

 Simulation uniformly includes directed practice and 
debrie fi ng, which are essential components of adult education 
 [  2  ] . Simulation allows learners to explore, make mistakes, and 
recover from mistakes without direct risk to patients. 
Simulation incorporated into a comprehensive curriculum 
provides learning opportunities based on the needs of learners 
rather than the needs of patients  [  3  ] . In some circumstances, 
using simulation-based education may be an ethical impera-
tive  [  4  ] . Simulation provides essential tools which allow clini-
cal educators to take advantage of the rapid pace of technologic 
advances, as well as helping manage the impact of resource 
limitations and ever-increasing societal expectations. 

 In parallel with other specialties, the issue of simulator 
and simulation  fi delity, or realism, is also of major concern 
for otolaryngology. This characteristic relates to the entire 
simulation and encompasses more than the features of the 
simulator. Fidelity is not the same as the level of technology 
of a particular simulator, e.g., a low technology simulator 
may be high  fi delity for a speci fi c learning objective and vice 
versa. Fidelity is a complex combination of the physical and 
technologic characteristics of the simulator, the setting and 
circumstances in which the simulation occurs, and their rela-
tionship to the educational needs of the learner(s). 

 Within Otolaryngology, there are notable areas of exper-
tise in developing simulators and simulations and in the 
development of tools and strategies to assess learning and 
competence. In this chapter we explore the diversity of simu-
lators and simulation used in otolaryngology.  
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   Overview of Simulation for Otolaryngology 

 There is a long, proud history of simulation in otolaryngol-
ogy. Chevalier Jackson, who shaped modern bronchoe-
sophagology, advocated practice and demonstrated his 
methods using simulation techniques almost a century ago. 
Films donated to the American Bronchoesophagological 
Association by his family show him demonstrating both 
bronchoscopic and open surgical procedures which can be 
viewed online (at   http://abea.net)      [  5,   6  ] . 

 Dissecting cadaveric temporal bones to learn both the 
anatomy and the techniques important for mastoid surgi-
cal procedures is a time-honored mainstay of otolaryngol-
ogy residencies. Learners have long used cadavers, 
anesthetized animals, and other biologic tissue to improve 
their anatomic knowledge and surgical skills. Even expe-
rienced surgeons use various types of simulation to explore 
new technologies and to hone their skills as advances in 
imaging, surgical tools, surgical devices, and surgical pro-
cedures evolve. 

 A variety of simulators are described below, but they rep-
resent only the beginning of the process of developing a 
simulation. When seeking pure task training to develop tech-
nical skills, an isolated simulator may be optimal, and the 
opportunity to practice speci fi c skills in a solitary manner is 
invaluable. If learning objectives addressing skills such as 
teamwork, communication, and leadership are sought, entire 
scenarios can be created, including case descriptions which 
incorporate the same content as a clinical encounter, provid-
ing opportunities for realistic, even interprofessional, diag-
nostic, and management interactions and interventions. To 
augment the realism and comprehensiveness of a simulation, 
use of actual surgical equipment, or relevant radiographic 
studies, or even a fog machine to simulate smoke may be 
warranted. Realism can also be augmented by conducting 
the simulation in a space designed to look like an operating 
room or a clinic or a patient care room – or the realism could 
be optimized by conducting the simulation “in situ,” in a real 
operating room. Learners may also bene fi t from interacting 
with a “confederate” who role-plays another participant, 
a skilled “standardized patient” who is trained to represent 
speci fi c conditions and provide feedback to the learner, or 
other learners in the setting of multidisciplinary or interpro-
fessional simulations.  

   Otology Simulators 

 Cadaveric temporal bones used for dissection represent one 
of the oldest simulators that are used to train otologic sur-
gery. Anatomic relationships within the temporal bone are 
complex and challenging. The ossicles, cochlea, vestibular 
labyrinth, and facial nerve, which control hearing, balance, 

and facial motion, are all very small structures which can be 
dif fi cult to localize and identify but lay in close proximity 
within the surgical  fi eld. Dissection through the temporal 
bone is also used to provide access to the skull base. Cadaveric 
dissection sets the standard against which other methods 
must compare in order to gain general acceptance as valid 
training alternatives to live surgery  [  7  ] . However, infectious 
concerns and increasing dif fi culty procuring cadaveric tem-
poral bones limit exposure of trainees to this type of simula-
tor. These challenges to cadaveric temporal bone dissection 
have spawned interest in alternate otologic simulators. 

 Several types of non-cadaveric temporal bone simulators 
have been developed. Some are actual physical models made 
out of arti fi cial materials. The Pettigrew bone is made of 
plastic and incorporates colored structures to highlight rel-
evant otologic anatomy  [  7,   8  ] . Recent 3D printing technol-
ogy has further expanded the possibilities for this sort of 
simulator. This novel technology may someday allow us to 
print physical models based on actual patient pathology 
from radiographic imaging data already available. 
Furthermore, as this technology advances, it may allow us 
to improve upon the anatomic  fi delity of currently available 
physical temporal bone models. Stryker (Kalamazoo, MI) 
markets a physical temporal bone composed of a bone-like 
material which can be drilled using standard tools but has an 
electronic interface including embedded electrodes and an 
image guidance system, both of which can provide feedback 
to trainees in real time as they drill (Fig.  33.1 ). The elec-
trodes can ascertain when vital structures, such as the facial 
nerve, are damaged or violated and provide metric summa-
ries for performance analysis.  

 Kuppersmith et al. were among the  fi rst proponents of the 
power of virtual reality simulators for otology training by 
otolaryngology trainees. They speci fi cally discussed the 

  Fig. 33.1    Physical temporal bone simulator with electronic interface 
(Stryker, Kalamazoo, MI) providing metrics and image guidance       

 

http://abea.net/
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development of an anatomically accurate virtual 3D environ-
ment whereby trainees could practice surgical skills with 
force, vibratory, and auditory feedback  [  9  ] . Several other 
groups have developed virtual reality (VR) temporal bone 
dissection simulators including Agus et al., the Ohio State 
VR simulator, the Stanford VR simulator, the VOXEL-MAN 
TempoSurg VR simulator (Fig.  33.2 ), the Visible Ear Surgery 
VR simulator, the CSIRO/Melbourne VR simulator, and    the 
Karl Storz Surgical Cockpit ENT VR simulator  [  10–  15  ] .  

 Most of the VR simulators incorporate haptic and audi-
tory feedback. Kerwin et al. reported on increasing the real-
ism of VR temporal bone drilling by rendering  fl uid dynamics 
including bleeding effects, meniscus rendering, and refrac-
tion  [  16  ] . The neurosurgical literature also reports a VR sim-
ulator designed for transpetrous extended approaches  [  17  ] . 
Unfortunately, many of these simulators are prototypes and 
not commercially available for purchase. 

 Besides the challenges of development and production, 
there is also the burden upon the developers to undertake the 
great monetary and time investment of intensive validation. 
Wiet et al. have recently published a manuscript detailing the 
validation of the Ohio State VR temporal bone simulator at 
eight different institutions across the USA; practice on their 
VR simulator was found to be equivalent to practice on 
cadaveric temporal bones  [  18  ] . 

 Similar to physical models with electronic interfaces, VR 
simulators allow unlimited opportunities for practice includ-
ing some components of competency assessment and feed-
back without requiring the presence of an expert surgeon 
during each dissection. Time for dissection, identi fi cation 
and violation of key structures, and ef fi ciency of movement 
can all be measured. Additionally, comparing VR temporal 
bone simulators to both cadaveric and physical models, there 
is not a physical limit as to the number of temporal bones 
available for dissection, mistakes can be “reversed,” and the 
trainee does not have to discard a temporal bone to start over. 
Moreover, by comparing the “pixels” or areas of bone 
removed by a trainee to compiled data from expert dissec-
tions, one can score adequacy of dissection  [  12,   18  ] . 
Incorporation of these competency measurements into the 
simulator is an active area of research. As computer hard-
ware and software technology advances, so to will the real-
ism of current VR platforms. Some have proposed that during 
the early stages of training, three-dimensional models and 
virtual reality temporal bone simulators are more than ade-
quate to meet trainees’ needs…[and] the holistic bene fi ts of 
cadaveric dissection would be better utilized once trainees 
have reached the “autonomous” stage  [  7  ] . 

 Although there is a lot of interest and great potential for 
the use of technology-augmented simulators, several low 
technology otologic simulators also exist. Mathews et al. 
describe an incus and stapes footplate simulator for stapes 
prosthesis placement comprised of a disposable drinking 

cup, toothpicks, and a tongue depressor  [  19  ] . Similarly, Owa 
et al. describe another low-cost simulator for stapes prosthe-
sis placement made out of ward-based materials  [  20  ] . 

 For the novice otolaryngologist, even myringotomy tube 
insertion, which typically includes the use of a microscope, 
is challenging and can be simulated. Several otolaryngolo-
gists have constructed simple models designed to allow 
beginners to practice hand-eye or hand-eye-microscope 
coordination (Fig.  33.3 ). Volsky et al. describe a physical 
anatomic model of a head with tympanic membrane cartridge 
components which  fi t inside the ear canal, allowing for 
repeated attempts at performing myringotomy and pressure 

  Fig. 33.2    Virtual reality temporal bone simulator (VOXEL-Man, 
Hamburg, Germany), providing auditory information, haptic interface, 
and metrics       

  Fig. 33.3    Constructed otology simulator, for practicing myringotomy 
tube insertion and of fi ce-based procedures. A piece of plastic inserted 
between the wooden blocks functions as a tympanic membrane. Foreign 
bodies, or lotion to represent otorrhea, can be placed in the external ear 
canal. The narrower aperture represents a stenotic ear canal. Simulator 
developed by Steve Handler, MD       
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equalization tube placement. Construct validity has been 
demonstrated for this simulator, as it has been shown to 
 discriminate novice from non-novice users  [  21  ] . There are 
also virtual reality simulators for performing a myringo-
tomy  [  22,   23  ] .   

   Sinus Simulators 

 Rhinologic and sinus simulators have some characteristics 
which are similar to otology simulators, in that the under-
lying anatomic framework which the simulator replicates is 
bone, but there are also important differences. In contrast to 
the rigidity of much of the temporal bone, many of the bones 
in the nose and sinuses are thin and are manipulated or dis-
placed (i.e., “outfractured”) during surgical procedures, so 
it would be optimal to represent them as non-static struc-
tures. The delicate soft tissue interface within rhinosinus 
anatomy is also complex. Sinus simulator development has 
parallels with otology simulator development, in that both 
3- dimensional and virtual models have been built. 

 The ES3 simulator, a virtual sinus simulator with an ana-
tomic, haptic interface, has been extensively studied by 
Weghorst, Rudman, Edmond, Fried, and several coauthors, 
and is one of the most comprehensively validated extant sim-
ulators  [  1  ] . Learning exercises with this simulator include 
both nonanatomic skills (e.g., using a surgical orientation, 
but manipulating abstract shapes) and speci fi c anatomic 
exercises, such as middle turbinate medialization and uncine-
ctomy  [  1  ] . Additional virtual simulators include the Nasal 
Endoscopy Simulator  [  24,   25  ] , the Voxel Man SinuSurg  [  26  ] , 
and a simulator described by Caversaccio et al.  [  27  ] . Most of 
the virtual sinus simulators include haptic feedback and an 
anatomic interface; and most are in the prototype phase. 
Caversaccio et al. found no improvement in actual proce-
dures on patients  [  27  ] . Edmond suggested and Fried et al. 
documented improved operative technique and performance 
during actual surgery related to training with the ES3 simula-
tor  [  1,   28  ] . 

 Several physical rhinosinus models have been developed 
 [  29–  31  ] . Leung et al. describe both a physical and cadaveric 
model which can be used for both nonanatomic and anatomic 
skill training  [  32  ] . Malekzadeh et al. have developed and 
validated a low cost, low technology gelatin model which is 
semi-anatomic (Fig.  33.4 )  [  33  ] .  

 An epistaxis simulator can be constructed from material 
generally available in simulation centers and is useful for 
novices who are learning how to utilize a headlight as well as 
how to construct and apply nasal packing (Fig.  33.5 )  [  34  ] . 
Thin tubing inserted through the back of the mannequin’s 
head and into its nose allows simulated blood to  fl ow until 
the learner inserts packing materials or an epistaxis control 
device to staunch the bleeding. Both anterior and posterior 
nasal packs can be inserted.   

   Airway Simulators 

 Although all surgical procedures require skill and involve 
risk for patients, airway work exempli fi es the challenges 
which make simulation valuable to the otolaryngologist, the 
anesthesiologist, and their patients. For example, a typical 
resident would be expected to manage between 0.2 and 3.9 
cases of foreign body aspiration per year, depending on their 
training location  [  35  ] . Traditionally, simulation used to learn 
these techniques occurred in an animal laboratory. Currently 
the management of aspirated foreign bodies can also be prac-
ticed by inserting a foreign body into a variety of full body 
mannequins, and this exercise can be repeated as many times 
as desired (Fig.  33.6 )  [  36  ] .  

 In general, the mannequins’ airway characteristics are not 
identical to those of humans, but they are suf fi ciently repre-
sentative, particularly for novices who are also learning how 
to manipulate the appropriate instruments. When a physical 

a

b

  Fig. 33.4    Sinus surgery    model constructed from gelatin and other 
items. The gelatin model ( a ) is placed behind the mannequin face ( b ). 
Entering the maxillary sinuses releases the contents of the raw eggs, 
which can be suctioned. Simulator developed by, and photos courtesy 
of, Sonya Malekzadeh, MD       
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model with representative laryngeal, tracheal and endobron-
chial anatomy is used (whether low or high technology), air-
way anatomy can be learned using actual equipment, such as 

laryngoscopes, rigid telescopes or  fi beroptic bronchoscopes. 
Howells et al found that students who had trained on a simu-
lator were able to develop intubation skills in actual patients 
more quickly and safely than those without simulator train-
ing  [  37  ] . Rowe and Cohen demonstrated improved skills 
during bronchoscopy on real patients after residents trained 
on a VR bronchoscopy simulator  [  38  ] . Jabbour et al. are 
developing fabricated organosilicate airway complexes 
which provide additional anatomic  fi delity  [  39  ] . 

 After the learner manages basic instrument manipulation 
skills, the complexity of the simulation can be increased to 
represent a more comprehensive experience, including 
reviewing radiographs prior to performing the procedure, 
planning and coordinating with the anesthesiologist, etc. If a 
high-technology mannequin is used, additional conditions 
and characteristics can be modeled, such as oxygen desatura-
tion, asymmetric chest wall expansion, and laryngospasm. 

 Burns et al. have adapted a model which takes advantage 
of the small caliber vascular network present in the chorioal-
lantoic membrane of chicken eggs, providing a responsive 
biologic platform for laser and microlaryngeal procedures 
 [  40,   41  ] . Several models have been developed for simulating 
tonsillectomy; most attempt to replicate the challenge of 
accessing distant structures (e.g., the tonsils in the orophar-
ynx) through a relatively narrow aperture in a very represen-
tative fashion  [  42,   43  ] .  

   Head and Neck Simulators 

 Recent advances in Head and Neck Surgery with Transoral 
Robotic Surgery has created a new need for training both new 
and experienced otolaryngologists in these novel techniques. 
This has spawned the creation of robotic skill training simula-
tors including  da Vinci Skills Simulator  (Intuitive Surgical, 
Sunnyvale, CA); and Robotic Surgical Simulator (Simulated 
Surgical Systems, Williamsville, NY) for robot-assisted sur-
gical procedures. The  da Vinci Skills Simulator  is a training 
device that integrates into an existing surgeon’s console and 
includes abstract and anatomic virtual reality exercises that 
can be projected to the trainee through the binocular optics 
(Fig.  33.7 ). A simulator can also be created with the robotic 
arms and the surgeon’s console. Physical task training exer-
cises can also be performed using the actual robotic instru-
mentation. The virtual reality exercises have all the 
aforementioned advantages of virtual reality simulators, 
including the ability to repeat exercises, the ability to practice 
skills without the need of an attendant experienced surgeon, 
and the ability to compile data regarding competency assess-
ment, such as time to completion of tasks, instrument colli-
sions, and movement ef fi ciency, with real-time feedback.  

 Despite these recent advances, not all head and neck simu-
lators require expensive or complex technology. Simulators 
valuable in training head and neck techniques of local  fl aps 

  Fig. 33.5    Epistaxis model. Faculty controls the  fl ow of “blood” through 
the tubing inserting from the back of the head into the nasal cavity       

  Fig. 33.6    Resident removing an “aspirated” foreign body from a high-
technology infant simulator (SimBaby, Laerdal, Wappinger Falls, NY) 
in an “ad hoc” simulation setting during an Airway Foreign Body 
Course. Note the image from the bronchoscope on the endoscopy moni-
tor, and the vital signs monitor displaying physiologic data; the pulse 
oximeter also provides audible information. If the mannequin is not 
adequately ventilated, the pulse oximetry reading will decrease; if the 
endoscopist does not adequately coordinate with the “anesthesiologist,” 
the mannequin will demonstrate laryngospasm       
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include the traditional use of pig’s feet and photographs. Local 
rotation and advancement  fl aps can be marked out and planned 
on pictures of patients with actual lesions in various anatomic 
regions. Trainees can then go a step further and actually prac-
tice executing these local  fl aps using pigs’ feet, surgical instru-
mentation, and suturing techniques (Fig.  33.8 )  [  44  ] .  

 Microvascular anastomosis is another skill set with an 
available simulator. Biomet (Warsaw, Indiana) has a kit which 
is a physical task trainer with a delicate synthetic vessel that 
must be anastomosed with appropriate suture (Fig.  33.9 ). 
Following the completion of the anastomosis, the trainee can 
inject simulated blood through the vessel to check for leaks. 
Trainees ideally should wear surgical loupes or use surgical 
microscopes to increase the realism of the simulation.  

 Plating courses sponsored by organizations such as the 
AO Foundation (Davos, Switzerland) or plating manufac-
turers such as Synthes (West Chester, PA) or Stryker 
(Kalamazoo, MI) can provide hands-on training with physi-
cal task trainers in which craniofacial plates can be af fi xed 
to simulated skulls to practice treating various craniofacial 
fractures. This allows the trainees to become familiar with 
not only the plating technology and instrumentation but also 
the techniques of facial fracture repair prior to performing 
on real patients. 

 Cricothyroidotomy simulators are abundant and varied in 
their characteristics. They range from full body, high-tech 
mannequins with the capability of simulating a “can’t venti-
late, can’t intubate” scenario requiring cricothyroidotomy or 
tracheotomy to physical task trainers which can be con-
structed more economically. Liu et al. have created a virtual 
simulator with haptic feedback  [  45  ]  which employs a Phantom 
haptic interface device (SensAble Technologies, Wilmington, 
MA) and can simulate cervical landmark identi fi cation, inci-
sion with a scalpel blade with bleeding and resistance as the 
scalpel goes through skin, and the resistance of inserting an 
airway into the trachea. Physical task trainers can be con-
structed from mannequins (without using the high- fi delity 
capabilities)  [  46–  48  ] , corrugated tubing  [  48  ] , cadaveric tis-
sue, a porcine airway model  [  49  ] , sheep trachea model  [  50  ] , 
and converted/recycled mannequin heads  [  51  ]  to name a few. 
Some would argue that there is a role for high- fi delity man-
nequins that these low- fi delity options are not able to ful fi ll. 

 John et al. examined the role of stress by comparing the 
time to perform a cricothyroidotomy on a physical task 
trainer in a classroom setting to a “medium- fi delity” simula-
tor incorporated in a “can’t intubate, can’t ventilate” scenario 
including pharyngeal edema, laryngospasm, and restricted 
neck extension as well as a vital signs display in a simulated 

  Fig. 33.7    Learner at a robotic console (da Vinci, Intuitive, Sunnyvale, 
CA), demonstrating practice of robotic manipulation skills with nonan-
atomic tasks       

  Fig. 33.8    Participants design local rotation and advancement  fl aps on pho-
tographs of lesions and then execute the  fl aps on biologic tissue (pigs’ feet)       

  Fig. 33.9    Task trainer for practicing microvascular anastomosis 
(Biomet, Warsaw, IN)       
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operating room setting  [  47  ] . Seventy-seven percent of tested 
anesthesiologists in this randomized crossover study took 
longer with the medium- fi delity simulator as compared to 
the physical task trainer suggesting that stress and time pres-
sures in real-life scenarios may affect the performance of 
cricothyroidotomy. From a strictly skills acquisition perspec-
tive, Friedman et al. suggest in their study that a simple inex-
pensive model constructed from corrugated tubing achieved 
the same effect on objectively rated skill acquisition as did 
an expensive high- fi delity simulator  [  48  ] .  

   Interpersonal and Professional 
Clinical Skills Simulation 

 Besides simulating surgical skills, simulations can be 
designed to help learners acquire or hone communication 
skills, including obtaining informed consent, and delivering 
“bad news” (which includes any sort of information which is 
unpleasant or uncomfortable for the person receiving the 
information). The most advanced of these simulations 
employ “standardized patients,” who are professionals 
trained not only to interact with the learner but also to evalu-
ate and provide feedback to the learner. Less rigorous meth-
ods to simulate a “delivering bad news” situation include 
using faculty, or even other learners, to role-play as a reluc-
tant patient, an anxious family member, or even a dif fi cult 
faculty member who must be awakened in the middle of the 
night with unpleasant information  [  52  ] . 

 Opportunities to practice leadership as well as dif fi cult 
discussions can be built into simulations addressing a variety 
of crises, including “can’t intubate, can’t ventilate” airway 
obstruction emergencies, airway  fi res, and hemorrhage 
(Fig.  33.10 ). The dif fi cult discussions can focus on working 
with another healthcare provider with strongly different man-
agement opinions or disclosure of an adverse event to a patient 
or family member. The participant group can range from sin-
gle-discipline to interprofessional combinations, and the set-
ting can range from participants sitting in chairs in a circle to 
a high-technology in situ or even immersive environment. 
A typical simulation would involve an otolaryngologist coor-
dinating with an anesthesiologist and one or more nurses to 
optimize team functions including communication, while 
managing a mannequin with foreign body aspiration.   

   Practical Implementation of Simulation 
in Otolaryngology 

 A series of simulations, based on gap or needs analyses, can 
be organized into curricula and delivered in various formats. 
Simulations can be interspersed into the weekly didactic cur-
ricula for residents and fellows, replacing speci fi c standard 
lectures or can be aggregated into concentrated exposures. 

 For example, the Airway Foreign Body Endoscopy course 
given at the Children’s Hospital of Philadelphia includes an 
animal laboratory, an interactive, case-based decision -making 
session, and an ad hoc simulation laboratory  incorporating 

  Fig. 33.10    Simulated operating 
room  fi re during simulated 
tonsillectomy involving both 
Otolaryngology residents 
and student registered nurse 
anesthetists. Simulation designed 
by Kelly Malloy, MD, James 
Kearney, MD and Maria Magros, 
CRNA, MS, MSN       
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high-technology full body simulators used for foreign body 
removal, a virtual reality simulator used to explore endo-
bronchial anatomy, and a “delivering bad news” role-playing 
session designed to help residents prepare for “dif fi cult” con-
versations (Table  33.1 ). The course is given over one inten-
sive day, which starts with a few brief lectures and then the 
residents rotate through each of the stations.  

 Both an “Otolaryngology (ORL) Emergencies Boot 
Camp” for junior ORL residents and an “ORL Rising Chief 
boot camp” are also single intensive days, designed to pro-
vide progressive experience in isolated skills, then more 
complex tasks, and  fi nally procedures and management 
requiring teamwork and communication as well as technical 
skills.     For example, in the ORL Emergencies Boot Camp, 
residents perform skills such as intubation and then more 
complex tasks, such as anterior and posterior nasal packing 
to manage epistaxis, and then participate in “complex sce-
narios” in which a small group of residents collaborates to 
diagnose and manage an expanding neck hematoma in a 
high-technology mannequin  [  53  ] . In the ORL Rising Chief 

Boot Camp, residents begin by  participating in skills such 
as designing and performing local  fl aps on pigs’ feet, then 
practice with robots and both virtual and physical temporal 
bone simulators, and  fi nally collaborate to manage an airway 
emergency in a high-technology mannequin, which includes 
interacting with a “confederate” role-playing an uncoopera-
tive consultant (Fig.  33.11 ).   

   Challenges and Opportunities 
in Otolaryngology Simulation 

 Challenges for simulation in general include the potential for 
discrepant modeling, a plateau effect, lack of skill transla-
tion, and the rapid evolution of technology, making compari-
sons dif fi cult. Simulation is often more valuable for novices, 
but this will likely change as simulators improve over time, 
and when using them to model the anatomy of speci fi c 
patients to practice speci fi c procedures becomes easier. 

 There are also challenges for simulation speci fi c to otolar-
yngology. Although Otolaryngology shares the need to learn 
and  fi nesse interpersonal and professional skills with all 
medical specialties, and many surgical skills, such as sutur-
ing the surfaces of organs, with other surgical specialties, we 
also have unique learning and practice requirements. Many 
of our procedures require indirect manipulation of tissue; we 
use instruments to access structures which we cannot reach 
manually and work at the far end of narrow tunnels from 
entryways with narrow apertures. In these circumstances, the 
impact of edema and hemorrhage are magni fi ed, but these 
complications are not yet well modeled by most simulators. 
Endoscopic removal of endobronchial foreign bodies in chil-
dren provides a challenging example. Additionally, many of 
our procedures are accomplished on extraordinarily small 
structures, such as the ossicles within the temporal bone. 

 Simulation has been used to test the reliability of an objective 
Operative Competency Assessment Tool developed by Ishman 
and colleagues  [  54,   55  ] . This type of tool may be useful for 
competency-based accreditation which will likely be required in 

   Table 33.1    Components of the Airway Foreign Body Endoscopy course; a 1-day course designed for novice Otolaryngology Residents and 
Pediatric Surgery Fellows; developed by Ian N. Jacobs, MD; Ellen S. Deutsch, MD; and Karen B. Zur, MD and held at the Children’s Hospital of 
Philadelphia   

 Topic or skill  Components 

 Basic understanding of foreign body aspiration, anesthesia, 
anatomy, instruments and related topics 

 Keynote address, plus 4 brief related lectures 

 Removal of various aspirated foreign bodies from an animal model  Animal laboratory 
 Removal of aspirated foreign bodies from a high-technology 
mannequin, including complications such as laryngospasm 

 High-technology infant mannequin 

 Delivering bad news  Role-playing dif fi cult conversations, facilitated by faculty 
 Virtual bronchoscopy  Virtual reality bronchoscopy simulator 
 Foreign body aspiration case-based decision making  Powerpoint-based presentation of a case of foreign body aspiration, 

requiring a series of decisions as the patient progresses from presentation 
in the Emergency Department through complications in the operating 
room, utilizing an audience response system to stimulate discussion 

  Fig. 33.11    Control area for complex scenario, involving multiple par-
ticipants managing a surgical complication in a high-technology manne-
quin (Photograph taken at the Penn Medicine Clinical Simulation Center, 
Philadelphia, PA, during the 2012 ORL Rising Chief Boot Camp)       
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the future by regulatory organizations such as the Accreditation 
Council for Graduate Medical Education (ACGME). With some 
creativity, simulation can be used in partial ful fi llment of all of 
the current ACGME competency requirements  [  56  ] . The rela-
tively small numbers of residents and fellows per year in train-
ing programs makes collaboration essential for meaningful 
validation, although it should not be presumed that research 
should be limited to otolaryngologists still in training. 

 Otolaryngology simulation extends beyond training 
endeavors. Roy and Smith used biologic tissue as a model to 
evaluate the impact of varying oxygen concentrations and 
surgical instruments on the risk of initiating an operating 
room  fi re within a cavity  [  57  ] . 

 Looking forward, the American Academy of Otolaryngology 
– Head and Neck Surgery has established an Otolaryngology 
Surgical Simulation Task Force which is evaluating the current 
state of the art of simulation, providing information about 
simulation to academy membership, nurturing collaborations 
and making recommendations for applications and future 
directions for simulation in Otolaryngology.  

   Conclusions 

 Simulators have long been used in otolaryngology, but educa-
tional and technologic advances create the opportunities, and 
resource limitations and societal expectations create the need 
to use them more broadly. Otolaryngologists have risen to this 
challenge and developed or adapted simulators for otolaryn-
gology which include low and high- technology models, 
physical and virtual models, inexpensive and expensive mod-
els, home-made and commercial models, live humans, cadav-
ers, anesthetized animals, and biologic tissue which can be 
purchased at the grocery store. The diversity of options are 
complementary  [  52  ] , allowing selection of the most appropri-
ate simulator for speci fi c learning objectives. These simula-
tors are then incorporated into simulations which address 
technical and medical skills, as well as safety, teamwork, and 
communication. Several speci fi c simulators have achieved 
face, content, and construct validity,  [  1,   18,   58  ]  and speci fi c 
simulators have also been demonstrated to improve skills in 
simulated settings and even operational performance in actual 
patient care  [  1,   12,   18,   37,   38  ] . Simulation is revolutionizing 
surgical training for learners at all career stages. The com-
plexity and importance of expertise in otolaryngology pro-
vides many opportunities to expand and shape simulation to 
bene fi t our patients. The  fi eld of otolaryngology simulation, 
built on deep roots, is vibrant and thriving.      
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          Introduction 

 Pain medicine and palliative care are diverse and challenging 
 fi elds with overlapping disciplines that include anesthesiol-
ogy, physical medicine and rehabilitation, neurology, psy-
chiatry, and geriatrics. In order to achieve a high degree of 
 fi delity in simulating the complex multidisciplinary  fi elds of 
pain medicine and palliative care, simulation curricula must 
encompass technical and nontechnical skills utilizing stan-
dardized patients, procedure-based part-task trainers, as well 
as rare occurrence management on full human patient simu-
lators. This chapter will review the state of simulation-based 
education in pain medicine and palliative care, outline future 
directions, and present an example of complex multimodal 
simulation that addresses the needs of trainees and practicing 
physicians in these  fi elds.  

   Simulation Modalities 

   Provider Interaction: Standardized Patients 
and Virtual Reality 

 Provider interaction with patients, family members, caretak-
ers, and other healthcare practitioners is an integral part of 
pain medicine and palliative care practices. These interac-
tions, which may include the delivery of bad news, provi-
sion of emotional support, discussion of end-of-life care 

(i.e. DNR orders, etc.) integration of evidence-based medi-
cine into recommendations, evaluation of management 
and total suffering, and titration of analgesics, among oth-
ers can be simulated with the use of standardized patients 
(SP) or computer-based virtual reality (VR) programs  [  1–  5  ] . 
Unfortunately, simulation is rarely integrated into the train-
ing of physicians who must provide dif fi cult news—in one 
survey only 13% of respondents experienced it during their 
training. The same study noted that simulation training may 
help physicians feel prepared for dif fi cult conversations and 
that ongoing experience was strongly associated with com-
fort level  [  6  ] . 

   Standardized Patients (SP) 
 Both standardized patients and standardized patient families 
have been used in palliative care education and have been 
found to be valuable at improving and assessing the provi-
sion of palliative care  [  1,   7–  13  ] . Standardized patient fami-
lies have been employed to educate gerontological nurse 
practitioner students about the needs of patients and their 
families during the end-of-life period  [  1  ] . A simulation 
designed to elicit the ability of ICU physicians to initiate pal-
liative care was found not only to be a high- fi delity tool but 
highlighted a signi fi cant variability in treatment decisions 
 [  6  ] . In another ICU-based study, an Objective Structured 
Clinical Examination (OSCE) was developed to assess the 
ability of surgical residents to lead an end-of-life discussion 
and to disclose an iatrogenic complication. This pilot OSCE 
was found to provide residents with a positive learning expe-
rience and valid formative feedback; however, as is the case 
with all SP simulations, a review of the tapes revealed a need 
for greater standardization of the actor’s roles  [  7  ] . 

 The use of standardized patients was useful in training 
pediatric residents to communicate bad news and understand 
the emotions that they and the parents may experience  [  9  ] . 
A multi-professional communication skills program that 
relied on standardized patients to explore the challenges of 
communicating with cancer patients and their families 
appeared to be effective in providing a meaningful learning 
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experience  [  8  ] . In order to address the longitudinal nature of 
patient-provider interactions in palliative care, an extended 
standardized patient scenario (ESPS) was developed, which 
was presented over several sessions, depicting various points 
in the patient’s disease progression  [  10  ] . While the use of 
SPs in pain medicine has not been described, as a  fi eld it 
readily lends itself to the application of above strategies, as 
well as those from other closely related disciplines  [  14–  16  ] .  

   Virtual Reality (VR) 
 Computer-based patient simulation offers an effective means 
of providing simulation training to large numbers of indi-
viduals. Avatar (a virtual reality patient)-mediated training 
has several advantages over SPs, such as superior standard-
ization, breadth of simulated personalities and pathologies, 
ease of scheduling, and decreased expense  [  2,   17  ] . A recent 
study using avatars found that participants responded favor-
ably to this educational modality and had improved self-
ef fi cacy in delivering bad news  [  2  ] . Other research indicates 
that computer-based simulation is useful as a teaching tool 
for residents treating malignancy related pain— improving 
the residents’ abilities to rapidly initiate analgesia, measure 
pain scores at appropriate intervals, and titrate long acting 
agents, resulting in a signi fi cant reduction of pain scores 
 [  18  ] . Interestingly, strategies of using VR not only for pro-
vider education in palliative care but as a therapeutic modal-
ity for patients in end-of-life care have been proposed  [  12, 
  19,   20  ] . Use of VR in Pain Medicine has not been described, 
but it is clear that improvement of provider competence in 
pharmacologic, behavioral, social, and interpersonal aspects 
of patient care is critical to successful multidisciplinary man-
agement of pain and suffering  [  15,   21  ] .  

   Future Directions 
 There are multiple interpersonal interaction scenarios in pal-
liative care and pain medicine to which standardized patients 
and VR technologies may be readily applied. For example, 
new patient interviews that would prompt the trainee to elicit 
certain history and physical exam  fi ndings, order appropri-
ate diagnostic workup, as well as tailor a treatment regimen. 
Scenarios that involve dealing with aberrant drug behavior 
would hone a practitioner’s skills in identifying and manag-
ing at-risk individuals. Additionally, simulated interactions 
with other members of the treatment team, such as refer-
ring physicians, could develop a trainee’s ability to clearly 
and effectively communicate, a cornerstone of providing 
ef fi cient comprehensive care in a multidisciplinary environ-
ment. As with all simulation, these exercises would be useful 
in both education and assessment of practitioners and should 
be designed with level of training in mind. Basic scenarios 
may be introduced early in training, with more complex sce-
narios reserved for fellowship training, board certi fi cation or 
recerti fi cation. 

 As this chapter is being written, the authors are 
 designing a comprehensive simulation-based pain medicine 
 curriculum for the American Society of Anesthesiologists 
(ASA) Maintenance of Certi fi cation in Anesthesiology for 
Subspecialties (MOCA-SUBS) Program. Part IV of this pro-
gram, Practice Performance Assessment and Improvement 
(PPAI), requires that physicians participate in a simulation 
course at an ASA-endorsed center (see    Chaps.   17     and   48    ) 
during each 10-year accreditation cycle  [  22  ] . SPs, VR, as 
well as modalities discussed later in this chapter such as 
part-task trainers, and full-scale mannequin simulations are 
being employed to craft a multimodality high- fi delity, self-
assessment, and learning tool for current practitioners in the 
 fi eld of pain medicine.   

   Procedure-Based Simulators 

   Current Technology 
 Strict procedural skills fall under the domain of pain medi-
cine more so than of palliative care. Multiple studies have 
shown that simulation is effective in teaching procedural 
skills in the  fi elds of general surgery, robotic surgery, urol-
ogy, otorhinolaryngology, neurosurgery, medicine, anesthe-
siology, pain medicine, among others  [  23–  31  ] . However, 
few studies have been designed to show direct improve-
ments in clinical outcomes from the use of simulation for 
training  [  31  ] . 

 Procedures may be simulated with the aid of live 
human models, cadavers, animal models, part-task train-
ers, and VR—each modality possessing inherent bene fi ts 
and limitations. While live human models offer the high-
est  fi delity to teach gross and radiographic anatomy and 
are extensively used in simulation of ultrasound-guided 
regional anesthesia and pain medicine procedures, the 
actual procedure itself cannot be performed for obvious 
reasons. Use of live animal models for procedural simu-
lation is very limited due to ethical considerations and 
cost but can offer high  fi delity. Part-task trainers, such 
as those produced by Blue Phantom TM , for simulation of 
spinal/epidural and ultrasound-guided peripheral nerve 
blocks offer high  fi delity in procedural performance, but 
studies detailing their impact on trainees do not exist 
(Figs.  34.1  and  34.2 ). Furthermore, a study comparing 
simulated placement of an epidural catheter in a high- vs. 
low- fi delity model revealed no differences in the Manual 
Skill Checklist or Global Rating Scale scores between the 
two modalities  [  32  ] . Haptic actuators for simulation of 
epidural anesthesia and other needle insertion procedures 
have been described but are not currently commercially 
available  [  33  ] .   

 Virtual reality procedural simulators combine haptics (tac-
tile feedback technology) with images of either gross and/or 

http://dx.doi.org/10.1007/978-1-4614-5993-4_17
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imaging (i.e., ultrasound) derived anatomy. One such device 
is the Common Platform Medical Skills Trainer (CPMST) 
from Touch of Life Technologies (Fig.  34.3 ). Images of gross 
anatomy derived from the Visible Human Dataset (detailed 
dataset of cross-sectional photographs of the human body) 
and of corresponding ultrasound anatomy are coupled with 
haptic devices, allowing for an immersive, high- fi delity envi-
ronment for performing ultrasound-guided nerve blocks.  

 Another VR device is Medical Simulation Corporation’s 
(MSC) SimSuite ®  neurostimulation simulator (Fig.  34.4 ). This 
technology offers healthcare providers an environment in 
which to advance their skills in spinal cord stimulation (SCS) 
from needle insertion to manipulation of leads to mapping for 
optimal pain management. Simulation features include virtual 
 fl uoroscopy for 3D tracking of needle, C-arm manipulation 
with lateral views, tactile feedback, needle and lead navigation 
and manipulation, programmable complications, suture skill 
practice, mapping to optimize pain management for a variety 
of patient presentations, and patient interaction.  

 In addition to allowing practitioners to hone their proce-
dural skills in a risk-free environment, these simulators are 
portable, allowing for on-site education. Unfortunately, there 
are no studies detailing outcomes of provider training with 
either of these simulation platforms.  

   Future Directions 
 Most pain medicine procedures are minimally invasive image 
guided in nature—a combination that readily lends itself to 
procedural simulation. For example, the CPMST or SimSuite 
could be expanded to allow for ultrasound,  fl uoroscopically, 
or CT-guided procedures such as celiac plexus block, stellate 
ganglion block, vertebral augmentation, spinals/epidurals, 
cervical medial branch blocks, and multiple other minimally 
invasive pain medicine procedures. Synthetic anatomically 
driven part-task trainers, like those used for peripheral ultra-
sound-guided blocks, can also be adapted for pain speci fi c 
procedural simulation.   

   Rare and Critical Occurrence Management 

 High- fi delity mannequin simulation of rare and critical 
events has been well described in multiple medical disci-
plines; however, little work has been done in the  fi elds of 
Palliative Care and Pain Medicine  [  31,   34–  38  ] . An imple-
mentation of a simulation program for palliative care provid-
ers at the Montagu Clinical Simulation Center in the UK has 
been described  [  39  ] . Scenarios, which were jointly written by 
staff from several hospitals included anaphylaxis, collapse of 
a relative, hypercalcemia, spinal cord compression, hemor-
rhage, an end-of-life event,  fi nding an overdosed patient, and 
a relative wishing to reverse a “do not resuscitate” directive 
immediately post cardiac arrest. Elements of crisis avoidance 
and resource management were integrated into the debrie fi ng 
process. Participants in this 1-day program reported increased 
con fi dence in the management of rare events, greater aware-
ness of the need to plan for such events, consolidation of 
existing knowledge, appreciation for being able to commu-
nicate with colleagues away from situational pressures, and 
a high sense of personal achievement associated with com-
pleting a psychologically demanding educational event. This 
program provides a good framework for the creation of other 
Palliative Care simulation curricula. 

 Application of full-scale mannequin simulation speci fi cally 
to pain medicine has not been described, although a report 
has linked a case of successful resuscitation of bupivacaine-
induced cardiac arrest to recent simulation training  [  40  ] . 
As previously discussed, the authors are currently creating 
a MOCA-SUBS Pain Medicine Simulation Curriculum. In 
addition to the mannequins, the multimodality simulations 
will include SPs and VR and address topics like anaphy-
laxis (to IV contrast or local anesthetics), seizure (e.g., IV 
injection of local anesthetic complicating stellate ganglion 
block or IV phenol complicating celiac plexus block), 
respiratory arrest (inadvertent while re fi lling an intrathe-
cal pump), torsades de points  (secondary to  methadone 

a b  Fig. 34.1    Lumbar   /thoracic 
epidural/spinal placement 
simulator ( a ) Simulator with back 
insert in place ( b ) Teaching 
epidural placement with the 
simulator (Reproduced with 
permission from Blue Phantom™, 
Redmond, VA)       
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 toxicity), serotonin syndrome (drug-drug interaction 
between opioids and tricyclic antidepressants), hyperten-
sive emergencies (during cervical epidural steroid injec-
tion), pneumothorax (after paravertebral or intercostal 
nerve block) and hypotension (due to sympathectomy post 
celiac plexus block), among others. These simulations will 
be multimodal, incorporating rare and critical occurrence 
management simulation, SPs/VR, and procedure simula-
tion in order to enhance their  fi delity  [  22  ] .   

   Proposed Multimodal Curriculum 

 The following example, comprised of four stages, is a com-
prehensive simulation of the management of a 62-year-old 
male with intractable pain secondary to pancreatic adenocar-
cinoma presenting for celiac plexus block (Table  34.1 ).  

 In the initial stage, the practitioner will interact with a 
simulated patient (either SP or VR) to perform an assess-
ment and decide if a celiac plexus block is an appropriate 

a

b

  Fig. 34.2    ( a ) “Ultrasound 
Andy,” the original Blue 
Phantom™ head-neck-upper torso 
ultrasound-guided regional 
anesthesia and central venous 
access model. ( b ) Ultrasound 
image of “Ultrasound Andy’s” 
infraclavicular brachial plexus 
(Reproduced with permission 
from Blue Phantom ™, 
Redmond, VA)       
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 intervention. If so, a thorough explanation of the procedure 
must be provided and consent obtained. 

 During the second stage of the simulation the practitioner 
will move to a part-task device where s/he will perform a 
simulated CT or  fl uoroscopically guided celiac plexus block. 
Upon completion of the block the practitioner would have 
to diagnose that the patient is experiencing local anesthetic 
toxicity (LAST). 

 For the third stage of the simulation, a full-scale manne-
quin simulator will be used to replicate the complication, and 
the practitioner will proceed to initiate management and acti-
vate a help system. 

 In the  fi nal stage of the simulation, the practitioner would 
return to a standardized patient/s (SP or VR) in order to brief 
the patient’s family on the procedure, complication, and a 
proposed pain management plan.  

   Conclusion 

 By combining multiple simulator technologies into a suite of 
simulations, educators can present a comprehensive, engag-
ing experience to introduce and reinforce key concepts and 
procedural tasks salient to pain and palliative care practitio-
ners. Alternatively, the simulator suite approach allows facil-
itators to design a thorough assessment of the breadth of a 
practitioner’s skill set for evaluative purposes. While some of 
the technologies described in this chapter are still under 
development, pain and palliative care practitioners involved 
in simulation can use this generalized multimodal approach 
with available equipment to create valuable education and 
evaluation tools.      

  Fig. 34.3    Common Platform Medical Skills Trainer (CPMST) 
(Courtesy of Touch of Life Technologies, Aurora, CO)       
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          Introduction 

 Resuscitation of pediatric patients is complex and can prove 
challenging even for experienced healthcare providers. 
Survival following pediatric cardiac arrest remains poor in 
both the in- and out-of-hospital settings  [  1,   2  ] . Fortunately 
pediatric cardiac arrests occur infrequently  [  3  ] . This likely 
relates to the predominant nature of pediatric cardiac arrests, 
where early recognition of respiratory compromise or shock 
with appropriate, rapid intervention can prevent the pro-
gression to cardiac arrest  [  4,   5  ] . Training programs to edu-
cate healthcare providers (HCPs) on early recognition and 
initial management of acutely ill pediatric patients, along 

with  continuous quality improvement measures to ensure 
 appropriate systems, and delivery of care should be funda-
mental concepts in caring for pediatric patients. 

 The American Academy of Pediatrics Committee on 
Pediatric Emergency Medicine noted concerns regarding the 
variability of training and the lack of pediatric experience of 
HCPs providing emergency care for pediatric patients  [  6  ] . 
Additionally, a survey of emergency medicine residency pro-
gram directors found that there was variable and insuf fi cient 
exposure to acutely ill pediatric patients for their trainees—
yet despite this limited pediatric acute care training, most 
residents were expected to care for acutely ill pediatric 
patients once in practice  [  7  ] . It is therefore no surprise that, 
while a signi fi cant majority of practicing emergency medi-
cine physicians felt their residency completely prepared 
them to manage adult cardiac arrest (76%) and trauma resus-
citation (60%), only a quarter of the survey respondents felt 
completely prepared to manage pediatric cardiac arrest or 
trauma following residency  [  8  ] . Similarly, in a large pediat-
rics training program, only about a third of senior residents 
had ever led a resuscitation with only one-sixth of all resi-
dents ever discharging a de fi brillator on an actual patient  [  9  ] . 
Advanced resuscitation courses can be helpful to learn resus-
citation skills, but these skills typically deteriorate within 
months, particularly when there is not adequate clinical 
experience  [  10,   11  ] . 

 Simulation-based educational programs are particularly 
suited to address some of the challenges in training HCPs to 
care for sick children. Adults learn best when they are actively 
engaged in the process, both cognitively and emotionally  [  12, 
  13  ] . Simulation allows for experiential learning that may not 
be possible in the clinical setting  [  14  ] . The process of learning 
by “doing,” re fl ecting on the performance to de fi ne the per-
formance gaps and how to address them helps incorporate the 
lessons learned into future practice. Fundamental to this 
learning is the process of debrie fi ng, where a “safe” and sup-
portive environment is created to allow for the open and hon-
est communication of experiences and thoughts of team 
members  [  13  ] . Without this facilitated re fl ection process, 
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improvements in future performance may be limited or actu-
ally not occur at all  [  15,   16  ] . Simulation allows learners to 
appropriately debrief performance following a controlled 
resuscitation event, something that is not often possible for 
the limited pediatric resuscitations that do occur in the (some-
times chaotic) clinical environment  [  17  ] . While clearly the 
relevance and emotional impact of a real resuscitation make it 
an ideal learning opportunity, their relative rarity and the 
inability to optimally debrief the event (or sometimes debrief 
at all) preclude using clinical training exclusively. 

 Simulation-based education also allows for continuous 
quality improvement in pediatric acute care when the fre-
quency of true resuscitation events remains low. It is well 
accepted that medical error accounts for a large number of 
hospital-related deaths  [  18  ] . What may not be as well recog-
nized is that children are at particular risk of these errors, 
with drug dosing errors being the most frequent issue, par-
ticularly in the acute care setting  [  19,   20  ] . Traditional educa-
tional programs have not successfully addressed the issue 
 [  21  ] . Simulation provides opportunity for deliberate practice, 
a more effective method of instruction than traditional clini-
cal education that may help correct/prevent errors  [  22,   23  ] . 
Simulation sessions also allow teams (or larger “systems”) to 
practice in order to identify potential problems that can sub-
sequently be addressed—problems that would not be 
identi fi ed in clinical practice until they actually cause harm! 
This could include the identi fi cation of speci fi c knowledge 
gaps of team members  [  24,   25  ] , teamwork issues that can be 
addressed with subsequent (re)training or even organiza-
tional issues when in situ simulation is utilized (e.g., the 
identi fi cation of a malfunctioning de fi brillators or inadequate 
or improper sizes of available equipment)  [  26–  28  ] . 

 While the focus of simulation-based education in pediat-
rics is frequently on acute life-threatening events or team-
work/crisis resource management, simulation can be useful 
in a variety of other domains such as the training of proce-
dural or surgical skills  [  29  ]  competence, the development of 
communication skills or in more novel methods such as help-
ing the participant develop their own teaching skills. In this 
chapter we will address the use of simulation for education 
and assessment in pediatrics.  

   The “Science” of Pediatric Simulation 

   Best Evidence of Impact 

 Simulation-based education is not meant to replace training 
in the pediatric clinical environment but rather to comple-
ment it and is gaining momentum as a method to educate 
healthcare providers for a myriad of reasons. These include, 
but are not limited to: the unpredictable clinical environment 
where important case presentations may present infrequently; 

a growing patient safety culture that does not allow 
( sometimes unquali fi ed) learners to practice on patients; and 
reduced work hours of medical trainees limiting clinical 
experience and continuity of care  [  30  ] . 

 Kirkpatrick’s classic work outlined levels of training eval-
uation: learner reaction (i.e., how much they liked it), learning 
transfer (i.e., did it result in improved performance in the 
clinical environment), and results (i.e., did it improve patient 
outcomes)  [  31  ] . Similarly, McGaghie suggests a classi fi cation 
system that evaluates learning outcomes in the controlled 
educational laboratory (T1), transfer to patient care practice 
(T2), and ultimately to improved patient outcomes (T3)  [  32  ] . 
Unfortunately, relatively few published articles on education 
for clinical practitioners focus on patient outcome, the highest 
level of impact from training  [  33  ] . 

 The literature in simulation-based education is evolving 
rapidly with important new articles published almost monthly. 
The evidence of increased learner satisfaction and actual learn-
ing is relatively common with learners demonstrating a prefer-
ence for simulation over traditional learning formats  [  34–  37  ] . 
Recent publications also suggest that healthcare providers 
improve their con fi dence in their resuscitation skills with 
increased opportunities for simulation-based training and that 
con fi dence correlates better with their mock code experience 
than the number of real codes they attended  [  17,   38,   39  ] . This 
may relate in part to the more active roles and the consistency 
of debrie fi ng that they receive in the simulation environment. 
Self-ef fi cacy, or belief in one’s capability to organize and exe-
cute the course of action required to achieve desired outcomes 
 [  40  ] , is poor amongst frontline physicians caring for sick pedi-
atric patients  [  41,   42  ] . Increased self-ef fi cacy in a task has 
been associated with an increase in subsequent performance 
of that behavior. Therefore, resuscitation education programs 
should aim not only to improve performance but also the self-
ef fi cacy of the learners, as even those who are knowledgeable 
and skilled in resuscitation may not apply lifesaving interven-
tions if they do not believe in their ability  [  43,   44  ] . 

 The evidence for pediatric simulation affecting clinical 
performance and patient outcomes is beginning to appear in 
the medical literature. A recent randomized control trial dem-
onstrated residents learning lumbar punctures (LP) with sim-
ulation-based deliberate practice were more successful on 
their next LP attempt on actual patients—an important out-
come from a child’s or parent’s perspective  [  29  ] . For observed 
and evaluated intubations in the Pediatric Intensive Care set-
ting, teams performed better if at least two of the team mem-
bers had undergone simulation training  [  45  ] . Finally, in a 
landmark study, Andreatta and colleagues demonstrated dra-
matically improved patient survival from cardiac arrest after 
introducing a formal simulation-based mock code program. 
The outcomes of patients at their particular institution 
improved from a survival of rate of 33% to a dramatic 56%. 
Particularly striking from this study was the notion that 
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 cardiac arrest survival correlated to the number of simulation 
sessions conducted in that particular year—and that the 
speci fi c type of rhythms focused on within the mock code 
program (e.g., pulseless or with a pulse) showed the greatest 
improvements in clinical outcomes for the years they were 
focused on in the mock code program (Fig.  35.1 )  [  46  ] .   

   Discipline-Speci fi c Curricula 

   General and In-Patient Pediatrics 
 Pediatric training programs have struggled to provide ade-
quate exposure to acute care cases and opportunities for 
advanced procedural skills for residents in training. 
Traditional “mock code” programs with static mannequins 
lacked realism and relied heavily on the instructor to provide 
timely feedback during the scenario. Over the years, educa-
tors have recognized the bene fi ts of simulation and how a 
higher level of environmental and physical realism can 
enhance the learning outcomes for trainees of all levels. 
Simulation allows participants to practice in an environment 
that closely mimics real life, thus allowing learners to be 
fully immersed and engaged in the learning experience  [  47  ] . 

 Recently, leaders in pediatric resuscitation education have 
incorporated more simulation-based education into both the 
Neonatal Resuscitation Program (NRP) and the Pediatric 
Advanced Life Support (PALS) course. The use of increased 
realism and debrie fi ng in this context will provide pediatric 
healthcare providers the foundation of knowledge and skills 
necessary to look after acutely ill children. The growth of 
simulation around the world has also lead to the genesis of 
novel simulation curricula that have been integrated into pre-
existing pediatric curricula. These curricula have been devel-
oped to enhance three primary skill sets: cognitive skills 

(content knowledge), technical skills, and crisis resource 
management. 

 Pediatric simulation educators recently developed a 
 curriculum which integrated modular, training year-speci fi c 
simulation courses with a longitudinal just-in-time mock code 
program. The program was developed based on a thorough 
needs assessment, which included a comprehensive review of 
Royal College of Physicians and Surgeons of Canada (RCPSC) 
and Accreditation Council for Graduate Medical Education 
(ACGME) objectives for pediatric residency training. Three 
year-speci fi c simulation-based courses were then developed 
and implemented which were run once a year for residents in 
years 1, 2, and 3 of pediatric residency training. These 1-day 
courses included a mix of learning formats—including  lecture, 
high-realism simulation, debrie fi ng, and small group discus-
sions. Table  35.1  outlines the curriculum content for each 
year-speci fi c course  [  48  ] .  

 In addition to the modular, year-speci fi c courses, the cur-
riculum included longitudinal in situ just-in-time mock 
codes using high-realism simulation in an interprofessional 
setting. The topic of the mock code was determined by 
selecting the sickest patient on the clinical teaching unit, 
and simulating their status should they deteriorate. This 
approach allowed the residents (and the entire HCP team) to 
be prepared for a potential deterioration of that patient, 
familiarized them to the equipment for resuscitation, and 
provided them the opportunity to practice in a multidisci-
plinary team-based environment. The use of pediatric mock 
codes is reviewed further in section “ Pediatric Critical Care 
Medicine ”.  

   Pediatric Emergency Medicine 
 There has been a signi fi cant implementation of simulation-
based learning in pediatric emergency medicine (PEM) 
 training. Adler et al. described the implementation of a 1-day, 
six-case simulation-based pediatric emergency medicine 
 curriculum and concluded that focused, frequent, and effort-
ful instructional interventions are necessary to achieve 
 substantial performance improvements  [  49  ] . A longitudinal 
approach to the integration of simulation into the PEM cur-
riculum was taken by Cheng et al. who developed a package 
of 43 different acute care scenarios that were delivered over 2 
years of PEM training, packaged as 12 different core and sub-
specialty modules. Each module, consisting of three or four 
simulation cases, was designed to be delivered over 3–4 h, 
with learning targeted at a speci fi c theme or specialty. 
Knowledge, technical skills, and behavioral skills were dis-
cussed and reviewed after each simulation with a 30–40-min 
facilitated debrie fi ng session. Although trainee performance 
and patient outcomes were not measured after the implemen-
tation of the curriculum, those PEM residents participating in 
the training reported very high satisfaction ratings for this 
method of acute care education. Table  35.2  provides an 
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 overview of the curriculum, along with a description of the cases 
in each module  [  50  ] . Other centers have used simulation to improve 
the performance of pediatric trauma teams noting improved subse-
quent performance in the simulated scenarios  [  35  ] .   

   Neonatal Intensive Care 
 Simulation-based training is gaining momentum in neonatal 
intensive care units (NICU) across the world. Although neo-
natal resuscitation is common, neonates requiring aggressive 
resuscitation at birth are rare. This low-frequency but poten-
tially high-risk event lends itself well to simulation-based 

training  [  51  ] . The traditional NRP program improves cogni-
tive and technical skills but gaps in behavioral skills and 
other areas have been identi fi ed  [  52–  56  ]  and knowledge 
retention is poor  [  57  ] . Simulation is now tightly integrated 
into the NRP curriculum  [  58  ] . 

 Research to determine the impact of simulation-based 
education on neonatal resuscitation is accumulating. Two 
studies have explored the use of a single high- fi delity simula-
tion session compared to either low- fi delity simulation or 
self-study and found no difference in multiple choice exami-
nation scores post-learning though the high- fi delity groups 

   Table 35.1    Pediatric simulation curriculum outline   

  Longitudinal just - in - time mock codes  
 Realistic, multidisciplinary response to acute deterioration of patients 
  Year - 1 course    Year - 2 course    Year - 3 course  
 Critical  fi rst 5 min  Complex medical management  Crisis resource management 
  Knowledge    Knowledge    Knowledge  
 Respiratory failure  Rapid sequence intubation  Leadership 
 Shock  Inotropic support  Communication 
 Seizures  Postarrest management  Resource management 

 Situational awareness 
  Skills    Skills    Skills  
 Bag-valve-mask ventilation  RSI and intubation  Code team leader role 
 IV  fl uid setup and administration  Intraosseous needle insertion  Post-resuscitation debrie fi ng 
 Chest compressions 
  Simulation cases    Simulation cases    Simulation cases  
 Hypovolemic shock  Status asthmaticus  Status asthmaticus 
 Bronchiolitis  Septic shock  Septic shock 
 Anaphylaxis  Status epilepticus  Status epilepticus 
 Status asthmaticus  Cardiogenic shock  Cardiogenic shock 
 Trauma 
 Aspiration pneumonia 
 Status epilepticus 

  This information was originally published in Sam et al.  [  48 , pp. e16–20]. Reprinted by permission 
  Abbreviations :  IV  intravenous,  RSI  Rapid Sequence Intubation  

   Table 35.2    Pediatric emergency medicine curriculum outline: scenario list by modules   

 Year 1   Core modules    Total of 23 scenarios     
 Respiratory emergencies  Status asthmaticus, aspiration pneumonia, upper airway obstruction, acute chest syndrome 
 Cardiac emergencies  Supraventricular tachycardia, unstable ventricular tachycardia, ventricular  fi brillation, PEA/asystole 
 Shock  Septic shock, hypovolemic shock, anaphylactic shock, cardiogenic shock 
 Blunt trauma  Abdominal trauma, major head injury, orthopedic trauma, thoracic trauma 
 Environmental emergencies  Near drowning/hypothermia, electrical injury, smoke inhalation/carbon monoxide poisoning 
 Infant/neonatal emergencies  Nonaccidental injury, bronchiolitis, congenital diaphragmatic hernia, congenital heart disease 

 Year 2   Subspecialty modules    Total of 20 scenarios  
 Toxicology emergencies  Sympathomimetic, anticholinergic, cholinergic and opioid toxidromes 
 Endocrinological emergencies  Diabetic ketoacidsosis, adrenal crisis, thyroid storm 
 Oncological emergencies  Mediastinal mass, hyperleukocytosis/stroke, tumor lysis syndrome 
 Nephrological emergencies  Hypertensive emergency, acute renal failure/hyperkalemia, hyponatremia 
 Neurological emergencies  Status epilepticus, coma/depressed level of consciousness, combative/encephalopathy 
 Penetrating trauma  Thoracic trauma, neck trauma, spinal cord trauma, abdominal trauma 

  Adapted with permission from Cheng et al.  [  50  ]   
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did require less prompting during simulated resuscitations 
 [  59,   60  ] . These studies are limited by the use of a single sim-
ulation session and only cognitive knowledge as the outcome 
variable. More frequent simulation sessions may be required 
to improve knowledge transfer  [  61  ] . 

 Simulation is also being developed and used in novel 
methods for neonatal intensive care. It has been studied as a 
“booster” to previous NRP training to remote communities 
to prevent knowledge decay  [  62  ] . A group consortium has 
formed to develop a “living text book” and “living world” for 
neonatal nurse practitioner education  [  63  ] . Simulation is also 
being used as part of a larger initiative to improve communi-
cation in the labor and delivery environment and during end-
of-life care  [  64,   65  ] . 

 Research evaluating the impact of neonatal simulation on 
patient outcome is limited to date. One study in neonatal air-
way management taught to pediatric residents using a single 
session revealed that although the learners demonstrated 
improved skills on a neonatal mannequin, a bene fi t in actual 
clinical performance was not found (although the study was 
likely underpowered for this outcome)  [  66  ] . In a landmark 
study, Draycott et al. developed an annual simulation-based 
training intervention for obstetrical and neonatal teams  [  67  ] . 
Their intervention decreased the incidence of newborn 
hypoxic-ischemic encephalopathy from 27.3 to 13.6 per 
10,000 births over a 5-year period, demonstrating the poten-
tial bene fi t of simulation-based training on actual patient 
outcomes. Future neonatal simulation studies need to con-
tinue to evaluate changes in actual clinical performance.  

   Pediatric Critical Care Medicine 
 The challenges that exist in the neonatal intensive care envi-
ronment are mirrored in the pediatric intensive care unit 
(PICU). In a recent survey of 76 pediatric residents, it was 
clear that although many of them were involved in the resus-
citation of an acutely ill child, they were not adequately 
trained to respond, especially in basic life support and the 
use of a de fi brillator  [  9  ] . These gaps were noted again in a 
simulator-based study evaluating the performance of pediat-
ric residents during a resuscitation and in airway manage-
ment  [  68  ] . Given these studies one could consider it unethical 
to solely rely on clinical experience to educate our trainees in 
pediatric resuscitation. 

 A number of simulation-based curricula have been devel-
oped and studied in pediatric critical care. Nishisaki and col-
leagues developed a multi-institutional “boot camp” for 
PICU fellows  [  69  ] . Learners participated in whole and small 
group discussions, task training, and high- fi delity simulation 
sessions covering airway management, vascular access, sep-
sis, resuscitation, traumatic brain injury, and delivering bad 
news. In the latter half of the course, each simulation session 
was followed by a debrie fi ng session and then a second sim-
ulation scenario similar to the  fi rst to allow for deliberate 

practice. On a follow-up survey, participants reported 
increased perceived con fi dence and competence following 
the training. The use of the “train-to-success” strategy 
signi fi cantly improved the learners’ perception of the train-
ing effectiveness. 

 Education provided just prior to a clinical event may be 
more effective than standard courses. A “just-in-time” simu-
lator-based refresher training on airway management in the 
PICU was developed and clinical outcomes assessed  [  70  ] . 
Although this approach had no effect on  fi rst-time intubation 
success rate by pediatric residents, there was increased resi-
dent participation as the initial laryngoscopist with no con-
comitant increase in adverse events when compared to 
historical controls. Such training may make senior PICU 
staff more comfortable in allowing junior trainees to perform 
tasks in the PICU. A similar study examined frequent just-in-
time simulator training in CPR (Fig.  35.2 ). It was well 
received by staff and those that were refreshed  ³ 2/month 
demonstrated signi fi cantly shorter time to effective CPR on 
subsequent mannequin assessment  [  71  ] . Subsequent studies 
demonstrated that instructor-led mannequin-based CPR 
booster sessions of pediatric ward staff could improve CPR 
skill acquisition rates and maintain retention of CPR skills 
 [  72,   73  ] . The use of frequent simulation-based updates may 
be a useful method for providers to maintain their skills in 
dealing with rare events, such as pediatric intubation and car-
diac arrest.  

 In order to increase availability of simulation in critical 
care, in situ simulation is becoming more prevalent, either 

  Fig. 35.2    “Rolling Refresher” CPR skill training using “just-in-time” 
and “just-in-place” simulation (Reprinted from Niles et al.  [  71  ] . 
Copyright 2009, with permission from Elsevier       
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permanently located in the PICU, or mobile systems, useable 
virtually anywhere  [  74,   75  ] . One popular use of this tech-
nique is mock codes in which resuscitation teams are called 
to surprise simulations  [  76  ] . These exercises can identify 
learning needs or systemic latent errors that need to be 
addressed  [  26,   77  ] . Niebauer et al. found a very high inci-
dence of hyperventilation by healthcare providers during 
mock resuscitations with a mean ventilation rate of 40.6 
breaths per minute, a problem which has recently been 
con fi rmed in the clinical environment  [  78,   79  ] . Hunt and col-
leagues found that there were deviations from standardized 
basic life support protocols in 75% of resuscitations  [  28  ] . 
These programs have the potential of a large clinical impact 
as demonstrated by Andreatta’s study discussed previously. 

 Pediatric transport is another domain using simulation-based 
training. Although research in this area to date is limited, the 
development of untethered portable pediatric mannequins 
allows simulation-based training to be done in multiple environ-
ments including elevators, ambulances, and helicopters. 

 As cardiac intensive care develops as a separate subspe-
cialty of pediatric critical care, simulation has also been 
incorporated there as an educational technique. Several stud-
ies have demonstrated increased learner self-con fi dence in 
resuscitation following simulation training  [  39,   80  ] . Pye and 
colleagues used simulation to introduce parental presence 
during resuscitation to their cardiac ICU staff  [  81  ] .  

 In addition to more traditional simulations, cardiac-
speci fi c interventions have been studied. An echocardiogra-
phy trainer for identi fi cation of various pediatric congenital 
heart defects has been developed, and though some technical 
challenges remain, it was felt to be realistic and useful  [  82  ] . 
Lo and colleagues have developed a reusable chest opening 
task trainer and have shown improvement in team skills with 
serial simulations of urgent sternal opening in a decompen-
sating postoperative patient  [  83  ] . 

 Simulation-based training has also been used in extracor-
poreal life support and continuous renal replacement therapy 
(CRRT). Lopez-Herce and colleagues used a multimodal 
educational intervention including high- fi delity simulation, 
didactic lectures, and task training with both CRRT and peri-
toneal dialysis machines. Their intervention improved cogni-
tive measures and performance by learners as demonstrated 
by MCQ and simulated performance assessment  [  84  ] . 
Conventional pediatric mannequins have also been modi fi ed 
to interact with extracorporeal membrane oxygenation 
(ECMO) circuits  [  85  ] . Simulation-based training with these 
modi fi ed simulators has improved performance in the simu-
lated environment as well as some modest improvements in 
the clinical environments  [  86,   87  ] .  

   Pediatric Surgery and Pediatric Anesthesia 
 Another domain adopting simulation as an educational tool 
is pediatric surgery. It has been used to develop cognitive and 

behavioral skills as well as more speci fi c surgical task 
 training. Various task trainers using physical models and vir-
tual reality have been developed to allow surgical trainees to 
develop competence in such procedures such as bronchos-
copy, gynecological examinations, cleft lip repair, and lap-
aroscopic surgery  [  88–  92  ] . Patient-speci fi c anatomy can also 
be created in a task trainer to allow practice prior to complex 
surgeries, such as repair of congenital heart conditions  [  93  ] . 
However, widespread adoption for task training has been 
somewhat limited by the relative lack of pediatric-speci fi c 
mannequins and a recent survey of pediatric surgical trainees 
and program directors noted that currently available simula-
tors may not be adequate to improve their skills  [  94  ] . More 
work is required to create more realistic surgical task train-
ers. In a recent survey of pediatric surgical trainees and their 
program directors, although 86.2% of respondents felt that 
simulation-based minimally invasive surgery training 
improves training ef fi ciency, only 31.1% actually felt that 
current simulators had actually improved their skills  [  94  ] . In 
the adult population, the use of simulator-based minimally 
invasive surgery training did reduce error rates in the clinical 
environment  [  95  ] . 

 Simulation has also been used to improve surgical team 
communication. Auguste reported using simulation to pre-
pare surgical teams for a hospital’s  fi rst EXIT procedure for 
a baby with hypoplastic left heart syndrome  [  96  ] . Surgical 
handover is another area where errors are common and simu-
lation is being used to train residents in strategies to improve 
the quality of handover  [  97  ] . 

 Although simulation has been used prominently in adult 
anesthesia pediatric data is limited  [  98,   99  ] . Howard-Quijano 
et al. used simulation to evaluate the ability of pediatric anes-
thesia trainees to manage intraoperative cardiac arrest  [  100  ] . 
Shavit and colleagues assessed a simulation-based sedation 
course that they developed and noted that simulation-trained 
physicians demonstrated improved performance in actual 
patient sedations  [  101  ] . However, more research is clearly 
needed.  

   Adolescent Medicine/Psychiatry 
 A  fi nal area where the use of simulation has been adopted 
as an important educational tool is in the area of adolescent 
medicine. In particular, issues pertaining to the assessment 
of mental health have been explored and measured. The 
simulation used in this group is exclusively standardized 
patients (SP). Some programs have even started to train and 
use actual adolescents in the role of SP. The use of actual 
adolescents as SP has been evaluated positively by students 
interacting with adolescents in this role  [  102  ] . However, 
authors warn that the adolescents must be chosen carefully 
and trained well  [  103  ] . 

 In general, using standardized patients to practice inter-
viewing and counseling skills has a positive effect on  students. 
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These students have been shown to score signi fi cantly higher 
on both measures of knowledge and clinical skills  [  104  ] . 
Additionally, the use of standardized patients has been evalu-
ated in both medical students and residents who have been 
trained in programs that supplemented traditional mental 
health teaching with simulated interactions with a standard-
ized patient in the role of an adolescent with mental health 
issues. Several studies have shown positive effects in the areas 
of knowledge, clinical skills, con fi dence, and interpersonal 
skills. These positive effects have been shown in the mental 
health areas of major depressive disorders and suicide risk 
assessment  [  105,   106  ] . The future of simulation in this patient 
group will focus on other mental health conditions. More 
research is needed into the factors that improve the selection 
and training of adolescents to play the role of SP.   

   Team Training in Pediatrics 

 As specialized teams deliver increasing amounts of pediatric 
care, the importance of teamwork is receiving increased 
attention. Greater evidence is becoming available on the 
widespread prevalence of human factor errors during pediat-
ric resuscitations  [  26,   28  ]  and the importance of good team-
work skills in improving resuscitation team performance 
 [  54  ] . These skills are not explicitly taught in standard train-
ing programs. An alert from the Joint Commission for the 
Accreditation of Healthcare Organizations (JCAHO) noted 
that of 47 cases of neonatal mortality or severe morbidity 
reviewed, ineffective team dynamics played a role in almost 
75% of them  [  107  ] . The Commission recommended that all 
healthcare organizations provide team training, clinical 
drills, and debrie fi ngs to evaluate team performance and 
identify gaps. Simulation-based training provides an oppor-
tunity to provide this education  [  108  ]  and has been recom-
mended by the International Liaison Committee on 
Resuscitation  [  109  ] . 

 To date, there is little data on the use of team training in 
pediatrics. Gilfoyle and colleagues developed a workshop 
with a plenary session followed by simulation sessions to 
teach teamwork skills to pediatric residents  [  42  ] . They dem-
onstrated that residents had improved teamwork skills both 
following the initial training and in a 6-month follow-up when 
compared to a control group. A similar improvement in col-
laboration between physicians and nurses was noted after 
multidisciplinary simulation sessions in another study  [  110  ] . 

 A more recent study randomized participants into three 
groups: standard NRP, standard NRP plus 2 h of team train-
ing or high- fi delity NRP with team training  [  111  ] . As 
expected, participants receiving team training demonstrated 
more team skills, and this improvement was maintained at 
6-month follow-up. However, team training with low- fi delity 
simulation did not improve teamwork skills as compared to 

control suggesting the value of  fi delity in simulation-based 
training. Riley and colleagues developed a perinatal team 
training intervention based on the Team STEPPS ®  program 
developed by the Agency for Healthcare Research and 
Quality  [  112  ] . A didactic-only and simulation plus didactic 
education program was compared to control in this small 
cluster randomized trial. The simulation-based cluster had a 
37% reduction in neonatal adverse outcomes. No improve-
ment was noted in the didactic-only group when compared to 
control. These studies demonstrate that team training can 
improve patient outcomes, but didactic training alone is not 
enough.  

   Assessment Tools in Pediatrics 

 Many evaluation tools have been developed for use in simu-
lation-based education. These assessment tools have been 
developed to evaluate clinical performance, leadership skills, 
and teamwork skills. Several assessment tools to evaluate 
crisis resource management (both team and leader perfor-
mance) were recently reviewed in the literature  [  113  ] . 
However, until recently, very few of these tools have been 
developed or validated in pediatrics. Table  35.3  summarizes 
a variety of assessment tools developed in pediatrics.    

   The “Art” of Pediatric Simulation 

 There is no area of simulation where artful creativity is better 
expressed than in the area of pediatrics. The unique elements 
of caring for pediatric patients and their families present 
unique opportunities to apply simulation in very novel ways. 
The following section reviews some of the very unique and 
novel ways that simulation has been used in pediatrics. We 
also present innovative collaborations and networks that have 
been developed for the provision and assessment of simula-
tion-based education. Finally, we present some of the unique 
challenges and barriers to providing pediatric simulation 
education. 

   Barriers and Challenges 

 Pediatric simulation education programs face a barrier unique 
to other areas of simulation: the diverse range of sizes of 
pediatric patients. From preterm infants, to toddlers, to 
school-aged children, and  fi nally to adolescents, the 
signi fi cant range of patient sizes creates a potential problem 
for simulation educators in terms of maintaining contextual 
realism. This problem exists across the whole spectrum of 
simulation, from standardized patients through to high-
 fi delity patient mannequins. Many programs have  successfully 
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integrated adolescent standardized patients into their training 
and evaluation (OSCEs), while fewer have incorporated 
school-aged children. The younger the child, the more 
dif fi cult it is for them to be truly standardized making it 
impossible to use young children and toddlers as standard-
ized patients. In terms of mannequin-based simulation, and 
in particular high- fi delity patient mannequins, mannequin 
vendors have responded to the problem of a diverse patient 
population by creating different versions of mannequins to 
represent different sizes of patients required within pediatric 
simulation. Although a detailed discussion of the pediatric 
mannequins can be formed in chapter 15, Table  35.4  provides 
a summary of the main mannequin vendors with their high-
 fi delity pediatric versions.  

 One of the most signi fi cant barriers to new and growing 
pediatric simulation programs is the initial cost of purchasing 
enough simulators to span the age ranges desired. Most adult-
based simulation programs will often choose one model of 
simulator that they  fi nd useful and use that in their center. The 
advantage of this is that facilitators and educators only have 
to learn one mannequin platform. In pediatrics, a program 
that wants to cover all available ages would have be pro fi cient 
with at least two mannequin platforms, which can be very 
stressful for program staff, facilitators, and educators. 

 Additionally, not all pediatric mannequins are created equal. 
Mannequin vendors have not equally assigned the same level of 
 fi delity to each of their mannequins, meaning that some of the 
mannequins are better used for certain scenario types than oth-
ers, further compounding the issue raised above. For example, 
some mannequins are better at simulating patients with a chang-
ing level of consciousness, simply because they have automatic 
eye opening and closing versus other mannequins who do not. 
Some mannequins recreate a seizure better than others, while 
others recreate respiratory distress better. Other examples of 

variability include  pupillary changes and reaction to light,  ability 
to obtain a reasonable seal with positive pressure ventilation 
using a bag and mask, chest compressibility, number and distri-
bution of speakers for chest sounds, number of pulses and vari-
able  fi lling, among others. These are important issues to consider 
when deciding on the types of scenarios and the right manne-
quin to match the objectives to maintain the best contextual real-
ism. Finally, there are a number of features missing from the 
current generation of pediatric mannequins that may become 
available in the future. The  fi rst is a real time streaming voice 
that is age appropriate. Currently, most mannequins only have 
“canned” phrases that the mannequin is able to say in an age 
appropriate voice. However, in order to most appropriately 
interact with the healthcare team working with the mannequin, 
a real time streaming voice is essential. This ability currently 
exists in the mannequins; however, there is no voice changing 
ability inherent in the software of the mannequins to change the 
voice from that of the adult simulation facilitator to a more 
appropriate pediatric one. It is anticipated that this would 
become a routine feature of pediatric mannequins in the future. 

 The other clinical  fi nding likely to be of signi fi cant use to 
pediatric simulation educators would be the ability to more 
accurately portray cardiopulmonary perfusion. It would be 
extremely useful to have both peripheral pulses that could move 
through a range of  fi lling and not just dichotomous or trichoto-
mous choices. The incorporation of both central and peripheral 
capillary re fi ll as a routine feature of the mannequins would 
also be extremely valuable to the educators and learners. 

 Although there remain signi fi cant barriers for pediatric 
simulation educators to overcome, many instructors have 
introduced clever scenario designs to overcome the chal-
lenges. This includes the use of clinical photographs or video 
to show capillary re fi ll time, increased work of breathing, 
patient rashes, patient mentation, and seizure activity 
amongst others. Educators have used confederates to provide 
the “history” and some of the “clinical  fi ndings,” particularly 
for scenarios involving infants and young children. Clearly 
these limitations have emphasized the importance of the 
“art” of pediatric simulation education delivery.  

   Novel Uses of Simulation 

   “Confederate” Parents and Family Members 
 One of the more unique aspects of pediatric healthcare is 
dealing with a group of patients that may not be able to com-
municate directly with the healthcare team. This is primarily 
the case in young infants and toddlers. Similarly, it can create 
challenges with the contextual realism of pediatric simula-
tion scenarios as the team may not be able to elicit important 
information from the simulated patient (depending on age). 
As in real life, the presence of a parent becomes essential. 
There are many simulation programs that are successfully 
incorporating confederates acting in the role of a parent. 

   Table 35.4    Summary of pediatric simulation mannequins   

 Vendor 
 High- fi delity 
mannequin 

 Age ranges represented 

 Laerdal  SimNewB™  Premature infant 
 SimBaby™  Infants (<1 year) 
 SimJunior™  5–9 year olds 
 SimMan®  Adult (surrogate for 

adolescent) 
 CAE/METI  BabySIM®  Infants/young toddler 

(<2 years) 
 PediaSIM®  5–9 year olds 
 iStan®/HPS®/ECS®  Adult (surrogate for adolescent) 

 Gaumard  Premie HAL®  Premature infant 
 Newborn HAL®  Infants (<1 year) 
 Pediatric HAL® 
One Year 

 1–3 year olds 

 Pediatric HAL® 
Five Year 

 5–9 year olds 

 HAL®/Susie®  Adult (surrogate for 
adolescent) 
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Although having a parent is important for enhancing the 
 contextual realism of pediatric simulation scenarios, the par-
ent role can also be used as a potential distracter for the team. 
Parent(s) can portray different emotions, including fear and 
anger, as well as repeatedly asking questions or trying to 
interfere with the communication  fl ow in teams. Objectives 
and debrie fi ng of such scenarios may include the appropriate 
communication of the team and the distracting parent. 

 In terms of the background and training for confeder-
ates acting as parents, some programs have incorporated 
trained actor SPs. Although likely the most realistic, this 
is also the most expensive of the options. Other programs 
have used cheaper alternatives, including offering com-
prehensive training to lay people who are either program 
staff or volunteers to effectively portray family members 
in scenarios (Marc Auerbach MD, written communication 
December 2011; Louis Halamek MD, written communica-
tion December 2011).  

   Dif fi cult Conversations 
 A number of pediatric simulation programs have also incor-
porated the parent role as the primary element where the 
mannequin is used more like a “prop.” For instance, this may 
be done for the purpose of breaking bad news to families 
such as revealing a dif fi cult diagnosis or prognosis or to 
facilitate dif fi cult conversations such as those surrounding 
cases of nonaccidental trauma (child abuse), disclosure of 
medical error, or even discussions around end-of-life care 
and organ donation. Using confederates as parents in these 
scenarios can be a powerful way of meeting objectives in 
those challenging areas particularly when real-world clinical 
experiences present so infrequently (Vinay Nadkarni MD, 
written communication, December 2011; Louis Halamek 
MD, written communication, December 2011; Kathy Tobler 
MD, written communication, December 2011; Vincent J. 
Grant, MD, written communication, December 2011).  

   End-of-Life Scenarios 
 In a similar vein, pediatric simulation with the addition of a 
confederate parent has been used to re-create dif fi cult situa-
tions at the end of life. These not only include the dif fi cult 
conversations highlighted above, but the re-creation of the 
clinical  fi ndings of a patient near the end of life allow for 
powerful experience for the appropriate learning group (Vinay 
Nadkarni MD, written communication, December 2011).  

   Teaching Parents and Families via Simulation 
 One of the more unique opportunities being explored at pres-
ent is the possibility of using high- fi delity simulation to 
enhance the teaching of parents and other caregivers of 
patients with known medical needs (Fig.  35.3 ). In some 
ways, this has been occurring for decades with the way that 
cardiopulmonary resuscitation has been taught, but some 
simulation programs have started to include high- fi delity 

simulation speci fi cally to provide instruction, feedback, and 
practice in the speci fi c area of management. Multiple institu-
tions are currently exploring the feasibility and outcome of 
using simulation-based education with families for seizure 
management and rescue medication administration in 
patients with intractable epilepsy and atypical febrile sei-
zures, anaphylaxis, apnea spells, home supplemental oxy-
gen, and tracheostomy care. In fact, simulation-based 
education may now be included into the discharge planning 
process for patients with complex medical needs (Vincent J. 
Grant MD, written communication, December 2011; David 
Grant MD, written communication, December 2011; Farhan 
Bhanji, written communication, January 2012)   

   Outreach Education 
 Up to 95% of pediatric emergency department visits occur out-
side of pediatric tertiary care centers and underscores the need 
for pediatric acute care training in those environments. Rural 
and remote care providers feel very uncomfortable and lack 
con fi dence in their ability to look after ill or injured children. 
This leads to a signi fi cant degree of stress when faced with these 
challenging situations. Simulation-based experiential learning 
may have a particular role in those environments. This training 
can be provided at the major teaching center or through Pediatric 
Simulation Outreach Programs that provide training in the local 
environment. It makes intuitive sense that training teams in their 
own environment, with their own clinical equipment and with 
their usual team members allows for a richer learning 
 environment where issues of system, team process, and 

  Fig. 35.3    Teaching a father to administer a rescue medication to his 
seizing child using a simulation mannequin (©KidSIM™ Pediatric 
Simulation Program, Alberta Children’s Hospital/University of Calgary 
2012. Reproduced with permission)       
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 individual knowledge can be improved. It is not uncommon that 
the barriers to performance in this environment are related to 
room and equipment-speci fi c issues related to the care of pedi-
atric patients, which once addressed, lead the teams to greater 
rates of success (Vincent J. Grant MD, written communication, 
December 2011). Other novel applications of distance educa-
tion include a distance telesimulation program between the 
Children’s Hospital of Philadelphia and programs in Japan 
where facilitators in Philadelphia are able to lead debrie fi ng on 
scenarios occurring in real time across the world (Vinay 
Nadkarni MD, written communication, December 2011).  

   Other Novel Uses of Simulation in Pediatrics 
    Mannequin modi fi cations to accommodate the placement • 
of umbilical arterial/venous catheters wiring for ECMO/
ECLS circuits (Jon Duff MD, written communication, 
January 2012)  
  Multidisciplinary in situ simulation involving patient • 
aggression and restraint (Marc Auerbach, written com-
munication, December 2011)  
  Using eye tracking software to differentiate novice from • 
expert bedside caregivers based upon eye tracking (Marino 
Festa MD, written communication, January 2012)  
  Extramural deliveries with parking attendants in parkade • 
(following a real event) (Marc Auerbach MD, written 
communication, December 2011)  
  Simulation around rare surgical events: fetal surgery and • 
separation of conjoint twins (Vinay Nadkarni MD, writ-
ten communication, December 2011)  
  Debrie fi ng for hospital administration—comprehensive • 
training program to prepare hospital administrators and 
other leaders to effectively interact with staff and debrief 
critical incidents as well as routine events (Louis Halamek 
MD, written communication, December 2011)  
  Child abduction scenario—multiday exercise where fac-• 
ulty  fi rst try to obtain access to hospital uniforms over a 
course of days prior to the event, then on the day of the 
abduction the event is declared as soon as a confederate 
gains unchallenged access to a ward (David Grant MD, 
written communication, December 2011)      

   Innovative Collaboration 

 The rapid growth of simulation-based education in pediatrics 
has lead to the genesis of several innovative collaborations, 
all with the common vision of enhancing the application of 
simulation to improve the healthcare outcomes of infants and 
children. The Canadian Pediatric Simulation Network (CPSN) 
is an interprofessional network of pediatric simulation educa-
tors in Canada who have met annually since 2007  [  125  ] . The 
network’s goal is to foster the growth of simulation by pro-
moting effective networking amongst simulation educators in 
Canada. Over the past 4 years, this network has been  successful 

at implementing a number of projects such as a national crisis 
resource management course and provides a good example of 
how combined expertise in simulation can be effective in 
achieving projects at the national level. 

 Two different pediatric simulation research networks have 
evolved in the past 5 years. The Examining Pediatric Resuscitation 
Education using Simulation and Scripting (EXPRESS) 
Collaborative and the Patient Outcomes In Simulation Education 
(POISE) Network have both successfully conducted multicenter, 
simulation-based research trials by bringing together simulation 
research experts from across North America. Led by experts in 
pediatric acute care and simulation, the EXPRESS collabora-
tive’s primary aim is to improve the delivery of medical care to 
critically ill children by answering important research questions 
pertaining to pediatric resuscitation, education and simulation 
 [  126  ] . The  fi rst EXPRESS project involved the development of a 
debrie fi ng script for pediatric advanced life support (PALS) 
instructors, which ultimately led to the inclusion of a debrie fi ng 
tool in the 2011 PALS instructor materials  [  127  ] . The POISE 
network members have collaborated in the development of edu-
cational interventions related to infant lumbar puncture and neo-
natal intubation procedures. Along with the implementation and 
testing of simulation-based training and assessments, POISE has 
established a community of simulation educators by offering 
monthly webinar sessions and educational content on its website 
(Marc Auerbach MD, written communication, December 2011). 
In January 2012, recognizing their common goals and vision, the 
EXPRESS collaborative and POISE network formally merged 
to form the largest simulation research and education network in 
the world: the International Network in Simulation-based 
Pediatric Innovation, Research, and Education (INSPIRE) 
(Vinay Nadkarni MD, written communication, December 2011). 
This new network will continue the work previously done by 
EXPRESS and POISE and also aims to invite collaboration from 
educators and researchers from all parts of the world to advance 
the  fi eld of pediatric simulation. 

 In 2010, the International Pediatric Simulation Society 
(IPSS) was born, dedicated to pediatric, perinatal, and asso-
ciated healthcare providers and organizations who use simu-
lation-based education to improve care and safety for 
children. IPSS will promote and support multidisciplinary 
simulation-based education, training, and research among all 
pediatric subspecialties focused on the unique nature and 
needs of caring for the pediatric and perinatal patient, includ-
ing advocacy for simulation internationally by addressing 
issues such as technology, funding, legislation, and public 
policy (  www.ipedsim.com    , accessed Dec 21, 2010).   

   The “Future” of Pediatric Simulation 

 The success of innovation and collaboration within pediatric 
simulation education has already set the  fi eld in a positive 
direction heading into the future. However, educators in this 

http://www.ipedsim.com/
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domain must continue to push the envelope in  fi ve important 
areas (that are not exclusive to pediatric simulation) where a 
greater amount of academic understanding is required. 

 The  fi rst and foremost is the assessment of simulation-
based education on actual patient outcomes. Simulation will 
bene fi t in its reputation, acceptance, and funding sources 
when it can link training to improved patient outcomes. 
Although this is extremely challenging based on the logistics 
of viewing or reviewing actual patient events when they are 
rare in pediatrics, it is of utmost importance that simulation 
academics begin to make these linkages. 

 The second is the incorporation of simulation into high-
stakes examinations. Simulation has, to date, focused primar-
ily on training and formative assessment with issues of 
successful completion of rotations, licensing, and revalida-
tion left aside. Some effort now has the be placed on the use 
of simulation to assess competence in order to both ensure 
appropriate quali fi cations of healthcare providers and as a 
tool to “drive” student/practitioner learning to the relevant 
learning outcomes (e.g., as compared to written tests that may 
guide learning in other directions). In order for this paradigm 
shift to occur there needs to be a development of valid assess-
ment tools to assess the relevant competence. There has been 
some work introducing simulation into this environment, and 
if simulation is the best method to educate in some areas of 
our healthcare curriculum, than it might also be the best way 
of assessing competence in these same areas. Further work 
needs to be done into the development of valid assessment 
tools to measure competence in areas that have been shown to 
be better taught using this education technique. 

 The third area is a better understanding of the ways we 
have been assisting learners to re fl ect on their experiences. 
The learning from simulation-based education is highly reli-
ant on the quality of this re fl ection and the learner’s ability to 
understand new concepts from it. Only recently have educa-
tors began to look at the quality of debrie fi ng and to develop 
tools to better understand its basic elements. The  development 

of these tools should lead to better benchmarks on what qual-
ity debrie fi ng looks like and how to ensure it exists univer-
sally throughout the world of simulation. 

 The fourth is the need to increase the amount of realism in 
scenario delivery, including creatively maximizing the  realism 
of the teaching environment, as well as continuing to push man-
nequin vendors to further improve their mannequins. Several of 
the currently available simulators are shown in Figs.  35.4 ,  35.5 , 
 35.6 ,  35.7 , and  35.8 . These and other simulators will be neces-
sary for the  fi delity of pediatric simulation to progress.       

  Fig. 35.4    Limbs and Things’ fetal demise simulator (Photo courtesy 
of Limbs & Things ©2012   www.limbsandthings.com    )       

a

b

  Fig. 35.5    ( a ) CAE BabySim and ( b ) CAE Pediasim (Photo courtesy of 
CAE Healthcare ©2012 CAE Healthcare)       

  Fig. 35.6    Laerdal SimBaby (Photo used courtesy of Laerdal)       

  

 

http://www.limbsandthings.com/
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   Conclusion 

 The pediatric collaborations identi fi ed earlier in the chapter 
need to be fostered and continue to grow. Only in working 
together with educators from across our individual countries 
and the entire world will we be able to face the challenges 
listed above and to answer the important questions that will 
ultimately lead to better patient outcome, as well as to 

 continue to keep pediatric  simulation at the “ cutting edge” of 
simulation-based delivery and outcomes.      
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   Abbreviations  

  CSAT    Computer simulation assessment tool   
  DSM-IV     Diagnostic and Statistical Manual of 

Mental Disorders IV   
  MSE    Mental status examination   
  OSCE     Objective Structured Clinical 

Examination   
  PTSD    Posttraumatic stress disorder   
  SP    Standardized or simulated patient   
  USMLE Step 2CS     United States Medical Licensing 

Examination Step 2: Clinical Skills   
  VR    Virtual reality         

    DOC:   WHAT BRINGS YOU HERE MR. SAUNDERS?  
  COMPUTER:   WELL MY WIFE WANTED ME TO COME.  
  DOC:   YES.  
  COMPUTER:   IT’S NOT MY IDEA THAT’S FOR SURE. 
SHE TOLD ME I OUGHT TO SEE A PSYCHIATRIST. SHE 
SAID………SHE SAID SHE WAS GOING TO LEAVE IF I 
DIDN’T GO.  
  DOC:   HOW DO YOU FEEL ABOUT SEEING A 
PSYCHIATRIST?  
  COMPUTER:   YOU KNOW WHAT I THINK ABOUT 
PSYCHIATRISTS. I THINK THEY ARE THE BIGGEST 
BUNCH OF PHONIES THERE EVER WAS.  
  DOC:   WHAT MAKES YOU THINK THAT?  
  COMPUTER:   I DIDN’T COME HERE TO DISCUSS 
PSYCHIATRISTS.  

  ~ Excerpt from Starkweather and colleagues 1967   [  1  ]    

   Introduction 

 The above dialogue shows a programmed patient responding 
to a human interviewer. While this conversation is clearly not 
going well, one of the advantages to using simulation in 
mental health education is that trainees can learn to be more 
effective clinicians at no risk to real patients or themselves. 
The practice of providing care for mental illness necessitates 
experiential learning  [  2  ]  and assessment. While simulation 
has only been used in mental health education for the past 
few decades, it has quickly become indispensable. Simulation 
enhances exposure to a variety of patients and to a range of 
psychopathologies  [  3  ] . This is particularly advantageous 
with regard to high-risk patients and highly volatile psycho-
pathologies, situations that pose safety risks for trainees and 
patients  [  4  ] . Further, as these high-risk situations occur infre-
quently in most clinical practices, it is critical that trainees 
have the opportunity to practice before they arise  [  5  ] .  

   Current Use in Mental Health Education 

 The uses of simulation in mental health education can be 
broken down into two broad categories:  teaching clinical 
skills  and  assessment . 

   Teaching Clinical Skills 

 In mental health education, simulation has been used to teach 
clinical skills at various levels of training, including medical 
students  [  6–  11  ] , residents  [  12,   13  ] , nursing students  [  14–  18  ] , 
nurses  [  19  ] , and experienced therapists  [  4,   20  ] . Techniques 
include the use of human SPs 1  and mannequins, as well as 
virtual tools (for details, see Table  36.1 ).  
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 In psychiatry, the process of teaching clinical skills is 
well suited to simulations  [  4,   13  ] . The unpredictability of 
when learning occurs, the constraints on service delivery as 
determined by reimbursement sources, the complexity of 
skills required, the nature of the population receiving ther-
apy, and the time lag before trainees receive feedback create 
serious dif fi culties in teaching psychiatric skills  [  13  ] . This 
time lag is especially problematic for teaching new skills, as 
supervision does not always occur during clinical encoun-
ters  [  4  ] . Within the guild tradition of psychiatry training, 
trainees often see patients without the direct observation of 
a supervising clinician as it is felt that the negative com-
ments made by a supervisor during an encounter with a real 
patient may make the trainee feel chastened. Subsequently, 
the patient may feel embarrassed, uncomfortable, and poten-
tially uncared for as the focus shifts to the trainee  [  10  ] . Even 
when patients have agreed to participate in treatment with a 
supervisor in the session, some may cancel abruptly or not 
appear for a training session, perhaps as a result of their 
diagnoses  [  29  ] . 

 Simulation helps to address these challenges. As Beutler 
and Harwood point out, “Speci fi cally, contemporary tech-
nology offers a means for instituting training procedures that 
(a) are standardized, (b) maintain a realistic and reliable por-
trayal of the training stimuli, (c) allow immediate feedback 
on skill development, (d) can provide corrective feedback for 
therapist arousal of defense or anxiety, (e) are safe for both 
patient and therapist, and (f) are cost ef fi cient to deliver”  [  4  ] . 
There are also logistical challenges associated with the 
evolving  fi eld of mental health. While psychiatry has become 
a mostly ambulatory practice with brief inpatient stays, 
 medical student clerkships in psychiatry still occur on the 

inpatient unit, making simulations vital opportunities for 
trainees to practice outpatient, emergency room, and consult 
liaison-based clinical skills  [  10,   21  ] . 

 A broad array of clinical skills in psychiatry is conducive 
to simulation training. As early as 1987, a text-based com-
puter tool was developed for trainees to select different 
assessments, diagnoses, and treatments for a virtual patient. 
Afterward, the trainees could compare their selections to the 
ideal decisions, based on expert opinions, for the patient 
 [  26  ] . The initial interview is a critical skill for mental health 
clinicians in all professions, providing an opportunity for 
assessment of symptoms and determination of care. 

 Simulations have been used extensively to train in inter-
viewing skills. As Gay and colleagues note, “simulated-
patient interview provides a unique opportunity to put 
educational needs before patient care issues”  [  10  ] . Simulations 
target different areas of this process, including interpersonal 
skills  [  6,   9,   16,   30  ]  and the establishment of rapport under 
time constraints  [  31  ] . Others aim to train in speci fi c inter-
viewing styles  [  12  ] , recognition of speci fi c diagnostic catego-
ries  [  11  ] , working with dif fi cult patients  [  30  ] , and discerning 
latent verbal and nonverbal cues  [  32  ] . For more speci fi c 
descriptions of interviewing skills targeted in simulation 
training, please see Table  36.2   [  6,   9–  12,   16,   27,   30–  32  ] .  

 Of particular interest in psychiatry is the teaching of the 
mental status examination (MSE)  [  7–  9  ] . Often considered the 
equivalent of a physical examination for psychiatry, MSE train-
ing has incorporated simulation by having a large group of 
medical students observe a lecturer perform an MSE on a 
SP  [  7  ]  and having groups of medical students conduct MSEs 
on SPs simulating various mental health diagnoses  [  8  ] . Overall, 
students liked both approaches, with 93.9% of the lecture group 
responding that using an SP was a useful tool to teach the 
MSE  [  7  ]  and 98% of the students conducting group interviews 
reporting that they enjoyed the session and learned from it  [  8  ] . 

 On a systems level, simulation using SPs has been used to 
train mental health teams and improve leadership skills in 
designing treatment plans. As part of a larger initiative to 
improve interdisciplinary teamwork and patient care, partici-
pants viewed videotapes of an SP being interviewed by a 
clinician. They also had access to “mock” charts, intake 
assessment information, admitting notes, and results of labo-
ratory tests. The overall helpfulness of these simulated treat-
ment planning sessions were rated as “good” or “excellent” 
by almost 75% of participants  [  33  ] . In another novel treat-
ment team activity, a virtual online case unfolded in real time 
over the course of a week, facilitating an electronic-based 
discussion between students and faculty  [  34  ] . 

 Teaching clinicians to be empathic is another unique 
application for simulation  [  17,   18,   20,   35,   36  ] . It is known 
that stereotyping of and bias against individuals with mental 
illnesses can hinder a clinician’s ability to respond empa-
thetically  [  17  ] . This is especially problematic as mental 

these terms have different connotations, where simulated implies a step 
below the real patient experience and standardized suggests something 
superior to the inconsistencies of real patients  [  3  ] . In another commen-
tary, McNaughton identi fi es simulated patients as healthy people who 
have been carefully coached, whereas standardized patients are indi-
viduals trained to portray their own problems (or individuals without a 
disease trained to portray a speci fi c patient’s problems) in a consistent 
manner  [  21  ] . Both terms are used throughout the literature, sometimes 
referring to trained actors and other times to mental health experts who 
portray patients. We will use “SP” to refer to the full range of human 
standardized and simulated patients.  

   Table 36.1    Simulation techniques used to train mental health skills    

  How are these skills taught ? 
 A variety of techniques have been used as interventions to teach 
skills in mental health education: 
  SPs  [  3,   6–  10,   12,   13,   16,   21  ]  
  Mannequins  [  14,   15,   22,   23  ]  
  Virtual patients  [  24  ]  
  Virtual reality  [  4,   25  ]  
  Computers  [  1,   26,   27  ]  and Internet  [  28  ]  
  Audiotapes/MP3s  [  5,   17,   18,   20  ]  
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health clinicians learn to use their empathic response to a 
patient as part of the diagnostic process  [  3  ] . As psychotic 
symptoms are often stereotyped and stigmatized, several 
interventions have focused on exposing participants to simu-
lated hallucinations, often based on the hallucinations of real 
patients. Techniques include using MP3 players to play audio 
recordings  [  20  ] , participating in elaborate role-plays where 
participants have different perceptions of a situation  [  37  ] , 
and even the construction of a virtual hospital ward in the 
commercial virtual world system  Second Life   [  25  ] . Such 
interventions have been used with mental health profession-
als  [  20  ] , nursing students  [  17,   18  ] , undergraduates  [  35  ] , cor-
rectional of fi cers  [  36  ] , and the general public  [  25  ] . 

 Simulation also provides the opportunity to foster skills 
that, while important for mental health education, are not 
speci fi c to the profession. These include critical thinking, 
communication  [  14,   22  ] , decision-making  [  19  ] , self-ef fi cacy, 
con fi dence, cultural competency  [  19,   28  ] , clinical reasoning 
 [  23  ] , and general interviewing skills  [  21  ] . Conversely, tech-
niques such as virtual reality (VR) have been used to train 
professionals in other disciplines who are entering mental 
health settings  [  19  ] .  

   Assessment 

 Simulation is particularly suited to assess competencies 
that necessitate a clinician-patient interaction  [  38  ]  and are 
dif fi cult to observe or interpret consistently within a clini-
cal setting. This is often the case in mental health, which 
features sensitive or private conversations and varied clinical 
presentations that would be dif fi cult to compare across learn-
ers  [  39  ] . Simulations can be used for  formative  (low-stakes) 
assessments for which trainees receive feedback and reme-
diation, as well as  summative  (high-stakes) assessments that 
determine competencies and lead to certi fi cation or licens-
ing  [  21,   39  ] . As with any testing modality, simulations need 
to be designed with clear outcomes that distinguish between 
low, medium, and high performers  [  39  ] . 

 For similar ethical reasons to those discussed for inter-
ventions in mental health, there are advantages to using sim-
ulation rather than real patients for  formative  assessment to 
test the effectiveness of an educational intervention. This is 
particularly important for studies that want to compare com-
petence in a trained group to an untrained control group. 
While the total number of simulations used in mental health 

   Table 36.2    Use of simulation to train interviewing skills   

 Simulation technique  Interviewing skills  Citation 

 SP  Distinguishing between diagnoses in complex mental health presentations   [  10  ]  
 SP  Interpersonal effectiveness for range of psychopathologies   [  6  ]  
 SP  “Exploratory” interviewing, as opposed to a more directive series of history-taking questions   [  12  ]  
 SP  Case-based goals including:   [  16  ]  

  Eliciting a history 
  Determining concurrent challenges 
  Demonstrating interviewing strategies to make the patient comfortable 
  Identifying necessary diagnostic procedures 
  Obtaining helpful background information 

 SP  Interpersonal skills   [  9  ]  
 Eliciting complete history 
 Conducting mental status examination 
 Making differential diagnosis 
 Developing comprehensive treatment plan 

 SP  Therapeutic communication   [  30  ]  
 Working with patients who accuse provider of stealing/lying to them 
 Diffusing patient’s agitation 
 Caring for patients who feel sense of entitlement to speci fi c care 

 SP  Using patient-centered communication techniques   [  31  ]  
 Building rapport during short interview 
 Detecting mental health issues during Post-Deployment Health Reassessment 

 SP  Beginning to pick up latent meaning of verbal messages   [  32  ]  
 Beginning to pick up nonverbal messages 
 Understanding the effect of the patient on the therapist and vice versa 
 Conducting sensitive initial psychotherapeutic interview 

 Virtual patient  Interviewing techniques   [  11  ]  
 Knowledge of signs and symptoms of conduct disorder 

 Computer program  Questioning process   [  27  ]  
 Attitude (convergent, ambiguous, divergent) 
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is limited, SPs have been used to assess whether interven-
tions teaching cognitive behavioral therapy improved social 
worker  [  40  ]  and general practitioner  [  41  ]  competence in 
using these skills. Both studies videotaped the SP encounters 
and rated them using the Cognitive Therapy Scale,  fi nding in 
both cases that the intervention group performed signi fi cantly 
better than the control group. SPs have also been used to 
assess pediatric resident’s use of  Diagnostic and Statistical 
Manual of Mental Disorders IV  (DSM-IV) criteria to diag-
nose adolescent depression  [  42  ] . Outcomes of training in 
relevant skills, such as assessment of contextual factors  [  43  ] , 
have also been ascertained using SPs. Performance with an 
SP during the Objective Structured Clinical Examination 
(OSCE) has been used as an outcome measure, examining 
the effect of communication skills training  [  44  ]  as well as the 
completion of a psychiatry clerkship  [  45  ] . In both studies, 
the group that had participated in the intervention performed 
signi fi cantly better with SPs than the group that had not. 

 There are several challenges inherent in using real patients 
for assessment of trainees. First, a sample of real patients is 
not always representative, and presentations cannot be 
selected systematically. As a result, trainees may not see 
enough patients during an exam to provide a fair assessment 
of their skills. Additionally, there are concerns that chroni-
cally mentally ill patients may not have the capacity to con-
sent to participation  [  12,   46  ] . By providing greater consistency 
in level of dif fi culty and type of patient response, simulation 
can  fi ll the assessment requirements of (1) stability of com-
petence over time for the same trainee and (2) fairness and 
consistency across different SPs  [  46,   47  ] . In general, simula-
tion is superior to “role- playing” for assessment. Con fl icts of 
interest and breaches of con fi dentiality can occur when a 
 student portrays a patient for another student during a high-
stakes examination  [  21  ] . 

  Summative  performance assessments are required at many 
levels of mental health training. One performance assess-
ment paradigm that frequently uses simulation is the OSCE, 
reviewed in depth by McNaughton and colleagues (see also 
Chap.   13    )  [  21  ] . OSCEs are used at multiple levels of mental 
health education, most notably as part of the United States 
Medical Licensing Examination Step 2: Clinical Skills 
(USMLE Step 2CS) exam which has been designed to assess 
competence in various clinical encounters  [  46  ] . These exams 
typically contain “stations” in which trainees interact with 
SPs, some of which focus on mental health condition  [  21  ] . 
Examination benchmarks focus on students’ abilities to 
detect nuances of communication as well as interpersonal 
cues  [  38  ] . Some focus on a speci fi c competency, such as 
assessing and managing suicide risk  [  48  ] . 

 In some cases, the SPs provide ratings that constitute a 
component of a trainee’s score on the assessment  [  39  ] . Some 
researchers indicate that SPs have the greatest reliability 
when rating more than 30 items  [  39  ] . One study found SPs’ 

ratings of trainee performance of a psychiatric interview to 
correlate with clinical evaluators’ assessments of these vid-
eotaped interactions, as well as with trainees’ performance 
on a written differential diagnosis and mental health treat-
ment plan  [  49  ] . Another found only moderate agreement 
between SPs and physician examiners regarding trainee 
communication skills  [  50  ] . This discrepancy has led some to 
caution against using SPs to assess complex interpersonal 
skills, particularly empathy  [  3  ] . 

 In addition to OSCEs, SPs have been used to assess other 
competence in clinical mental health skills. For example, to 
assess the competence of mental health and addiction work-
ers in the technique of motivational interviewing, one study 
videotaped interactions with SPs  [  47  ] . This technique was 
shown to have good test-retest reliability, as participants’ 
performance scores stayed constant when they interacted 
with SPs weeks apart. In addition, SPs have been trained to 
simulate depression, enabling them to visit doctors’ of fi ces 
incognito to provide an assessment of doctors’ diagnosis and 
management of depression  [  51,   52  ] . 

 While SPs are frequently used to perform in or score 
assessments, virtual techniques have been used as well 
 [  53–  56  ] . A web-based platform designed for psychiatry, the 
computer simulation assessment tool (CSAT) (Fig.  36.1 ), 
allows trainees to act as clinicians in a clinical encounter 
with a virtual SP, in a manner similar to that described by 
Srinivasan and colleagues  [  39  ] . After choosing an action, 
participants are directed to a video clip. The website also 
features branching capabilities based on the trainee actions. 
At the end of the simulation, the CSAT tool provides imme-
diate targeted remediation based on the trainee’s performance 
during the encounter. This tool has been used to assess psy-
chiatry residents’ competency in obtaining informed  consent 
to initiate medication treatment for a patient with depression 
 [  53  ] . Virtual patients have also been used to assess compe-
tency in determining a differential diagnosis  [  54  ] . Another 
virtual technique, known as the objective structured video 
exam (OSVE), involves trainees watching a video vignette of 
an interview and completing an answer sheet detailing their 
observations, knowledge, and recommendations regarding 
key communication skills  [  55,   56  ] . OSVEs have been used 
with trainees at varying levels of education, including under-
graduates  [  57  ] ,  fi rst-year medical students  [  55  ] , and third-
year medical students  [  56  ] , and for diverse processes, 
including to gauge the effectiveness of communication skills 
training  [  57  ]  or as part of a training curriculum  [  56  ] . Unlike 
the OSCE, the OSVE is designed to elucidate “covert cogni-
tive scripts underlying overt communication behavior”  [  56  ] . 
While several different video vignettes were used, inter-rater 
reliability was high  [  55–  57  ]  and one study found high 
 correlation with examiner ratings of trainees’ performance in 
the OSCE (though not with standardized patient ratings of 
trainees’ OSCE performance)  [  55  ] .    

http://dx.doi.org/10.1007/978-1-4614-5993-4_13
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   Other Applications of Simulation 
in Mental Health 

   Therapeutic Simulation for Mental 
Health Patient Care 

 Unlike other  fi elds of medicine, simulation in mental health 
has been used extensively with patients, both as a treatment 
modality and a tool for diagnosis and assessment (see 
Table  36.3  for summary). Knowledge of these applications is 
particularly informative for educators who may wish to alter 
or build upon existing patient care modalities for later use as 
training tools.  

   Treatment and Skill Building 
 VR has been used in mental health treatment since the 1990s, 
often as a tool for exposure therapy  [  86  ] . The use of VR to 
augment exposure therapy is ideal for disorders that interfere 
seriously with the normal functioning of a patient’s life (fear 
of dogs); are more expensive, unsafe, or impossible to use 
in vivo exposure (fear of  fl ying, heights, or driving)  [  87,   88  ] ; 
and are time sensitive  [  63  ] . Further, knowing that the simula-
tion can be paused during a session may make the treatment 
less aversive, increasing the number of patients seeking treat-
ment and decreasing attrition rates  [  87  ] . 

 To date, VR has been used as an exposure tool for fears of 
 fl ying (see Fig.  36.2 )  [  64,   65  ] , driving  [  67,   68  ] , and spiders, as 
well as addiction  [  58  ] , social phobia, posttraumatic stress dis-
order (PTSD)  [  66,   69–  76  ] , and other forms of anxiety  [  61–  63  ] . 
For example, exposing patients with fear of heights to a series 
of virtual environments including a virtual glass elevator, an 

 outdoor balcony, and a footbridge helped patients decrease 
their anxiety using exposure-response prevention techniques 
 [  63  ] . VR exposure has been used for PTSD  [  66  ]  both with 
civilian  [  69  ]  and military populations  [  70–  76  ] . With PTSD, 
in vivo exposure is often impossible, and patients may have 
dif fi culty imagining, visualizing, or describing the traumatic 
experience  [  63  ] . Follow-up studies suggest that this type of 
virtual exposure has sustained long-term positive effects  [  87  ] .  

 Simulation has provided the opportunity for mental health 
patients to practice and learn speci fi c skills. VR has been used 
to simulate environments such as virtual cafes and virtual 
supermarkets for patients with autism, enabling them to prac-
tice social skills. These patients learn to use the VR equip-
ment quickly and have shown performance improvements 
both within the VR environment and in real life. Advantages 
to VR for this training include the removal of confusing or 
competing stimuli, the ability to manipulate time (the clini-
cian can pause the simulation to discuss important points), 
and the ability to allow subjects to learn while playing. In 
some cases, the clinician can also be an avatar in the virtual 
environment  [  89  ] . VR has also been used to facilitate social 
skills training for patients with schizophrenia  [  80  ] . One par-
ticular social skill, the job interview, is critical for patients 
with severe mental illness who wish to return to the work-
force. Preliminary data from a job interview simulation study 
suggest that patients found the tool easy to use, realistic, and 
helpful  [  79  ] . VR has also been used to teach  fi re and street 
safety to children with fetal alcohol syndrome and autism 
spectrum disorder  [  78  ] . The program  Second Life  has been 
used to provide experiential learning to patients regarding 
their illness and facilitate group sessions in which patients 

  Fig. 36.1    Screenshot of 
computer simulation assessment 
tool (CSAT)       
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learn psychology-based skills such as the relaxation response 
(Fig.  36.3 )  [  90  ] .  

 While most uses of simulation for treatment and skill 
building directly involve a clinician, simulation has also been 
used to form peer-run virtual support groups for patients with 

mental illnesses  [  91  ] . In another example, virtual clinicians 
(referred to as embodied conversational agents) complete 
daily check-ins with patients. Data from the check-ins, 
including the patient’s mood state and patient adherence, are 
then referred back to the real-world treatment team  [  91  ] .  

   Table 36.3    Uses of virtual reality 
in mental health patient care   

 Use in patient care  Clinical area  Focus  Citations a  

 Treatment  Addiction   [  58  ]  
 Anorexia   [  59,   60  ]  
 Anxiety   [  61  b ,  62  b ,  63  ]  
 Anxiety  Flying   [  64,   65  ]  
 Anxiety, PTSD   [  66  ]  
 Phobia  Driving   [  67,   68  ]  
 PTSD  Civilian   [  69  ]  
 PTSD  Active duty military   [  70–  72  ]  
 PTSD  Military   [  73–  76  ]  

 Skill training  Autism  Social skills   [  77  ]  
 Autism, fetal alcohol 
syndrome 

 Safety skills   [  78  ]  

 Psychiatric  Job interview   [  79  ]  
 Schizophrenia  Social skills   [  80  ]  

 Assessment  Depression  Spatial memory   [  81  ]  
 Psychiatric  Cognitive performance   [  24  ]  
 Mentally disordered 
offenders 

 Risk assessment   [  82  ]  

 Schizophrenia  Medication 
management 

  [  83  ]  

 Schizophrenia  Diagnosis   [  84  ]  
 Schizophrenia  Driving   [  85  ]  

   a These citations are not meant to be comprehensive 
  b Indicates meta-analysis  

  Fig. 36.2    Virtual environment used in exposure therapy for fear of 
 fl ying       

  Fig. 36.3    Training patients in relaxation techniques using Second 
Life       
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   Assessment and Diagnosis 
 In addition to treatment and skill building, simulation has 
aided in the assessment of patients with mental health disor-
ders. One group developed a 15-min virtual reality cognitive 
performance assessment test, which demonstrated good con-
vergent and discriminant validity when compared with a tra-
ditional (1.5-h) neuropsychological test battery  [  24  ] . Using a 
virtual town (a surrogate for spatial memory), investigators 
could distinguish between patients with depression and con-
trols, a level of sensitivity not found in a neuropsychological 
test battery  [  81  ] . Based on performance pro fi les in a virtual 
maze (a surrogate for working memory), investigators were 
able to distinguish between patients with schizophrenia and 
controls  [  84  ] . In another study of patients with schizophre-
nia, adherence to a simulated medication regimen in a virtual 
apartment had signi fi cant agreement with a validated mea-
sure of medication management skills  [  83  ] . 

 Simulation is also beginning to  fi nd use in forensic psy-
chiatry. A computer-based simulation tool has been used 
with mentally disordered offenders who committed vio-
lent crimes, enabling them to choose actions and observe 
the consequences of those actions (Fig.  36.4 ). While it is 
currently in the pilot phase, it holds potential as a risk 
assessment tool  [  82  ] .    

   Simulation in Mental Health Research 

 Within the mental health  fi eld, simulation has become a pow-
erful research tool. It has provided the opportunity to deepen 
understanding of mental health disorders as well as the clini-
cians who treat them. 

 A great deal of VR research with mental health patients 
has focused on addiction disorders and the concept of cue 
reactivity  [  92–  99  ] . Using VR for this type of research allows 
patients to be exposed to more complex stimuli, creating a 
more realistic substance use environment and creating 

opportunities for future use in treatment  [  92  ] . VR techniques 
have also been used in tandem with functional neuroimaging 
to determine areas of differential activation associated with 
cue reactivity within these immersive environments  [  98  ] . 

 Simulation can provide the opportunity to evaluate adap-
tive and functional abilities in diagnostic domains beyond 
addiction. One study assessed the driving ability of patients 
with schizophrenia prior to discharge from inpatient treat-
ment,  fi nding overall poor performance as well as signi fi cant 
differences based on treatment type  [  85  ] . Another study 
assessed spatial learning performance in patients with schizo-
phrenia using a virtual 8-arm radial maze  [  100  ] . Finally, VR 
has been used as an outcome measure to assess the effective-
ness of treatment interventions for patients with social 
phobia  [  101  ] . 

 A simulation research tool has been used for patients 
with mental health diagnoses as well as prescribing 
 healthcare providers. This web-based tool (called “reverse” 
simulation as it shows a standardized doctor instead of a 
standardized patient) shows a doctor obtaining informed 
consent to start a patient on a psychoactive medication. 
Participants then evaluate and re fl ect on the doctor’s perfor-
mance. By disseminating this to patients, healthcare provid-
ers, and lay caregivers, the goal of the project is to 
collaboratively enhance best practice standards for informed 
consent within psychiatry  [  102  ] . 

 There have been several uses of simulation in research of 
clinician behaviors. As far back as 1972, one paper describes 
the process by which a heuristic computer program was 
developed to simulate psychiatrists’ judgment and decision-
making processes, a program that showed good agreement 
with real clinicians’ assessments  [  103  ] . In another study, 
psychology students trained as SPs (referred to as “pseudo-
patients”) simulated mental health conditions so that they 
were admitted to inpatient treatment. Their observations pro-
vided insight into systems and personnel-level issues within 
psychiatric hospitals  [  104  ] .   

  Fig. 36.4    Screenshot of 
computer-based simulation used 
with mentally disordered 
offenders       
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   The Art of Mental Health Simulation 

 The design and implementation of simulation in psychiatry 
requires special considerations. Unlike many medical simu-
lations which focus on the acquisition of procedural skills, 
mental health simulations often examine the interaction 
between patient and clinician. As such, particular attention 
to case design, patient selection, and verbal and nonverbal 
communication is warranted. 

   Rethinking Clinical Encounters: 
The Art of Writing a Good SP Case 

 Developing a clinical case can be simultaneously the most 
challenging and the most rewarding aspect of simulation. 
While portraying a psychologically complex patient is a 
challenge for the SP, it is also the clinician educator’s respon-
sibility to write a good case and to train the SP thoroughly 
 [  21  ] . One group estimated that it took 20 h to write the case 
and select and train the actor  [  8  ] . Some groups begin with an 
established case, such as one from the DSM Casebook  [  105  ]  
or one published in the literature  [  49  ] . 

 However the case is designed, it is critical that it adheres 
to the learning objectives for the activity. For example, when 
designing a simulation for assessment, Srinivasan and col-
leagues recommend that educators ask what speci fi cally they 
want to assess, how reliable and valid the assessment mecha-
nisms are, and what outcomes are expected from the assess-
ment  [  39  ] . Brown cautions that educators must identify and 
prioritize areas of the curriculum amenable to simulation. 
Simply focusing on an activity that lends itself to active 
engagement is not suf fi cient; due to the time and resources 
spent on designing a case, simulations should relate to essen-
tial learning outcomes that are best taught through simula-
tion. For psychiatric nursing, recommended competencies 
include therapeutic communication, crisis management, 
interdisciplinary collaboration, and technical skills (e.g., 
medication administration, use of diagnostic tools)  [  5  ] . In 
their paper, Srinivasan and colleagues present a table includ-
ing a “skills to be assessed” section that shows practical con-
siderations associated with assessing speci fi c clinical skills 
 [  39  ] . For example, if “communication” is the skill to be 
assessed, they point out the limitations of current natural lan-
guage processing technology, strongly recommending that 
real people be used for assessment. With “self-assessment,” 
they emphasize the necessity of developing feedback 
mechanisms. 

 With appropriate learning objectives in hand, writing 
the clinical case can be an educational activity in itself. 
Starkweather and colleagues note that the process of build-
ing a computer program for a clinical simulation “force[s] 
assumptions into the open. Implicit ideas must be made 

explicit and contingencies must be foreseen which, in the 
course of normal work, are seldom thought about in 
advance”  [  1  ] . Bellman and colleagues presented the simu-
lation of a psychiatric interview as a mathematical process, 
in which there are different probabilities of the patient 
responding in certain ways based upon rapport with the 
therapist  [  27  ] . Naylor and Gianturco go so far as to de fi ne 
simulation as “A numerical technique for conducting 
experiments on certain types of mathematical and logical 
models describing the behavior of a system (or some com-
ponent thereof) on a digital computer over extended peri-
ods of real time”  [  106  ] .  

   Challenges in Mental Health Simulation 

   A simulation need only be ‘good enough’ to reliably evoke the 
behavior to be assessed 

  ~ Yudkowsky, 2002   [  46  ]    

 While Yudkowsky’s statement is accurate, making a sim-
ulation “good enough” for applications in mental health is a 
delicate process. Despite the ethical and practical advantages 
of using non-patients, there are dif fi culties inherent in using 
such non-patients to portray mental health problems, which 
are well reviewed by Brenner  [  3  ] . Understanding these chal-
lenges also provides insight into dimensions necessary for 
simulation in mental health contexts. 

 In an educational context, the validity of mental health 
simulation has its limitations. The  fi rst area of tension is with 
regard to the subject’s objectives during an examination and 
interview. While an SP portraying a mental health patient 
wants to evoke an emotional response, the goals of real 
patients tend to be more con fl icted. In some cases, they may 
feel divided about what symptoms they want their clinician 
to know, and other times, they may resist knowing them-
selves. Further, there is a tension in real clinical encounters 
between a clinician’s desire to deeply understand the patient’s 
symptoms and the patient’s desire for treatment to alleviate 
those symptoms. This pressure may not be felt when inter-
acting with an SP. 

 Another challenge using non-patients in psychiatry relates 
to a particular type of mental health presentation, that of dis-
sembling or malingering. There is a necessary suspension of 
disbelief when working with non-patients; in most cases, 
trainees know that these individuals do not actually have the 
condition that they are simulating. However, this makes it 
very dif fi cult for non-patients to accurately simulate a condi-
tion in which a patient is lying  [  3  ] . 

 As discussed earlier, one role for simulation in mental 
health education is to enhance empathy. However, this is one 
of the areas in which mental health simulation is complicated. 
If an SP evokes an emotional reaction, this could be due to 
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their effective performance rather than the clinician’s empa-
thy  [  3  ] . Trainees and faculty have also reported dif fi culty 
developing empathy with SPs  [  29  ] . 

 When using SPs in any branch of medical education, there 
is the question of whether someone can realistically portray 
a condition that he/she has not experienced  [  21  ] . In one 
study, investigators bypassed this issue by recruiting SPs 
from a theater group composed of individuals with former 
substance misuse problems  [  47  ] , but this is not feasible for 
most mental health presentations. There is debate over 
whether roles should be based on SPs’ previous real-life 
experiences, even if they have never met criteria for a psychi-
atric diagnosis. Some consider this necessary to producing a 
realistic simulation, while others think that this undermines 
the safety of the SP encounter  [  105  ] . Of course, part of the 
ethical advantage of using SPs is that they are not truly suf-
fering from the conditions portrayed  [  105  ] . Keltner and col-
leagues consider actors trained in Constantin Stanislavski’s 
 method acting  to be ideal, as they display honest emotion 
and “are trained never to use any trauma from their own past 
to induce an emotional episode,” which can be harmful to the 
actor and dif fi cult to repeat  [  107  ] . Other studies do not indi-
cate a preference of acting style  [  108  ] . Research currently 
being conducted in Australia and Switzerland is focusing on 
the question of the neurological validity of actors’ portrayals 
 [  109,   110  ] . Researchers have shown some evidence that 
 method  actors can activate speci fi c brain regions when simu-
lating emotional states  [  109  ] . Even when conditions are por-
trayed realistically, there is concern about variability between 
performances with regard to affect and responses to open-
ended questions  [  21  ] . 

 In addition to the educational concerns, there are consid-
erations involved when using SPs to portray patients with 
mental health conditions. In a survey by McNaughton and 
colleagues, SPs with an average of 5 years of experience 
“unanimously considered [psychiatry roles] more exhaust-
ing, both physically and mentally [than non-psychiatry 
roles]. A huge amount of concentration and emotional invest-
ment is required to simulate these roles”  [  108  ] . SPs also 
reported that portraying highly affective psychiatric roles 
repeatedly in an OSCE setting had negative impacts extend-
ing beyond the time of the performance, with some SPs con-
tinuing to experience the psychiatric symptoms of their 
simulated character. 

 There are strategies that can be employed to mitigate 
these adverse effects, both before and after the simulation 
activity. When careful selection criteria—involving the com-
pletion of standardized measures to rule out psychopathol-
ogy and an employment interview—were completed, 
adolescents portraying SPs in a psychiatry OSCE were found 
to experience far more bene fi ts than risks  [  111  ] . Suf fi cient 
training is necessary, especially if the SP is providing feed-
back to the trainee  [  46  ] . For all SP roles, adequate time for 

rehearsal, as well as encouragement and feedback from men-
tal health experts, is important  [  107  ] . Varying degrees of role 
instruction have been used, including providing the purpose 
of the interview and asking the SPs to enter with a real or 
pretend problem  [  32  ] , providing a brief one-paragraph iden-
tity  [  12  ] , and providing physical description, social history, 
medical history, and family history, as well as speci fi c direc-
tions for affect, behaviors, body language, and mental pro-
cesses  [  16  ] . The more “hands-off” approaches tend to be 
used with veteran SPs. Debrie fi ng and de-“role”-ing are also 
critical parts of the process  [  21  ] . Many SPs plan their strate-
gies for transitioning from the roles into their normal lives 
 [  112  ] , such as removing makeup or engaging in a social 
activity  [  108  ] . With careful planning, SPs report many more 
bene fi ts than negative effects of the experience. The process 
is often described as educational  [  108  ] , both with regard to 
understanding mental health patients and the clinical pro-
cess. In fact, performing as an SP may reduce stigma toward 
mental health patients  [  112,   113  ] . 

 While VR avoids some issues with human simulation by 
creating an adequate, consistent, fair, and believable por-
trayal, this medium is currently limited in mental health 
applications with regard to presenting social environments 
and complex interactions  [  4  ] . Production standards are also 
high, as users expect interfaces similar in quality to commer-
cially available videogames and animated movies  [  39  ] . 
Cybersickness is a concern that could limit the use of VR 
with mental health patient populations  [  63,   87,   89,   114  ] . 
Further, it is not yet clear what factors make for successful 
VR treatment (e.g., demographic and personality character-
istics) or how many sessions is suf fi cient for a patient to gain 
therapeutic bene fi t  [  87  ] . 

 Integrated mannequins, which can incorporate realistic 
high-acuity events such as epilepsy  [  23  ]  and can have inter-
activity, verbal functions, and physiological parameters  [  23  ] , 
also come with challenges. Problems include dif fi culty 
reproducing clinical scenarios, accounting for equally accept-
able treatment choices, prioritizing necessary actions, sam-
pling enough behavior, funding the high cost associated with 
development, and simulating realistic emotions  [  39  ] , as well 
as limitations in simulating nonverbal communication, the 
latter two of which are especially critical for simulation in 
mental health education  [  5  ] .   

   Future Directions 

 As the use of simulation in mental health is comparatively 
new, there are many exciting future applications. Within edu-
cation, a critical next step will be to clarify whether clini-
cian’s performance in a simulation is a true surrogate for their 
performance in a real clinical encounter. This will open up a 
wide range of applications, including as a robust outcome 
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measure for an educational intervention, such as performance 
improvement continuing medical education programs. Using 
a “secret-shopper” paradigm, some have suggested that it 
would also be useful to have incognito SPs visit doctors’ 
of fi ces simulating psychiatric diagnoses in addition to depres-
sion  [  51  ] . Srinivasan and colleagues suggest several other 
next steps, including using virtual worlds in which trainees 
could create avatars to interact in clinical settings, in which 
trainees could play the role of a patient, clinician, or family 
member. They suggest that scenarios with mannequins could 
“include management of critical side-effects of antipsychotic 
drugs, exploration of team dynamics in psychiatric emergen-
cies, and management of suicidal patients and their families” 
 [  39  ] . McGarry and colleagues suggest that, with improved 
verbal function in mannequins, they can be used to train cli-
nicians in narrative therapy  [  23  ] . 

 One unexpected  fi nding suggests a new use for simulation 
in mental health education. Hall and colleagues found that 
performance during interviews with SPs identi fi ed students 
having dif fi culty early in their clerkship. This poor perfor-
mance was determined by observing faculty and by check-
lists  fi lled out by SPs, speci fi cally regarding interpersonal 
and communication skills. They suggest that “the simulation 
course format was uniquely able to reveal concerns in stu-
dents’ interactions with patients that needed attention”  [  6  ] . 
This type of performance simulation could provide a docu-
mented needs assessment and help inform future educational 
interventions at multiple stages of training. While it is clear 
that simulations need to be thoughtfully implemented for 
learning objectives that require experiential learning, future 
research should clarify how and when to best incorporate 
simulation into a mental health training curriculum. 

 With regard to patient care, clinicians hope to expand the 
use of simulation to identify and treat a broader range of 
 psychiatric disorders. For example, with a diagnosis like 
schizophrenia, VR could function as a component of cogni-
tive behavioral therapy, serve as a platform for exposure to 
persecutory fears, and teach skills to cope with symptoms as 
they occur  [  114  ] . Building on previous studies using VR to 
study cue reactivity in patients with substance abuse  disorders, 
there is also interest in using VR for assessment and treatment 
of patients with eating disorders  [  92  ] . In another example, cli-
nicians are hoping to use VR for assessment and treatment of 
obsessive-compulsive disorder, both as an  exposure tool (as 
has been used for other anxiety disorders) and as a way to 
precisely measure performance in a customized and controlled 
environment  [  115  ]  Finally, given children and adolescents’ 
enthusiasm for virtual experiences, clinicians are interested in 
exploring more uses of simulation that are speci fi c to assess-
ing and treating symptoms in this demographic  [  116  ] . 

 There are many new directions for research in mental 
health using simulation. The expansion of the “reverse” sim-
ulation model to multiple diagnostic categories will help 
elicit the essential elements of the informed consent process 

in psychiatry. Freeman suggests many potential uses for VR 
(simulating a social environment) in the study of psychotic 
disorders, including determining behavioral and physiologi-
cal correlates of symptoms, identifying individual factors 
that predict threatening interpretations of others, and exam-
ining whether environmental elements increase the likeli-
hood of particular symptoms  [  114  ] .  

   Conclusion 

 The future for simulation in psychiatry will advance consid-
erably in the coming years as technology enables simulation 
to adequately reproduce the complexities of human interac-
tions, particularly the portrayal of mental health symptoms. 
However, technology will never replace the usefulness of 
SPs for the basic training and assessment of mental health 
professionals. The unique needs of psychiatry compel the 
 fi eld of medical simulation to adapt and develop new tools 
which will shape simulation throughout healthcare.      
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          Introduction 

 In fast-paced specialties such as pulmonary and critical care 
medicine, healthcare professionals are called upon to man-
age highly unstable patients and must make rapid decisions, 
perform invasive procedures, and communicate effectively 
within a team environment to provide optimal patient care. 
In the past, these professionals would achieve competency 
in performing each of these tasks after years of clinical 
experience with patients. However, in the last 20 years, 
there has been a signi fi cant paradigm shift in the way we 
teach these skills. For numerous reasons including techno-
logical advances, the patient safety movement, and efforts 
to optimize educational experiences of medical trainees, 
simulation-based training has now taken on a leading role 
in this domain. 

 This chapter will focus on both the science and the art of 
simulation-based training within pulmonary and critical care 
medicine. First we will review different ways in which simu-
lation is being used within these specialties and the evidence 
supporting these practices, and subsequently we will describe 
some practical principles to optimize its use. Our goal is to 
provide the reader with an overview of the current state of 
the art and science of simulation in these specialties so that 
they may then decide how best to integrate simulation tech-
nology into their own practice.  

   The Evidence Base for Simulation 
in Critical Care 

   Medical Knowledge 

 Simulation has been successfully used to help teach a wide 
variety of content areas within pulmonary and critical care 
medicine including early goal-directed therapy for severe 
sepsis and septic shock, respiratory failure, mechanical ven-
tilation, and shock  [  1,   2  ] . It has been found to be at least 
equivalent, if not superior, to lecture, small group sessions, 
and problem-based learning (PBL)  [  3–  7  ] . For example, 31 
4th-year medical students were randomly assigned to either 
PBL or simulator sessions in order to learn the concepts of 
acute dyspnea and abdominal pain  [  3  ] . Students trained with 
simulation had an incremental increase in  fi nal test scores 
that was signi fi cantly higher than those who had undergone 
PBL sessions (25% increase vs. 8%,  p  < 0.04). Although it 
may require a signi fi cant investment of time and money, sim-
ulation can be a very effective method for teaching  content 
knowledge to trainees within pulmonary and critical care 
medicine.  

   Technical Skills 

 Practitioners within pulmonary and critical care medicine 
must be competent to perform a wide variety of procedures, 
some of which they may encounter infrequently. A growing 
body of literature suggests simulation, with its ability to pro-
vide opportunities for deliberate practice, may be an effec-
tive way to teach and maintain these technical skills. 

   Airway Management 
 While numerous investigations involving simulation training 
for airway management have been undertaken in the anes-
thesia and emergency medicine realms  [  8,   9  ] , there are 
surprisingly few investigations speci fi c to the critical care 
environment (see Fig.  37.1 ).  
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 Dr. Mayo and colleagues have published a series of stud-
ies investigating the use of simulation as part of a training 
program for initial airway management skills (i.e., bag-mask 
ventilation and preparation for intubation). They found 
that both interns and senior residents can effectively learn 
to perform these skills by participating in a 30-min session 
that utilizes deliberate practice with a high- fi delity human 
patient simulator and comprehensive debrie fi ng  [  10,   11  ] . 
Interestingly, the outcomes for interns taking these sessions 
were similar whether the session was taught by attending 
physicians or by house staff, which included postgraduate 
year 2 or 3 residents completing ICU rotations, chief resi-
dents, or pulmonary fellows  [  12  ] . This supports the notion 
that content expertise is not necessarily a prerequisite for 
instructors of simulation sessions and highlights the impor-
tance of providing trainees with the opportunity to simply 
practice a procedure in a hands-on fashion. Importantly, this 
group also found that participants continued to use the skills 
they learned in the session when performing initial airway 
management with real patients, suggesting that skills taught 
through simulation are potentially transferrable to and sus-
tainable in the clinical environment  [  10  ] . 

 Only one study in the critical care setting has described the 
potential impact of simulation training on endotracheal intu-
bation (ETI)  [  13  ] . As part of an intensive quality improvement 
initiative for ETI at their center, Mayo and colleagues trained 
pulmonary/critical care fellows on the technique of endotra-
cheal intubation and the process of team leadership. Over a 
period of 3 years, they were able to demonstrate that trainees 
had complication rates similar to those previously reported in 
the anesthesia literature and deemed the quality improvement 
process to be a success. Given the high risk of potential com-
plications associated with out-of-operating-room emergency 
ETIs  [  14  ]  and the speci fi c skillset required to manage these 
situations, further investigations to delineate the role that sim-
ulation has in optimizing performance should be undertaken.  

   Central Venous Catheterization 
 Central venous catheters (CVC) are frequently required in 
the critical care environment  [  15  ] . However, insertion of 

these catheters is not without risk  [  16  ] . While the use of 
ultrasound guidance for venous cannulation has led to a 
reduction in the complication rate, training with simulation 
provides promise for further improvements in the safety 
pro fi le of this invasive procedure  [  17  ] . 

 A recent meta-analysis found that simulation-based train-
ing for CVC insertion was associated with high learner satis-
faction, improved learner con fi dence in their ability to 
perform the procedure, and better ability to actually perform 
the procedure on a mannequin  [  17  ] . Additionally, there is 
preliminary evidence to suggest that simulation training for 
CVCs could have a “snowball effect.” To illustrate, Barsuk 
et al. found that after training 1 year of residents to perform 
CVC with high- fi delity mannequins, junior residents in each 
of two subsequent years had improved skills at baseline com-
pared to those who came before them  [  18  ] . On a baseline 
assessment of their ability to insert internal jugular catheters, 
junior residents’ scores went from 46.7% in 2007 to 55.7% 
in 2008 and 70.8% in 2009 ( P  < .001). The authors hypothe-
sized an increase in the quantity and/or the quality of bedside 
CVC teaching that each successive year of junior residents 
received from senior residents could be responsible and that 
this unforeseen side effect could have signi fi cant bene fi ts for 
medical trainees and the healthcare system alike. As dis-
cussed in more detail in the “Patient Outcomes” section, 
there is also evidence to suggest that simulation training for 
CVCs can lead to improvements in relevant patient 
outcomes.  

   Cardiac Life Support 
 The use of simulation is now considered standard practice 
when teaching basic or advanced cardiac life support  [  19–  21  ] . 
While the majority of the evidence suggests learning cardiac 
life support with simulation improves future performance on 
mannequins  [  22–  25  ]  and potentially even positively impacts 
patient outcomes  [  26–  30  ] , other studies have not found this 
to be the case  [  31  ] . Further complicating matters are the 
inconsistent results of studies evaluating the impact of man-
nequin  fi delity on relevant outcomes, with some showing 
improved outcomes with high- fi delity mannequins  [  22–  25, 
  32–  34  ]  and others showing no difference between low- or 
high- fi delity mannequins  [  30,   34–  36  ] . Given the available 
evidence, international guidelines currently recommend sim-
ulators be used when training individuals to perform cardiac 
life support and that either high- or low- fi delity mannequins 
may be used  [  20  ] .  

   Extracorporeal Support 
 The use of extracorporeal support to sustain critically ill 
patients is increasing  [  37  ] . However, given the complex 
nature of the technology involved and the potential for 
catastrophic consequences should technical emergencies 
arise, there is a need to determine how best to educate ICU 

  Fig. 37.1    Part-Task trainer to help teach endotracheal intubation (Used 
with permission of Laerdal)       
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 personnel in using and troubleshooting bedside extracor-
poreal support. One approach described by Anderson et al. 
involved developing an educational intervention that included 
a high- fi delity simulator modi fi ed to accept an extracorpo-
real circuit  [  38  ]  (Fig.  37.2 ). They subsequently demonstrated 
that participants not only had the subjective belief that the 
simulator was superior to traditional extracorporeal mem-
brane oxygenation (ECMO) training but that there was also 
an objective improvement in their technical and behavioral 
skills following the session  [  38,   39  ] . However, a more recent 
trial failed to demonstrate an improvement in participants’ 
ECMO-related technical skills after a simulation session, 
regardless of whether they were being assessed in a simu-
lated or true clinical environment  [  40  ] . While there is cer-
tainly face validity to use simulation to teach the technical 
skills associated with ECMO, further investigations need to 
be undertaken to provide guidance on its optimal use.   

   Bronchoscopy 
 The  fi rst description of a high- fi delity computer-based bron-
choscopy simulator was published in 1999  [  41  ] . and was fol-
lowed shortly thereafter by two studies demonstrating that 
pulmonary and critical care medicine fellows who trained 
using the simulator had dramatically accelerated learning 
curves than those trained in the traditional fashion  [  42,   43  ] . 
More recently, perhaps re fl ecting the growth of interven-
tional pulmonary medicine as a distinct subspecialty, there 
has been a rapid increase in the number of investigations 
published  [  44  ] . 

 In general, these studies have found that simulation is an 
effective and ef fi cient way for trainees to acquire bronchos-
copy skills. For example, Moorthy et al. found that after  fi ve 
attempts on a virtual reality bronchoscopy simulator, novices 
were performing at an equivalent level of pro fi ciency on the 
simulator as bronchoscopists who had performed between 
200 and 1,000 bronchoscopies on real patients  [  45  ] . 

Additionally, Wahidi et al. found that pulmonary fellows 
who received simulator training demonstrated the same level 
of competency after 20 real bronchoscopies as traditionally 
trained fellows achieved after 50 bronchoscopies  [  46  ] . There 
is even evidence to suggest that the technical skills learned 
over a short period of time on a bronchoscopy simulator are 
transferrable to situations involving real patients. Blum et al. 
demonstrated that interns trained on a simulator required less 
assistance and were more thorough when performing bron-
choscopy on real patients in the operating room than those 
interns who had not received training  [  47  ] . 

 While the majority of studies have used high- fi delity vir-
tual reality simulators, a wide assortment of lower- fi delity 
models is also available  [  44  ] . The high- fi delity virtual reality 
simulators have been found to be preferable for learning 
simple bronchoscopy, but for invasive procedures like trans-
bronchial needle aspiration, low- fi delity models such as 
those made from plastic or animals are felt to be better at 
recreating the feel of true human anatomy  [  48,   49  ] . Simulators 
have also been used to help teach other tasks such as chest 
tube insertion and endobronchial ultrasound (Fig.  37.3 ).   

   Other Procedures 
 The discussion above has focused on a number of procedures 
that are regularly performed within the domains of pulmo-
nary and critical care medicine. We have not included other 
potentially relevant procedures because either the role of 
simulation in teaching that skill has not been rigorously eval-
uated (e.g., thoracentesis) or extensive evaluations have taken 
place primarily within other specialties (e.g., endotracheal 
intubation within the  fi eld of anesthesiology). For the latter 
category, excellent reviews of the relevant evidence can be 
found in other chapters in this book (chap 17).  

   Maintenance of Skill 
 While individuals trained with simulation-based medical edu-
cation can rapidly achieve a high level of technical competency 

  Fig. 37.2    ECMO simulator (From Anderson et al.  [  38  ] . Printed with 
permission from Wolters Kluwer Health)       

  Fig. 37.3    Mannequin for chest tube insertion (Used with permission 
of Laerdal)       
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 [  27,   46,   50  ] , studies have also shown that these skills may be 
lost rapidly if not reinforced on a regular basis. Smith et al. ran-
domized 53 residents to be trained to perform CVC insertion 
with either traditional training throughout their ICU rotation 
or traditional training plus a one-time simulator session just 
prior to their ICU rotation  [  51  ] . While the residents who were 
trained with simulators had an initial signi fi cant improvement 
in their performance, 3 months later, their performance had 
deteriorated and was no different than those residents who had 
undergone traditional training. The authors hypothesized that 
because residents did not have the opportunity to practice the 
skills they had acquired during the simulation (on average, they 
each inserted less than two CVCs over the course of an entire 
rotation), they lost any gains that had been made. Similarly, 
Roy et al. found a signi fi cant deterioration in the ability of pedi-
atric residents to appropriately manage life-threatening events 
from 4 to 8 months after their initial training session, leading 
the authors to raise the issue of whether more frequent training 
should be mandated to ensure practitioners maintain compe-
tency in this critical skill  [  52  ] . 

 While there is some evidence to suggest that certain skills, 
such as those that rely on algorithms (ACLS management) or 
motor memory (procedural skills), may be more resistant to 
decay  [  53  ] , the higher-order skills mentioned above, such as 
clinical reasoning, are at higher risk to be lost without ongo-
ing reinforcement  [  52  ] .  

   Summary for Technical Skills 
 The results above are consistent with a recent meta-analysis 
that demonstrated simulation-based educational sessions 
were superior to traditional clinical education for teaching 

technical skills, with a large effect size of 0.71 (95% CI 
0.65–0.76;  p  < 0.001, see Table.  37.1 )  [  54  ] . In addition, the 
demonstration of accelerated learning curves when simula-
tors are used to teach procedural skills  [  67  ]  when combined 
with the potential decline in these skills over time without 
deliberate practice  [  51,   52  ]  suggests that simulation could 
play an important role in pulmonary and critical care medi-
cine not only for acquiring competency but also for main-
taining that competency over the course of a career.    

   Communication 

 Effective verbal communication within the healthcare team 
and between the healthcare team and patients and their fami-
lies is a crucial component of providing optimal patient care 
 [  68  ] . In particular, in the fast-paced ICU setting, ineffective 
communication has been shown to be an important risk fac-
tor for adverse events  [  69,   70  ] . Therefore, it is extremely 
important to provide healthcare practitioners opportunities to 
achieve and maintain competency with respect to communi-
cation skills. 

 Simulation-based medical education has been shown to 
be an effective method not only for novice learners to acquire 
fundamental communication skills for family meetings in 
the critical care setting  [  71  ]  but also for experienced practi-
tioners and teams to re fi ne their existing skills  [  72,   73  ] . For 
example, 40 cardiac arrest teams from a number of different 
hospitals were found to have signi fi cant improvements in 
leadership, team coordination, and verbalizing situational 
information after a day-long educational session that involved 
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  Table. 37.1    Summary    of the 
impact of simulation-based training 
compared to traditional education 
(From McGaghie et al.  [  54  ] . 
Printed with permission from 
Wolters Kluwer Health)       

 



52937 Simulation in Pulmonary and Critical Care Medicine

simulation-based learning of crisis resource management 
skills  [  72  ] . De Vita et al. also demonstrated a signi fi cant 
improvement in crisis resource management skills after med-
ical emergency team (MET) members underwent simulation 
training  [  73  ] . 

 Recently, there has also been increasing interest in explor-
ing the effectiveness of communication between healthcare 
providers. In particular, the issue of handover, or transfer of 
patient information from one healthcare provider to another, 
has been garnering more attention. Each time a handover 
occurs, important information may be lost  [  74  ] . As the 
number of consecutive hours physicians are able to work 
continues to decrease, there is an obligatory increase in the 
number of handovers of patient information that must occur. 
Therefore, there has been interest in improving the quality of 
this process in order to minimize the impact of discontinuity 
of care on patient outcomes  [  75,   76  ] . 

 Within the critical care environment, simulation has been 
used to improve the effectiveness of communication and 
information transfer during nursing handover at shift change 
 [  77  ] . When compared to baseline, nurses were signi fi cantly 
more effective in communicating key pieces of information 
like demographics and physiologic data after completing a 
workshop. The effectiveness of simulation to teach and 
assess physicians’ communication skills speci fi cally during 
handover has been used in other specialties  [  78  ]  but, to our 
knowledge, has not yet happened in pulmonary or critical 
care medicine. Given the potential negative impact of dis-
continuity of care on patients, providing individuals the 
opportunities to learn these skills, especially within the safe 
environment made possible with simulation training, should 
be an educational priority.  

   Patient Safety 

 An argument for the development of a simulation-based 
 curriculum that focuses on patient safety and crisis resource 
management in the ICU has previously been proposed by 
Fox-Robichaud and Nimmo  [  79  ] . After acknowledging the 
groundbreaking work that anesthesiologists have made by 
integrating crisis resource management training in their  fi eld, 
the authors highlight a number of differences in the critical 
care environment, including shared decision-making and 
managing multiple critically ill patients simultaneously, that 
justify modifying the “tried and true” methods to achieve 
additional ICU-speci fi c competencies. There are now numer-
ous examples of simulation-based initiatives that have been 
developed to improve patient safety within the critical care 
environment. 

 For example, mock codes conducted throughout a hospi-
tal have been used not only to improve how the cardiac arrest 
team functions but can also be used to help optimize logistics 
at a systems level (see Chap.   10    ). Villamaria et al. describe 

the use of mock codes not only to help orient the code blue 
team to a new hospital but also to troubleshoot the building 
in order to improve patient safety  [  80  ] . After conducting 12 
mock codes in different areas of the hospital, they identi fi ed 
issues such as locked doors, inadequate phone access, and 
suboptimal crash cart placement, all of which were subse-
quently addressed prior to any actual patient harm as a con-
sequence of these system de fi ciencies. 

 Another example of simulation being used to improve 
patient safety comes from Ford and colleagues  [  81  ] . When 
compared to didactic sessions, nurses who received training 
with simulation-based sessions had signi fi cantly less medi-
cation administration errors. 

 Additionally, Burton et al. used a high- fi delity simula-
tor to provide nurses and respiratory therapists the oppor-
tunity to undertake deliberate practice of technical and 
nontechnical skills related to ECMO  [  40  ] . Over the course 
of the study, signi fi cant improvements were seen in par-
ticipants’ knowledge and attitudes toward safety and their 
ability to work effectively as a team. Clearly, simulation 
shows promise as an educational technique for teaching 
the principles of this important construct to healthcare 
professionals.  

   Patient Outcomes 

 There is increasing evidence that structured simulation-based 
education that targets mastery learning through deliberate 
practice can positively impact patient outcomes  [  82,   83  ] . 
Within the  fi elds of pulmonary and critical care medicine, 
there are a number of studies that provide indirect evidence 
of this relationship. Examples include improved adherence 
to ACLS protocols during actual code events  [  27  ] , decreased 
number of needle passes during central line insertion  [  64  ] , 
and a reduction in the incidence of catheter-related blood-
stream infections (CRBSI)  [  84  ] . While this last example 
led to a signi fi cant cost savings of over $700,000 per year 
 [  85  ] , the impact that the decrease in CRBSI had on direct 
patient outcomes such as length of stay or mortality was not 
reported. 

 One recent study in the critical care environment provides 
more direct evidence that a positive relationship between 
simulation-based medical education and patient outcomes 
may exist. Over a 4-year period, Andreatta et al. conducted 
an increasing number of simulated codes with debrie fi ngs 
as part of an educational initiative for residents and code 
team members at one hospital  [  26  ] . They found a signi fi cant 
increase in the number of patients who survived code blues, 
rising from a baseline of 33–56% after the fourth year of 
implementation. While there were a number of limitations 
with the design of the study including lack of informa-
tion regarding individual resident performance and some 
important details of the codes themselves, this still provides 
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a strong signal that simulation-based medical education has 
the potential to improve patient outcomes. 

 Importantly, the vast majority of the relevant studies in 
this area have compared simulation-based medical education 
to no intervention  [  82  ] . Therefore, results need to be inter-
preted with this in mind and future studies designed to pro-
vide a realistic comparison of educational techniques.  

   Assessment and Evaluation 

 As medical education moves toward a competency-based 
framework  [  86  ] , simulation is poised to take on a greater role 
in assessment and evaluation because of its ability to assess 
what medical professionals’ actually do, rather than simply 
what they say they would do  [  87  ] . This may be particularly 
important within the specialties of pulmonary and critical 
care medicine as many of the required core competencies, 
including technical skills, ability to communicate, and team-
based care, are extremely dif fi cult to assess with written 
exams or other traditional methods of assessment  [  79  ] . 

 For example, the creation of reliable and valid checklists 
now allows for objective assessments to take place for tech-
nical skills such as endotracheal intubation  [  88  ] , advanced 
cardiac life support protocols  [  23  ] , central venous catheter 
insertion  [  89  ]  and bronchoscopy  [  90  ] , communication skills 
 [  91  ] , and complex patient management skills  [  92–  95  ] . While 
simulation has been used almost exclusively for formative 
assessments within the specialties of pulmonary and critical 
care medicine, given the rapid advances being made in simu-
lation technology and development of assessment tools with 
rigorous psychometric properties, it may now be ready for 
use in high-stakes certifying examinations at a national level, 
much like it has in other specialties  [  96,   97  ] . 

 Within a competency-based training framework, simula-
tion assessments at regular intervals could provide useful 
information to both program directors and trainees. For 
example, Wahidi et al. found that pulmonary trainees dem-
onstrated signi fi cant interindividual variation in their skill 
level despite having performed the same number of broncho-
scopies  [  46  ] . Therefore, information from these assessments 
could be used to create and periodically modify a more per-
sonalized schedule of learning experiences for each trainee 
over the course of their residency based on their speci fi c 
needs. Once a physician has completed their training, simu-
lation could also be used as a tool to assess maintenance of 
competency over time, identify areas for remediation, or to 
assess to what degree a disability or impairment impacts 
clinical performance  [  98  ] . 

 In addition to evaluating the performances of individuals, 
simulation can be used to assess teams or systems. Marsch 
et al. used a high- fi delity human patient simulator to assess 
the quality of care provided during mock cardiac arrests in 

the intensive care unit  [  99  ] . They found that there were 
signi fi cant gaps in quality of care, such as delays in initiation 
and subsequent suboptimal quantity of CPR provided, and 
that there was lack of creation of an effective team environ-
ment. This powerful information was subsequently used to 
create initiatives to improve patient care. 

 With its ability to consistently recreate scenarios in a stan-
dard fashion, simulation has the potential to play an important 
role in formative, summative, and certifying assessments of 
individual medical professionals, teams, and systems within 
the specialties of pulmonary and critical care medicine.  

   Overall Comment on the State of the Science 

 In general, simulation has been shown to be at least equiva-
lent, if not superior in performance to traditional methods of 
education  [  82  ] . While the evidence base for simulation con-
tinues to grow at a rapid pace, there remain signi fi cant gaps 
in our knowledge that we need to  fi ll in order to best guide 
exactly when, how, and for what simulation should be used 
in the specialties of pulmonary and critical care medicine.   

   The Art of Critical Care Simulation 

 Much like in other areas of medicine, when evidence is still in 
evolution, relying on experience and best judgment to make 
decisions is the next best option. Based on the experiences of 
others and our own, in this section we outline a number of key 
issues that warrant consideration when aiming for a successful 
simulation experience within pulmonary and critical care med-
icine, they include places, people, pedagogy, and practicality. 

   Places 

 Traditionally, large stand-alone simulation centers have been 
constructed in an attempt to centralize both technical and 
human resources. While these centers still play an important 
role in conducting large-scale scheduled simulation endeav-
ors, in recent years there has been a movement toward the 
use of in situ simulation within critical care medicine because 
of a number of potential advantages  [  100  ] . First, learning in 
the same environment in which that knowledge or skillset 
will later be used has previously been demonstrated to 
improve learning outcomes  [  101,   102  ]  and even potentially 
contribute to improved patient outcomes  [  26  ] . 

 Second, in situ simulation provides tremendous  fl exibility. 
Similar to anesthesia and the surgical specialties, some 
aspects of pulmonary and critical care medicine occur within 
a de fi ned environment and therefore lend themselves nicely 
to training in simulation laboratories. However, because 
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other aspects, like cardiac arrests or medical emergency team 
calls, can occur in any part of the hospital, a simulation labo-
ratory may not be able to accurately replicate the environ-
ment. Using in situ simulation, mock cardiac arrests can be 
performed in any location (hallway, staircase, outside the 
hospital, etc.) at any time of day or night based on what is 
needed to achieve the speci fi c learning objectives. 

 Third, compared to off-site simulation centers, accessibil-
ity is dramatically improved; as a result, trainees are more 
likely to receive simulation-based training when the simula-
tor is readily available  [  103  ] . Finally, while the cost to pur-
chase the current generation of portable high- fi delity human 
patient simulator is still signi fi cant, it is signi fi cantly less 
than those required to procure, renovate, and maintain dedi-
cated simulation laboratory space  [  104  ] . Given all of these 
reasons, we have been increasingly using in situ simulation 
in our ICUs in recent years (Fig.  37.4 ).   

   People 

 The  fi rst group of “people” involved in simulation are the 
learners. Within the critical care environment in particular, it 
is important to be cognizant of the wide variety of learners 
that may be participating. There are not only medical train-
ees from numerous specialties and at various stages of train-
ing but also learners from many other disciplines including 
nursing, respiratory therapy, pharmacy, social work, and 
physiotherapy that could be involved in simulation on a daily 
basis. Additionally, a multitude of other specialties or health-
care services from outside the ICU might be appropriate to 

be included in sessions. Since a “one-size- fi ts-all” approach 
to simulation will not lead to optimal learning outcomes, 
identifying the various groups and engaging them to deter-
mine their learning needs is a worthwhile endeavor. 

 The second group of “people” are the facilitators and edu-
cators involved in making the simulation actually happen. 
Ideally, a committee of dedicated and enthusiastic individu-
als with representatives from each of the disciplines listed 
above should be assembled. They should receive appropri-
ate training, including topics such as curriculum design and 
evaluation, case development, and debrie fi ng techniques. In 
addition, ensuring appropriate remuneration and nonmon-
etary recognition for their efforts is extremely important in 
order to ensure sustainability of the program. Also, when 
the simulation involves multiple disciplines, we have found 
it useful to have a facilitator from each of those disciplines 
present to provide face validity and content expertise if 
needed. 

 It goes without saying that having an individual who takes 
on the role of “champion” is crucial for developing and sus-
taining a simulation program. Since there are always more 
priorities in a healthcare system than there is money or 
human resources to support, having an enthusiastic and 
effective leader to ensure that simulation is seen as a valuable 
priority is extremely important.  

   Pedagogy 

 Our approach to any educational session involves three steps: 
plan, teach, and review. 

  Fig. 37.4    In situ setting for 
simulation at St. Paul’s Hospital       
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   Plan 
 There are three steps to planning simulation sessions that we 
have found useful. First is to plan how and when simula-
tion will be used within the context of an entire educational 
curriculum. Without a systematic approach, there may be a 
tendency to focus solely on content that can be taught with 
simulation and, in the process, miss other important topics, 
or try to use simulation to teach everything, when in fact dif-
ferent teaching modalities would be more effective for some 
content areas (see Table  37.2 ). Second, once the learning 
objectives that will be most effectively met using simulation 
have been identi fi ed, the speci fi c details for each session, 
such as case scripting, location, props, and scheduling, can 
be planned.  

 The third step is planning for spontaneous sessions. 
Occasionally, clinical service demands are such that an 
unscheduled simulation session can occur. We have found 
these to be extremely high yield because the sessions can be 
used to cover content areas or skills that the learners have 
identi fi ed as being immediately relevant. For example, if a 
debrie fi ng session following a real cardiac arrest identi fi ed a 
number of areas for opportunities, the team could immediately 
practice by using the simulator to recreate the same situation. 
Although planning for this type of session is challenging, 
steps such as developing a library of cases, training most if not 
all faculty members to use simulation technology and having 
a basic approach to simulation sessions that both the learn-
ers and facilitators are familiar with can greatly enhance their 
effectiveness and the likelihood that they will occur.  

   Teach 
 Based on the learning objectives within your curriculum, 
simulation can be used to teach a wide variety of content 
knowledge and skills as outlined above in the Science sec-
tion. However, we  fi nd it most useful to facilitate learning 
skills that are more dif fi cult to acquire when using traditional 
instructional modalities. For example, we focus less on con-
tent knowledge that can be acquired from books or didactic 
sessions and more on technical skills, communication skills, 
and leadership skills (see Table  37.3 ). In our institution, the 
physician membership of the cardiac arrest team changes 
every 4 weeks as residents complete their rotations. As a 
result, we have found simulation to be an invaluable resource 
to orient new residents and provide opportunities for deliber-
ate practice in patient and team management skills.  

 While important learning gains can be made by simply 
participating in a simulation session, in our experience the 
most effective learning occurs during debrie fi ng when feed-
back is provided and teaching points are highlighted. Based 
on the learning objectives of the case, we target a maximum 
of three teaching points for each debrie fi ng; we otherwise 
 fi nd that learners get overloaded and fail to retain key infor-
mation. Having well-trained and experienced facilitators 
who can identify these relevant teaching points, create a safe 
atmosphere, engage learners, and provide honest and con-
structive feedback is crucial to the success of the session. 

 We feel that all specialists in pulmonary and critical care 
medicine should have the opportunity to acquire this skillset 
and so have incorporated this teaching into our fellowship 

   Table 37.2    Sample content from a pulmonary and critical care medicine simulation curriculum for learners at different stages of training   

 Knowledge domains  Procedural skills  Process skills 

 Medical students  Cardiac arrest  CPR  Introduction to communicating 
in an emergency situation  Shock  ACLS protocols 

 Acute respiratory failure  Bag-mask ventilation 
 Acid–base derangements  Intubation using laryngoscope 
 Hyperkalemia  CVC insertion 

 Thoracentesis 
 Paracentesis 

 Residents  In addition to knowledge listed above:  In addition to skills listed above:  Basic crisis resource 
management skills   Physiologic basis for resuscitation   Intubation using simple airway adjuncts 

  Coma/seizure   Chest tube insertion 
  Hypertensive emergencies   Ultrasound for CVC insertion 
  Multisystem trauma   Transvenous pacemaker 

 Fellows  In addition to knowledge 
listed above: 

 In addition to skills listed 
above: 

 Advanced crisis resource 
management skills 

  Toxidromes 
  Severe respiratory failure 
  Refractory shock 
  Transportation medicine 
  Obstetrical emergencies 

   Advanced airway adjuncts ( fi ber-optic,
surgical airway, etc.) 

 Advanced communication 
skills (families, interprofessional 
con fl ict, etc.)   Bronchoscopy 

  Advanced ventilation strategies 
  ECMO management 

   CPR  cardiopulmonary resuscitation,  ACLS  advanced cardiac life support,  CVC  central venous catheter,  ECMO  extracorporeal membrane 
oxygenation  
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program. In different academic sessions throughout their 
training, fellows learn about the basics of simulation, sce-
nario creation, and techniques for teaching, debrie fi ng, and 
providing feedback. They have the opportunity to observe 
faculty facilitators during sessions with more junior residents 
and subsequently facilitate these sessions themselves with 
direct observation and feedback from faculty. 

 In addition to its role as an instructional modality, we 
have found simulation very useful for assessing our critical 
care medicine fellows’ progression over the course of their 
2-year training in areas such as content knowledge, commu-
nication skills, crisis resource management, and procedural 
skills. The results are used in a formative fashion to create 
and revise their personal learning plan on an ongoing basis.  

   Review 
 Following every simulation session, it is important to review 
positive aspects and identify opportunities for improvement 
based on the input of all participants and by undertaking a 
process of self-re fl ection. In general, we have found written 
anonymous feedback to be an effective means to obtain honest 
and constructive comments from participants, although not all 
choose to complete it and those that do often leave little in the 

way of detailed information. However, if a team has been 
working together with the same facilitator for a number of ses-
sions, they may be able to develop a level of trust that enables 
feedback to be given verbally; in our experience, this usually 
provides the most meaningful suggestions for change. 

 Self-re fl ecting on the session, the facilitator’s personal 
performance and the feedback that others provided can be a 
particularly challenging thing to do, especially when the ses-
sion has not gone well. However, it is an important way to 
improve as a facilitator and can provide valuable feedback 
for improving the sessions and curriculum. 

 It is also important that review be undertaken at a systems 
level and that feedback be used to help guide curriculum 
renewal on a regular basis.   

   Practicality 

 We believe that this is one of the most important aspects of a 
successful simulation program in pulmonary and critical 
care medicine and applies to each of the three other key 
issues described above. For example, simulation should be 
easily accessible, easy to use, and have reasonable initial and 

   Table 37.3    Sample scenario: code blue communication   

 Dif fi culty: 
  Easy 
 Target: 
  Junior ICU resident 
 Objectives: 
  1. Demonstrate appropriate management of a cardiac arrest according to current ACLS guidelines (pulseless VT) 
  2.  Demonstrate the ability to effectively communicate with members of the multidisciplinary healthcare team during a crisis situation 

when limited information is initially available (should include evidence of data gathering, active listening, clear communication of 
orders, and thought processes) 

 Setting: 
  Intensive care unit 
 Props: 
  Mannequin, already intubated 
  BMV unit 
  IV, central line, saline bags, stocked arrest cart 
 Cast: 
  1–2 residents (one will be the code team leader) 
  2 bedside nurses (can give meds, history, assist in CPR) 
  2 respiratory therapists (can provide assistance with airway, assist in CPR) 
 Overview: 
   The resident team is called to the bedside of a 78-year-old patient in the ICU who was admitted last night. The only information that they 

will be given is a brief synopsis that the post-call resident gave during handover this morning. ( Severe community-acquired pneumonia, 
required intubation, broad-spectrum antibiotics started, started to improve hemodynamically, and from an oxygenation perspective 
post-intubation ). Further details are available only from the nurses and respiratory therapists at the bedside during the scenario 

   Upon arrival, the residents will  fi nd the patient in pulseless ventricular tachycardia. Details of the events leading up to the arrest 
(past history of CAD with NSTEMI 2 weeks ago and over past hour increasing tachycardia and increasing norepinephrine infusion 
with sudden decompensation into VT 1 min ago) can be obtained from the nurses and RTs if asked 

 Performance evaluation: 
  Code blue communication checklist 

   VT  ventricular tachycardia,  BMV  bag-mask ventilation,  NSTEMI  non st elevation myocardic infraction,  RT  respiratory therapist  
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ongoing costs. The learning objectives and the simulation 
 experience need to be  fl exible, seen as relevant by each par-
ticipant, and enjoyable for both participants and facilitators. 

 In our opinion, practicality should receive a higher prior-
ity than  fi delity. We  fi nd it much more practical to use lower-
 fi delity simulators that are stored in the ICU than to have to 
go off-site to use a higher- fi delity model. We have also found 
that it is the facilitators rather than the  fi delity of a manne-
quin that can make or break a session. Financially, if we had 
to choose between buying a new simulator or investing in our 
facilitators, we would choose the latter every time. 

 While these are just a few of many potential examples, 
the important point is recognizing the impact that practical-
ity can have on the sustainability of a successful simulation 
program.   

   Conclusion 

 Despite the gaps in available evidence, the use of simulation-
based training in the specialties of pulmonary and critical care 
medicine is almost certain to continue to increase given the 
current patient safety climate and the face validity that it has as 
an educational technique. The important task ahead of us will 
be determining how best to combine this exciting technology 
with existing instructional techniques in order to optimize the 
learning of current and future healthcare professionals.      
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          Introduction 

 Radiology has evolved to become essentially two distinct but 
closely related  fi elds: diagnostic and interventional radiol-
ogy. The use of simulation is therefore diverse in its nature 
when applied to radiology. In this chapter, we present the 
role of simulation in diagnostic radiology, which includes 
not only its role for practitioner training but its role as an 
education tool for our patients as they prepare to undergo 
potentially frightening procedures. Simulation has been uti-
lized in very novel ways for these purposes, and we believe 
much of this material will be of interest to the reader and 
may provide others with potential bene fi cial applications to a 
variety of other specialties. In the following chapter (Chap. 
  39    ), the role of simulation in interventional radiology is pre-
sented. Given the nature of invasive radiology and its ground-
ing as a procedure-centric specialty, simulation in this  fi eld is 
more similar to other interventional  fi elds and has shown 
great promise. 

 Simulators in diagnostic radiology are an interesting 
dichotomy. Surprisingly there is perhaps no specialty that 
uses simulators as much as radiology (i.e., case-based lec-
tures, online modules, and phantoms to calibrate modalities); 
yet, if you ask most radiologists, they will tell you that they 
never use simulation. When thinking of simulators in radiol-
ogy, it helps to consider them from three points of view: 
directly helping the patient, directly helping the imaging 
 technology, and directly helping the radiologist. In this chap-
ter, we present the point of view and the evidence for the use 
of simulation in each. We also have embedded practical appli-
cations for simulation for these three arenas.  

   Simulators in Radiology: Preparing the Patient 

 In radiology, high-quality imaging is often required to make 
a diagnosis or evaluate an abnormality. In order to obtain 
high-quality, diagnostic images, radiologists must rely on 
their patient’s cooperation and ability to follow speci fi c 
instructions. Simulators are used to help prepare patients for 
examinations prior to imaging. This is most prevalent in 
pediatric radiology where simulators are widely utilized to 
help children understand the processes and procedures they 
will undergo as part of the examination. In this setting, simu-
lators can be placed into three broad categories: demonstra-
tion, practice, and play therapy. In reality, however, all three 
methods are often used in combination. 

 Demonstration is perhaps the simplest method of simula-
tion. The patient is shown the machines and equipment with 
which they will be interacting during the procedure. This 
demonstration can vary widely depending on the study that 
is being demonstrated. 

 MRI is an ideal procedure for demonstration as the long 
scan times, relatively small scanner bore, and loud noises 
make it at times a dif fi cult study for patients to undergo with-
out sedation. Mock scanners (scale or full-size models of the 
clinical scanners) have been used to prepare children for 
the experience of undergoing MRI (Fig.  38.1 )  [  1–  6  ] . While 
this practice is not widespread, in hospitals that provide this 
experience, the patient is able to take a tour of the radiology 
department and see a life-sized scanner. While in the practice 
scanning room, MRI sounds can be played over speakers in 
the room or via headphones to prepare the patient for the 
noises they will hear during scanning.  

 Several studies have been performed evaluating the util-
ity of mock MRI in preparing children for MRI and evalu-
ating its effect on the need for anesthesia  [  1,   2  ] . In the 
largest study, a mock MRI program was able to reduce the 
need for sedation by almost 17% in patients aged 3–8 years 
old  [  1  ] . It is likely that such programs would bene fi t patients 
with anxiety, claustrophobia, or other limitations when 
undergoing MRI. 
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 Fluoroscopy is another modality where demonstration is 
often used. The  fl uoroscopic environment is often frighten-
ing to patients as they are forced to lie down on a hard table 
in a dark room while a large camera comes down close to 
their body. The group of medical personnel standing over 
them performing the study can also be intimidating. Because 
of the way the test is performed, the patient is rarely sedated; 
yet, they are subject to invasive and sometimes painful pro-
cedures. Demonstration cannot completely prepare a child 
for this scenario, but it can help them to understand what will 
happen during the study. 

 Child life specialists are an invaluable resource in helping 
children prepare for  fl uoroscopic procedures in an age-
appropriate manner. Before the study is performed, the child 
life specialist welcomes the child and brings him or her to the 
 fl uoroscopy suite. Once there, the child life specialist shows 
the patient the  fl uoroscopy machine and how it works. 
Patients are allowed to touch the machine and the table. 
Then, the child life specialist explains the procedure to the 
patient using a picture book where a doll is shown to be the 
patient. Depending on the child and his or her level of under-
standing and anxiety, the child life specialist can then 

 demonstrate what the child will experience by using the doll 
(Fig.  38.2 ). The child is able to feel all tubes or catheters that 
will be used during the procedure so that he or she is better 
prepared once the radiologist enters the room.  

 Practice is another method that is used extensively to help 
simulate the procedure and help the patient prepare for an 
exam. An example of practice is in preparing patients for 
MR elastography (MRE). In this procedure, the patient 
undergoes an MRI while a 7-in. plastic speaker, called the 
passive driver, is placed on the patient. The passive driver is 
connected via pneumatic tubing to the active driver, an audio 
subwoofer, in the MRI control room. In order to prepare 
patients for the vibration sensation that they will feel during 
scanning, child life specialists use a vibrating passive driver 

  Fig. 38.1    Mock CT scanner. The scanner is a 1:10 size scale model of 
the clinical scanner. The small size allows children to prepare for the 
actual scan by placing a doll or stuffed animal on the table and moving 
it through the gantry       

a

b

  Fig. 38.2    ( a ) Dolls can be used to help prepare children for different 
examinations. In  fl uoroscopy, child life specialists can demonstrate cor-
rect positioning for a contrast enema using a doll. ( b ) Dolls can also be 
used to show children how the machines works       
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simulator on the child prior to the MRE (Fig.  38.3 ). The pre-
scan simulation helps prepare patients for the sensation they 
will feel during scanning and helps to reduce patient anxiety 
and sudden movements at the start of the actual MRE 
sequence.  

 Practice is often coupled with demonstration in an attempt 
to prepare patients for a procedure. What is practiced often 
depends on the invasiveness of the procedure. In noninvasive 
procedures, patients are able to experience a large portion of 
what they will undergo in a nonthreatening and staged 
approach. 

 Using a full-scale mock MRI as an example, the follow-
ing procedure has been described as a method to help pre-
pare children for scanning  [  1  ] . First, the child and his or her 
caregiver are assessed for their level of anxiety. The responses 
then help to guide the remainder of education, practice, and 
demonstration. The child life specialist then uses age and 
developmentally appropriate methods to teach the patient 
about the procedure. This education can involve picture 
books, videos, listening to sounds recorded from the MR 
scanner, and demonstration with dolls. Finally, the patient is 
able to lie in the mock scanner, lie in a radiofrequency coil, 
and practice lying still. They are able to pick the music they 
would like to listen to or the movie that they would like to 
watch during scanning. In this scenario, they are able to sim-
ulate the entire scanning process prior to the scan itself. 

 In more invasive procedures such as a voiding cystoure-
throgram (VCUG) or contrast enema, it is not possible to 
practice the most dif fi cult portions of the procedure. For 
these procedures, the child life specialist demonstrates the 
procedure through picture books or demonstration on dolls. 
The child is then placed on the  fl uoroscopy table where they 
are able to practice relaxation techniques and the positions in 

which they will be placed. Child life specialists use age-ap-
propriate tools such as party blowers or bubbles not only to 
perform deep breathing during painful portions of the proce-
dure but also as a means of distraction and play (Fig.  38.4 ). 
Prior to the procedure, children practice these techniques 
while on the  fl uoroscopy table to simulate as much of the 
procedure as possible.  

 The  fi nal technique of simulation used in patient prepara-
tion in pediatric radiology is play therapy. This is perhaps the 
most immersive technique in that children are able to become 
more comfortable with the procedure by simulating the 
examination through play. One of the bene fi ts of play therapy 
is that a child life specialist can observe the child and iden-
tify their speci fi c anxieties. They are then able to target edu-
cation and relaxation techniques directly to this portion of 
the examination. 

 In preparation for CT or MRI, play therapy can be used as 
another method to reduce anxiety. Scale model scanners have 
been developed so that a doll or stuffed animal can undergo 
the scan (Fig.  38.1 ). The child is able to place his or her doll 
on the model scanner and push it through the machine. While 
they are playing, children will often explain the procedure 
from their point of view to their doll. Child life specialists are 
able to use this play to help explain speci fi c parts of the 
examination to the child. 

 Play is often a large part of practice as well. For example, 
when practicing deep breathing with party blowers, child life 
specialists can turn the deep-breathing technique into a game. 
Instead of just blowing through the party blower, the children 
can aim for their parents or a technologist’s nose (Fig.  38.4 ). 
This can turn an anxiety-provoking scenario into a game 
where everyone in the room is laughing. 

 While demonstration, practice, and play therapy often help 
to prepare children for a procedure, the material used must be 
appropriate for the child. At least one study has  suggested that 

  Fig. 38.3    In order to obtain high-quality images, it helps to prepare 
patients for unexpected or unusual sensations. In MR elastography, 
child life specialists prepare children for the vibrations they will feel by 
placing the passive driver on the abdomen prior to scanning       

  Fig. 38.4    Child life specialists use age-appropriate tools such as party 
blowers or bubbles to help children learn deep-breathing techniques for 
relaxation prior to undergoing a painful or anxiety-provoking 
procedure       
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these techniques may lead to an overall increase in anxiety. 
This study showed that in children 7–12 years of age, the pre-
paratory material used led to increased questioning and anxi-
ety by the child  [  7  ] . It is possible that the anxiety provoked in 
this study is an anomaly related to the techniques used as sev-
eral other studies have shown that demonstration, practice, 
and play can be used to decrease anxiety and the need for 
sedation during a procedure  [  1–  3,   6  ] .  

   Simulators in Radiology: Preparing 
the Imaging Technology 

 Simulators are most extensively used in radiology to help 
test and calibrate the imaging modalities. Every radiology 
department uses phantoms as part of its check on quality 
control and quality assurance for each modality. Each test 
acts as a check on the performance or internal consistency 
of the machine with key outcomes related to image quality, 
sensitivity of the machine in detecting subtle lesions, the 
radiation output of the machine, or the reproducibility of 
 fi ndings. The type of phantom used varies depending on the 
machine that is being tested and the feature being evaluated. 
Phantoms are commonly used in radiography, CT, MRI, and 
nuclear medicine. Because each modality employs a num-
ber of different tests, many of which require an understand-
ing of the physics of that speci fi c modality, only a few tests 
on select modalities are described here. The modalities 
selected for this chapter are the focus of active research or 
are thought to be good examples of phantoms used to test 
the modality. 

 With the rapid increase in the use of CT for diagnosing 
and managing a wide variety of conditions, there has been 
considerable research performed to develop methods to 
increase image quality while at the same time decreasing the 
radiation dose to the patient  [  8  ] . Because each CT scan deliv-
ers radiation to the patient, it is impractical and unethical to 
perform this testing on patients. Two main methods have been 
developed to evaluate the radiation dose delivered by a cer-
tain study: phantom-based studies and computer simulation. 

 Phantoms can vary in complexity and sophistication 
depending on the measured variable. For CT, the simplest 
phantom is a water phantom  [  9  ] . This type of phantom is cre-
ated by  fi lling a structure with water. The water phantom 
works on the principal that water has a de fi ned CT density (0 
Houns fi eld units). Any variation from this is the image noise. 
As the radiation used to acquire the image is decreased, the 
noise increases. The water phantom can thus be used to mea-
sure image noise. 

 Test phantoms can vary considerably. One type of phan-
tom called a “performance phantom” allows various cylinders 
of different densities to be inserted into the phantom. This is 
also used to detect image noise as well as the reproducibility 

of measurements  [  10  ] . Low-contrast phantoms are used to 
assess the sensitivity of nodule detection. In these phantoms, 
there are multiple cylinders of varying diameter. Each cylin-
der has a density slightly higher than water. These phantoms 
work on the principal that as noise increases, the lesions will 
become more and more dif fi cult to identify. Linearity phan-
toms are used to ensure that a known element has a speci fi c 
density on CT (Fig.  38.5 ). In this phantom, there are multiple 
pins, each containing a known density. The pins are placed in 
a cylinder that has water density. The phantom is scanned and 

a

b

  Fig. 38.5    ( a ) Photograph and ( b ) CT of a linearity phantom. Phantoms 
are used in every radiology department to help calibrate the modalities. 
Linearity phantoms are used for CT to ensure that the density of the 
structures meets a known standard       
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the density of each element is measured and plotted to ensure 
the accuracy of the CT numbers.  

 The most advanced phantom is the anthropomorphic 
phantom (Fig.  38.6 ). Anthropomorphic phantoms can be 
constructed in various shapes and sizes to simulate the differ-
ences between males and females or patients of different 
sizes and ages. Even though these phantoms are designed to 
simulate the human body in shape and internal appearance, 
they can vary considerably. Some anthropomorphic phan-
toms are designed for a speci fi c application such as lung 
nodule detection  [  11  ] , while others are used to evaluate the 
whole body  [  10,   12–  14  ] .  

 The majority of the current research performed using 
anthropomorphic phantoms involves the calculation of radia-
tion dose  [  12–  14  ] . Anthropomorphic phantoms are useful for 
dose calculations because they take differences in body con-
tour and different tissue interactions into account  [  14  ] . High-
quality anthropomorphic phantoms will include all major 
internal organs. Phantoms used for dose calculations have 
multiple holes within them so that dosimeters can be placed 
within the phantom and organ doses can be measured. Using 
anthropomorphic phantoms in this manner allows for a stan-
dard method of calculating dose that is reproducible across 
different machines and differing technologies. 

 Some of the newest phantoms are entirely computerized. 
High-quality computerized phantoms help to address the 
main shortcoming of anthropomorphic phantoms, namely, 
the cost associated with fabricating the number of phantoms 
required to simulate the large range of patient sizes, clinical 

needs, and physiologic motion  [  8  ] . Computerized phantoms 
are therefore incredibly useful in “characterizing, evaluat-
ing, and optimizing CT imaging systems and image process-
ing and reconstruction methods”  [  8  ] . The biggest 
disadvantage of computerized phantoms is that there is no 
physical object to scan; thus, the actual dose cannot be 
measured. 

 There are two main types of computerized phantoms: 
voxelized and mathematical  [  8  ] . Voxelized phantoms are 
based on patient data obtained from CT or MRI and appear 
very lifelike. They are useful in evaluating speci fi c organs 
and image quality; however, their main disadvantage is that 
to simulate motion or anatomic variation, interpolation must 
be used, introducing error  [  8  ] . Mathematical phantoms use 
geometric shapes to construct organs. Because the shapes are 
prede fi ned, they are easily manipulated to account for ana-
tomic variation and motion. The major limitation of mathe-
matical phantoms is the simplistic equations on which they 
are based. This limits exact modeling of human physiology 
 [  8  ] . As computers become more powerful, hybrid phantoms 
have been created that are based on patient imaging data and 
use more complex mathematical models to de fi ne the inter-
nal structures  [  8  ] . 

 Because all modern radiologic imaging is digital, the 
images acquired as part of a clinical scan can be used for 
further simulation to evaluate the effect that changing imag-
ing parameters has on image quality  [  15,   16  ] . Several hybrid 
studies have been performed where simulated noise has been 
added to clinical scans as a way to produce scans with noise 

a b  Fig. 38.6    ( a ) Anthropomorphic 
phantoms can vary in complexity 
depending on their purpose. The 
anthropomorphic phantom in this 
photograph has multiple leads 
attached to it in order to measure 
the radiation dose at different 
locations. ( b ) CT image of the 
same phantom shows soft tissue 
( arrow ), bone ( dashed arrow ), 
and air- fi lled structures ( arrow 
head ), similar to a patient       
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equivalent to reducing dose. This method allows researchers 
to perform large-scale studies evaluating the effect reduced 
dose has on image quality and diagnostic accuracy  [  15  ] . The 
bene fi t of this data is that new imaging techniques can be 
evaluated and tested while the patient is imaged based on the 
current clinical standard. 

 Although not used to the same degree as CT, simulators 
have been created to optimize image quality for radiographs 
 [  17–  19  ] . These simulators work on principles similar to 
those of CT simulators. Simulated images are created either 
through computer modeling, manipulating clinical images, 
or imaging phantoms of varying complexity.  

   Simulators in Radiology: Preparing 
the Radiologist 

 Simulators designed for radiologists are most akin to simula-
tors in other  fi elds of medicine. These simulators can be 
placed into two broad categories: those used to teach image 
interpretation and those used to teach a speci fi c technique or 
procedure. 

   Diagnostic Simulators 

 Diagnostic radiology is ideally suited for simulation. All of 
the imaging and information related to its interpretation are 
digital. This makes reproduction of any imaging study for 
simulator use simple and likely effective as long as true rep-
resentations are provided. Digital images allow creators of 
radiology simulators to create unique work fl ows for image 
interpretation such as creating digital “hotspots” to identify 
abnormalities. Further, radiologists are used to working in a 
digital environment so that a simulated environment can look 
and feel exactly like the real production environment, simply 
by the presentation of digital material. 

 Despite the relative ease with which simulation can be 
used in this  fi eld, simulation in diagnostic radiology has 
lagged behind other medical specialties. Most simulation is 
designed to teach a speci fi c skill or technique. In radiology, 
diagnostic interpretation involves complex pattern recogni-
tion of a heterogeneous group of studies, involving multiple 
modalities and encompassing multiple body parts. Basic 
radiology interpretation involves creating a search pattern 
and methodically using this pattern every time to identify 
differences from the imagined standard (i.e., “normal”) for 
the imaged body part. The complexity of creating such a sys-
tem to teach image interpretation is beyond the scope of most 
applications. 

 One could argue that another reason for the lag is that 
although simulation is used in radiology, it has not progressed 
into the digital era. Radiology education has traditionally 

included case conferences where the trainee is asked to inter-
pret an unknown case in front of his or her peers. This type 
of education plays an important role in radiology because it 
allows a large group of trainees to see rare cases that may not 
be encountered during their training. Case conferences allow 
the educator to identify key pertinent positive and negative 
 fi ndings based on the discussion by the trainee. This type of 
simulation is helpful in that other trainees can observe the 
process their peers use to form a differential diagnosis. The 
disadvantage of this method is that only one trainee can 
actively participate at a time. This unknown case format has 
been transmitted into the digital era via cases of the day or 
week on popular radiology websites such as the American 
College of Radiology’s  Case in Point  (  http://www.acr.org/
HomePageCategories/CaseInPoint.aspx    ), AuntMinnie.com’s 
 Case of the Day  (  http://www.auntminnie.com    ), and the 
Society of Pediatric Radiology’s  Case of the Week  (  http://
www.pedrad.org    ). 

 Perhaps the main reason simulators have not been widely 
developed for diagnostic radiology is the lack of a perceived 
need. The impetus of most medical simulators is patient 
safety, particularly in relationship to resident and fellow train-
ing. In diagnostic radiology, the trainees are almost always 
supervised. This is particularly true for the junior-most resi-
dents where their case load is limited both in volume and 
complexity. For residents, every study is overread by a staff 
radiologist before the  fi nal report is released. During the over-
read process, trainees are instructed on  fi ndings that they 
missed or overinterpreted. At many institutions, the only time 
unsupervised preliminary image interpretations are released 
to the hospital is overnight. Radiology residents must have 1 
year of radiology training before they are allowed to take 
unsupervised call. Even with this regulation, many hospitals 
have instituted 24-h faculty coverage, making unsupervised 
image interpretation almost nonexistent. 

 Given that unsupervised overnight time potentially repre-
sents the biggest risk to patient safety in diagnostic radiol-
ogy, several simulators have been created to help prepare 
residents for this overnight call  [  20–  28  ] . These simulators 
have ranged in complexity in their included cases, included 
modalities,  fi le format of the digital image, and method of 
interpretation. 

 The  fi rst digital image simulators focused on speci fi c 
indications or types of studies to teach one skill such as iden-
tifying intracranial hemorrhage on CT of the head or buckle 
fractures in pediatric patients (Fig.  38.7 )  [  25,   26,   29  ] . With 
these simulators, the user was asked to answer one question, 
namely, is a speci fi c abnormality present or is the study nor-
mal? In constructing the simulators, diagnostic images were 
converted from their native Digital Imaging and 
Communications in Medicine (DICOM) format to a JPEG 
formatted image via a screen capture. Digital hotspots were 
then added so that the user could click on any potential area 

http://www.acr.org/HomePageCategories/CaseInPoint.aspx
http://www.acr.org/HomePageCategories/CaseInPoint.aspx
http://www.auntminnie.com/
http://www.pedrad.org/
http://www.pedrad.org/
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of abnormality. Using a pretest and posttest, this type of sim-
ulator was shown to be effective in teaching trainees to make 
a speci fi c  fi nding  [  25,   26  ] . There have been no studies evalu-
ating the user’s actual clinical performance before and after 
using this simulator.  

 There were several advantages to this type of focused 
simulator. First, the simulator was easy to use and required 
little training. Second, the user was able to see a large num-
ber of challenging cases in a small amount of time. Finally, 
because users received instantaneous feedback on what they 
missed, they learned as the simulation module progressed. 

 Even though these focused simulators were effective, there 
were several disadvantages that limited their adaptation. First, 
there are a limited number of diagnoses that have subtle imag-
ing  fi ndings yet occur with a high-enough frequency to 
 warrant inclusion into a simulator. Second, even though radi-
ologists work in a digital environment, they are used to 
DICOM images. Modern picture archiving and communica-
tion systems (PACS) allow the user to magnify images, win-
dow/level, make measurements, and even provide sharpening 
algorithms to improve edge detection. Without these tools, 
the focused simulators are not truly able to mimic a radiolo-
gist’s work environment. Third, focused simulators often used 
one or several images, not the entire data set. The trainees 
knew that if an abnormality was present, it would be on the 
provided image. While this helps the trainee identify subtle 
 fi ndings on the image and can help with the search pattern, it 
does not mimic the current practice in radiology where a radi-
ologist must scroll through a large volume of images to make 
a diagnosis. Finally, the creation of focused simulators was 
often seen to be too time intensive for the indications where 

they worked best. Most medical simulators are used to help 
teach clinicians how to manage rare or particularly dangerous 
indications. The indications that work best in focused radiol-
ogy simulators are neither rare nor dangerous. 

 As the next generation of diagnostic simulators was cre-
ated, the components of an ideal simulator were discussed 
 [  22  ] . First, it is thought that the simulator should mimic the 
appearance and functionality of the clinical PACS in use in 
the radiologist’s normal environment. This would allow the 
radiologist to use the tools required to make a diagnosis in an 
environment similar to everyday practice. Second, the simu-
lator should accept fully anonymized DICOM data sets. 
Having the data in a DICOM format would allow radiolo-
gists to use the clinical tools with which they are familiar, 
such as window/level and measurement tools. Perhaps the 
most signi fi cant advantage of having the entire imaging data 
set is that it allows the radiologist to simulate clinical prac-
tice closely by evaluating every image and every sequence 
for pertinent positive and pertinent negative  fi ndings. The 
third feature of an ideal simulator is easy case entry. For sim-
ulators to enjoy widespread use, administrators must be able 
to add cases quickly with limited interaction. Finally, the 
ideal simulator should provide both immediate and long-
term feedback so that users can assess their progress at every 
step of their training. 

 At least one simulator has been created that employs these 
principles  [  21,   22  ] ; however, this simulator only works in 
one environment, at one hospital, for one purpose, and is not 
commercially available. The simulator was designed using 
hypertext markup language (HTML) and interfaced to the 
PACS via an open application programming interface, 

  Fig. 38.7    Several indication-
speci fi c simulators have been 
developed. These simulators 
typically function in a web-based 
environment where the user 
clicks on a digital hotspot ( oval ) 
that contains the  fi nding       
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a  feature unique to the Philips iSite PACS (Philips; Best, The 
Netherlands). While there were features unique to the simu-
lator (such as the worklist, the method of entering the inter-
pretation, and the feedback mechanism), the overall process 
of image viewing was identical to the clinical practice. 

 For the most part, diagnostic radiology simulators have 
not progressed beyond this point. There are several reasons 
for this failure. Perhaps the main reason that simulators have 
not been developed is that they cannot meet the  fi rst compo-
nent of an ideal simulator: that they mimic the appearance 
and functionality of the clinical PACS. Because there are a 
large number of PACS vendors, it is not possible to create a 
simulator that will suit every user base. 

 Even with this limitation, it is possible to create a simula-
tor using a local PACS. The easiest way to do this is to use 
the test PACS environment (if available) to house each diag-
nostic study. If the test PACS is used, many of the features of 
an ideal radiology simulator can be realized: The environ-
ment closely mimics the production system, fully anony-
mized DICOM data sets can be imported to the test 
environment, and  fi nally, pushing DICOM images between 
the production and test environments is easy and can be per-
formed by a PACS administrator. 

 Even though this process works to transfer and view images, 
there are several limitations. User access to the test PACS 
environment is often limited; some institutions are limited by 
the number of user logins that can be assigned to the test 
PACS. If this limitation exists, the production PACS can be 
used as a repository for anonymized data sets. This functional-
ity is possible only if the number used as the unique identi fi er 
for each study can be manipulated so that two instances of the 
same study can live in the production environment. While this 
method has been used at some institutions  [  30  ] , it may not be 
an acceptable solution at other locations. 

 Another major limitation of using the test PACS environ-
ment as a simulator is that there is no easy way for users to 
enter their interpretations. If the test PACS is used, the sim-
plest method of case interpretation is to either allow the user 
to dictate their interpretation using a digital recorder or to 
ask the user to write or type their impression. In either sce-
nario, the process is not entirely the same as their standard 
clinical practice. 

 The  fi nal limitation of using the test PACS as a simulator 
is that there is no way to provide immediate or long-term 
feedback to the user. If the interpretation is written down or 
dictated, a third party must grade the responses. While this 
method of adjudication can be useful for certain purposes, it 
does not allow trainees to work independently while tracking 
their progress. 

   Simulation for the Practicing Radiologist 
 There are many potential uses of simulators in radiology 
besides on-call preparation  [  22  ] . Perhaps the use with the 

biggest potential is in postresidency training. For faculty 
radiologists, it is often dif fi cult to master a new technique 
such as MR elastography or effectively read studies with new 
contrast agents such as hepatocyte-speci fi c contrast agents or 
blood pool agents. Simulators allow radiologists to read a 
large volume of cases in a short period of time, gaining the 
knowledge it would otherwise take months to learn on their 
clinical service. 

 Simulators could also be used as part of a continuing 
medical education program. For example, a course could 
offer a simulator as a way to augment lectures on a certain 
topic. The attendees would then be able to use their new-
found knowledge to interpret challenging cases and thus 
solidify their understanding of a new concept. This type of 
active learning is much more effective than the passive learn-
ing employed in typical didactic lectures. Through their 
strong industry ties, the American College of Radiology 
(ACR) has been able to create an education center that uses 
this type of learning. The ACR Classroom has several fea-
tures to optimize learning including a large volume of educa-
tional cases, a small student to faculty ratio, and individual 
PACS workstations for each learner with their PACS viewer 
of choice. In addition to providing training, course attendees 
receive a certi fi cate of completion which can be used to cer-
tify competency in certain types of exams such as cardiac CT 
and CT colonography. While their education center is seen as 
a model of radiology education, it suffers from a lack of por-
tability (i.e., the cases and simulation cannot be brought 
home for continued practice).  

   Simulation for Assessment and Testing 
 Simulation can also be used as a testing tool. While this 
 concept is standard with simulators in scenarios such as CPR 
training, it is thus far foreign in radiology. Current testing for 
maintenance of certi fi cation or certi fi cates of added quali-
 fi cation is computer based; however, the exams rely on static 
images of a speci fi c abnormality and focus on the examinee’s 
ability to make a diagnosis. While this is helpful, it does not 
truly test the entire process of what makes a good radiologist, 
namely, the ability to identify  fi ndings, recognize pertinent 
positive and negative  fi ndings, form a differential diagnosis, 
and communicate the results to the ordering health care pro-
vider. Simulator-based testing would allow the certifying 
board to test these skill sets. 

 In addition to board examinations, simulators could also 
be used in testing trainees. Through prerotation tests and 
postrotation tests, radiology residency programs could prove 
that their trainees had gained competency in certain  fi elds. 
Competency-based tests could also be used to prove readiness 
for call or even be a requirement for graduation from a train-
ing program. Once validated, this type of testing would allow 
training programs to have more objective data proving that 
their graduates are ready to care for patients independently.   
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   Procedural Simulators 

 The procedural-based simulators used in radiology are more 
typical of simulators used in other  fi elds of medicine. This 
class of simulators helps to teach the user a speci fi c task or 
technique in a safe environment removed from patients. 
Procedural simulators vary in complexity from the simplest 
simulators created using typical household objects to the 
most complex simulators created with advanced computer 
interfaces and anthropomorphic models. The simulators dis-
cussed below are separated by modality. 

   Ultrasound 
 Ultrasound simulators have been used for two main pur-
poses: teaching scanning technique and teaching ultra-
sound-guided interventions. One use of simulators that 
teach scanning technique is to help prepare junior-level 
residents to be on call  [  28  ] . Ultrasound makes up a large 
percentage of cases ordered from the emergency depart-
ment because of its availability, safety, and wide range of 
indications  [  28  ] . While at some hospitals trainees only 
need to know the basics of scanning in order to be able to 
troubleshoot dif fi cult cases after hours, at other hospitals 
the trainee is responsible for both performing and inter-
preting after-hour scans. In order for a scan to be diagnos-
tic, the sonographer must be able to locate and optimize the 
organ or abnormality of interest, obtain images in standard 
planes, provide appropriate measurements, and, if needed, 
use advanced functionality such as Doppler waveforms. In 
addition to being able to master all of these skills, the 
trainee must be able to complete the scan in a timely 
fashion. 

 Even though trainees must master the skills of scanning 
before being able to scan patients independently, it is 
dif fi cult for them to gain this experience. Modern sonogra-
phy departments are busy, and rapid patient throughput 
does not allow time for deliberate training  [  28  ] . Because of 
these limitations, simulator-based training is required. 
Traditionally, trainees have turned to each other, taking 
turns at being a mock patient while they let their class-
mates practice scanning. While this allows the user to get 
familiar with the machine and certain body parts, it does 
not allow the user to practice scans such as transvaginal 
sonography or scrotal ultrasound. To address this concern 
and to allow for a more standardized education, ultrasound 
simulators have been developed and are commercially 
available  [  28  ] . These simulators function as stand-alone 
machines where the sonographer scans a mannequin yet is 
able to provide real-time ultrasound images. Modules can 
be purchased to focus on speci fi c body parts such as the 
abdomen, the breast, or female pelvis. Each module allows 
the user to scan abnormal patients and practice performing 
and interpreting the study. 

 Other ultrasound simulators have been developed to teach 
users how to scan a small patient population for a speci fi c indi-
cation such as craniosynostosis in infants  [  31  ] . This type of 
simulator has typically been used to teach a new technique to 
users already familiar with ultrasound. The  fi rst step in creat-
ing an indication-speci fi c simulator is to create a model/phan-
tom for the disease process. Creating a model often requires 
lots of trial and error; however, several principles should be 
kept in mind. 

 There are several features of an ideal phantom for ultra-
sound  [  32  ] . First, the model should have a similar size and 
shape to the body part being scanned. This allows the user to 
practice their technique accurately. Second, the phantom 
should have similar acoustic properties to the desired organ 
or pathology. Many ultrasound phantoms can be constructed 
using common household items. Care must be made so that 
the constructed phantom looks similar to the organ in real 
life. This again helps the user prepare for the patient sce-
nario. Next, the ideal model would be cheap and easy to pro-
duce and be reusable and reproducible. If a simulator program 
is to be effective, the phantom must be similar each time it is 
used so that the training experience is standardized. Finally, 
targets must be distinguishable from surrounding medium 
and must not corrode with time. If the phantom will be used 
to test an intervention such as a biopsy, it should be clear to 
the user when contact has been made with the target. 

 Ultrasound is commonly used for image-guided biopsies as 
it has many advantages compared to other imaging modalities 
 [  32  ] . The chief advantage of ultrasound is that it allows for real-
time imaging while the procedure is being performed. This 
allows the interventionalist to watch the needle at all times dur-
ing the procedure. Because the ultrasound probe is relatively 
small, patients can often be positioned in a way that is both 
comfortable and provides an adequate window to the organ or 
pathology. The  fi nal advantage of ultrasound over other types 
of image guidance is the lack of ionizing radiation. 

 Even though there are many advantages of ultrasound, its 
use can be limited due to the skill required to perform ultra-
sound-guided interventions. Some operators, particularly 
trainees,  fi nd it dif fi cult to control the ultrasound probe with 
one hand and the needle or biopsy gun with the other hand. 
Ultrasound simulators have been used to help users gain this 
skill in a safe environment. 

 Many simulators have been developed for ultrasound-
guided interventions; this chapter will focus on simulators 
developed for the breast and kidney  [  32–  42  ] . Simulators for 
breast ultrasound are typically used to help users learn breast 
biopsy. While commercial simulators that model the human 
breast exist [Blue Phantom,   http://www.bluephantom.
com/product/Breast-Biopsy-Ultrasound-Training-Model.
aspx?cid=438    ; CIRS,   http://www.cirsinc.com/products/
modality/76/needle-breast-biopsy-phantom-with-amor-
phous-lesions/    ; Kyoto Kagaku,   http://www.kyotokagaku.com/

http://www.bluephantom.com/product/Breast-Biopsy-Ultrasound-Training-Model.aspx?cid=438
http://www.bluephantom.com/product/Breast-Biopsy-Ultrasound-Training-Model.aspx?cid=438
http://www.bluephantom.com/product/Breast-Biopsy-Ultrasound-Training-Model.aspx?cid=438
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http://www.cirsinc.com/products/modality/76/needle-breast-biopsy-phantom-with-amorphous-lesions/
http://www.cirsinc.com/products/modality/76/needle-breast-biopsy-phantom-with-amorphous-lesions/
http://www.kyotokagaku.com/products/detail03/us-6.html
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products/detail03/us-6.html    ], many institutions prefer cre-
ating their own phantoms using natural materials, such as 
chicken or turkey breasts, or manufactured materials such 
as gelatin. 

 Commercial phantoms have several disadvantages that 
make them less useful than homemade phantoms  [  33  ] . First, 
the consistency of commercial phantoms is often different 
than the human breast, and the shape is more dome-shaped 
compared to the breast in a supine patient. Second, the echo-
texture is uniform, making the needle easy to identify. While 
this may be an advantage for early trainees, it differs com-
pared to the experience of working with a real breast. Finally, 
commercial phantoms are often expensive compared to the 
low cost of the homemade phantoms. 

 The homemade breast phantoms often employ fruits or 
vegetables to simulate lesions  [  33,   35–  37  ] . Targets that can 
mimic solid lesions include grapes, peas, potatoes, and 
olives. Strawberries can be particularly useful as the seeds 
can help to mimic a calci fi ed lesion  [  36  ] . Cysts can be simu-
lated by  fi lling a latex glove with water and tying off the 
 fi ngers  [  36,   37  ] . By simulating different types of lesions, the 
user is able to practice different techniques such as biopsy 
and cyst aspiration in the same setting. 

 Simulators for renal ultrasound have focused on perform-
ing renal biopsy and placement of nephrostomy tubes  [  39–
  42  ] . Similar to the breast, commercial renal phantoms are 
available [Blue Phantom,   http://www.bluephantom.com/
product/Replacement-kidneys-for-renal-biopsy-ultrasound-
training-model.aspx?cid=545    ; CIRS,   http://www.cirsinc.
com/products/modality/81/kidney-training-phantom/    ]; how-
ever, many institutions prefer homemade phantoms due to 
cost. Homemade phantoms can again be biologic or manu-
factured. Biologic phantoms have been described using the 
kidneys of recently slaughtered pigs inserted in either a 
chicken breast or gelatin  [  40,   41  ] . The advantage of these 
phantoms is that the kidneys match the appearance and con-
sistency of the human kidney. The biggest disadvantage of 
the biologic phantoms is they do not last long before they 
must be disposed and they pose risks inherent to biologic 
systems. Manufactured phantoms may avoid the disadvan-
tages of biologic phantoms; however, they are time-consum-
ing to produce, may not look and feel like a human kidney, 
and, depending on their construction, may not allow the user 
to perform the range of interventions possible with a biologic 
phantom.  

   Fluoroscopy 
 Most  fl uoroscopy simulators have been created for interven-
tional radiology and will be discussed in Chap.   38    . Only a 
few simulators have been developed that mimic procedures 
typically performed in  fl uoroscopy  [  43,   44  ] . Each of these 
simulators was designed to teach a speci fi c skill. 

 Intussusception is a relatively common cause of an acute 
abdomen in children between 6 months and 2 years of age. It 
is unique in that it is treated with an air or  fl uid contrast 
reduction under  fl uoroscopy. While it is relatively common, 
more than 40% of radiology residents have little or no expe-
rience in treating the disorder  [  43  ] . Because  fl uoroscopic 
reduction of intussusception can be the de fi nitive treatment, 
the radiologist must be pro fi cient at performing the proce-
dure. In order to teach trainees this skill as well as how to 
deal with rare complications, a simulator was developed in 
one department using a doll and computer interface 
(Fig.  38.8 ). This simulator allowed faculty radiologists to 
teach trainees the technique required to reduce an intussus-
ception without placing a patient at risk. There have been no 
studies comparing the clinical performance of trainees who 
have used the simulator versus trainees who did not use the 
simulator.  

 The intussusception simulator was designed to teach 
trainees a technique that is performed infrequently and car-
ries a risk of bowel perforation that, while rare, can be cata-
strophic. The simulator that was created for gastrojejunal 
tube placement was designed for different reasons  [  44  ] . This 
procedure is very common and has rare, treatable risks yet is 
technically demanding. The goal of this simulator is to help 
trainees become pro fi cient in the technique before they are 

  Fig. 38.8    Photograph of a simulator created for practicing intussus-
ception reduction. Plastic tubing with the external release valve ( arrow ) 
connects the aneroid gauge and bulb insuf fl ator to the cylinder within 
the doll. Additional tubing extends from the doll to a pressure sensor 
and is transmitted via USB cable to a computer. The computer displays 
simulated images taken during an intussusception reduction (Reprinted 
from Stein-Wexler et al.  [  43  ] , with permission from Springer)       
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care for patients to reduce the use of excessive  fl uoroscopy 
time. This type of simulator provides an environment where 
users can repeatedly practice new techniques (Fig.  38.9 ).   

   Interventional Radiology 
 Interventional radiology (IR) involves minimally invasive 
procedures that require specialized  fi ne motor and visuospa-
tial endovascular skills using imaging (e.g., X-ray  fl uoroscopy, 

ultrasound) to guide the manipulation of needles, wires, and 
catheters in vascular and organ systems. Because of the high 
level of manual dexterity required to perform procedures, IR 
is ideally suited for the use of simulator-based training. 
Several simulators have been developed for this purpose. 
They are described in detail in Chap.   39    .    

   Conclusion 

 The current trend in medicine is to move away from the tra-
ditional models of learning and toward a more objective/
structured approach to education and performance evalua-
tion. This trend is mirrored in radiology where simulators are 
being used to help prepare patients, test and calibrate  imag-
ing modalities, and train radiologists. While the use of simu-
lators in training radiologists has lagged behind other 
specialties, simulators used for other purposes (such as cali-
brating modalities) are a part of the standard practice of every 
radiology department. It is likely that with work-hour restric-
tions and fewer patient encounters, trainees will have greater 
exposure to simulation as time goes by, as will practicing 
radiologists through certi fi cation processes and CME.      
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          Introduction 

 Interventional radiology (IR) and specialties performing 
endovascular procedures (e.g., vascular surgery, invasive 
cardiology and cardiothoracic surgery, and neurosurgery) 
involve minimally invasive procedures that require special-
ized  fi ne motor and visual-spatial endovascular skills using 
imaging (e.g., X-ray  fl uoroscopy, ultrasound) to guide the 
manipulation of needles, wires, and catheters in vascular and 
organ systems. Even today, training of complex and core IR 
skills largely uses a traditional master-apprenticeship model 
in the fashion of Halstead and Hippocrates, where invasive 
medical procedures are learned and practiced on patients, 
albeit with supervision by a senior “master.” Although it is 
time tested and has worked successfully for years, there are 
many disadvantages associated with this traditional method 
of training since it can be inef fi cient, unpredictable, and 
expensive  [  1,   2  ] . 

 As is the case with healthcare in general, there are many 
in fl uences that have driven the development of simulation 
within IR  [  3  ] . Work hour limits in the USA and Europe limit 
in-hospital work of trainees, therefore reducing the time and 
case mix available to train. The popularity of interventional 
training impacts on the available case mix, which may vary 

between centers, and inevitably limits exposure to rare and 
adverse events. Other drawbacks include time and cost of a 
mentor’s supervision, lack of transparency, and the inevitable 
added risks to patients. 

 One of the main drivers toward simulation-based educa-
tion has been a strong emphasis toward patient safety. 
Reports such as “To err is human” by the Institute of 
Medicine  [  4  ]  highlighted for the  fi rst time to the public, 
medical professionals and the government, the realities, 
and consequences of medical errors. This report stated that 
44,000–98,000 patients may die per annum as a result of 
medical errors in the USA alone and that this is the eighth 
leading cause of death, exceeding motor vehicle accidents. 
More than half of these errors were thought to be prevent-
able, and the report speci fi cally recommended reduction of 
error by using simulation methods to improve the effective-
ness of training and patient safety. This has led to patient 
safety and medical errors being high on the medical and 
political agendas. 

 Simulation has been used for some time in other, risk-
averse industries such as aviation and the military, introduc-
ing environments to train and assess complex and hazardous 
tasks in safety where the real-world experience is both costly 
and dangerous. The technical demands of medical tasks sim-
ilarly require speci fi c cognitive and perceptual-motor skills 
for success and safety. There are risks of an inexperienced 
medical trainee learning such skills in an apprenticeship 
model, and these risks may be reduced through “pre-patient 
training” that uses medical simulation technologies to 
improve safety for patients  [  5  ] .  

   Bene fi ts of Simulation for IR 

 The bene fi ts of introducing simulation into a training cur-
riculum for IR include an opportunity to gain experience in 
an environment free from risk to patients, to learn from 
mistakes, to rehearse complex cases, and to obtain  objective 
assessments free from bias. A broad range of simulation 
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methods include scenarios using actors, trainers, and com-
plete teams;  fi xed and homemade models; animals and 
cadavers; augmented reality and virtual environments; and 
hybrid simulations using a combination of technologies, 
methods, and arrangements for context. None of these 
methods fully replicates the “gold standard”  fi delity (faith-
fulness of replication) of the patient, and thus, each method 
has limitations, including fragility and a lack of variability 
of  fi xed models, cost, lack of suitable anatomy and pathol-
ogy, ethics and political issues of using animals, and hard-
ware challenges for computer simulations. However, 
simulation can nonetheless replicate key procedural steps 
and even the complete tasks to a suf fi cient level of  fi delity 
and content that, once validated, can be used to learn skills 
that transfer to performance in patients. 

 While simulator models themselves can be costly to 
manufacture, simulations can be cost-effectively aligned to 
a range of specialty groups with common training objec-
tives. This might apply to IR skills that are a focus of inter-
est to related specialties such as endovascular access and 
procedures in cardiology or vascular surgery. Such simula-
tions have been developed by academic centers in the UK 
using virtual reality, where the core skills of interpreting 2D 
X-ray or ultrasound images are reproduced in a simulator in 
the same way as they are viewed in real-life procedures. 
These virtual reality (VR) models have been developed 
using content (visual and tactile) developed from in-depth 
procedural knowledge with the aim of realistically simulat-
ing a patient; such an approach has groundbreaking training 
potential.     

  Achieving High-Fidelity IR Simulation 
 A well-developed simulator should mimic the real-world 
task, performing the critical actions in real time and 
allowing the observer to suspend their belief  [  6  ] . It should 
provide appropriate content (what we can actually see, 
feel, and/or do in the simulation) and  fi delity (faithful-
ness of reproduction) for the key components of the task 
so that consistent and uniform skills can be learned and 
assessed. 

 To attain correct content that realistically re fl ects the 
real-world task, developers need to draw upon the 
 in-depth procedural knowledge of subject matter experts 
(SME) to form a clear understanding of the processes 
involved in achieving the desired training objectives in 
the curriculum. The ultimate aim is for the participant to 
believe in the realism of the arti fi cial  fi eld that they are 
immersed in within the simulated environment. Ideally 
they should experience the same apprehensions and con-
cerns in the virtual patient, as they would in the real-life 
setting. 

   Role of Task Analysis in Development 
 For this to occur, key steps in a simulation are  fi rst 
identi fi ed by a team of human factors experts using task 
analysis (TA) which acts as the basis of simulator devel-
opment. Without this there would be little hope to mirror 
the real-world task or provide effective training. 

 Although TA techniques have played an important role 
in the development of training for the last 100 years and 
formed much of the health and safety legislation currently 
in operation  [  7  ] , they are still in their infancy as tools 
within healthcare. The emergence of TA techniques has 
started to be used as an educational resource within the 
medical community, in the development of IR simulators 
 [  8  ]  and surgical training  [  9  ] . 

 TA originally focused on observable behaviors that 
complete a given task. However, to fully understand and 
appreciate complex procedural tasks, a more detailed 
mapping of operators’ thought processes has to be under-
taken in the form of hierarchical and cognitive TA. This 
includes discussions, interviews, and, perhaps, video-
recording and observing procedures performed by SMEs. 
The detailed procedural documentation obtained covers 
all, or many of the key steps of the procedures and forms 
the basis of a technical blueprint for simulator model 
development. Computer-based simulations bring the 
added bene fi t of objective assessment of trainee perfor-
mance, to identify safe completion of a training objective 
within the target curriculum and allow pro fi ciency-based 
training. Task analysis also provides the essential data to 
inform development of relevant metrics that assess safety 
and correct completion of the speci fi ed training objective. 
The simulator model’s metrics which are technical tools, 
created by computer scientists and supported by SMEs’ 
identi fi cation of critical performance steps (CPS) from 
the TA, using a questionnaire tailored to the task. CPS not 
only generate a simulator’s metrics and assessment report, 
but can provide evidence for observer-based assessment 
checklists and global scoring systems. 

 It can be seen that TA provides essential data for a 
simulator model’s content and development, to create an 
illusion of the real-world process  [  10  ] . The ability to use 
metrics that have been objectively derived from TA meets 
a requirement for credibility of the simulator, particu-
larly where there may be consideration of use for creden-
tialing and revalidation purposes. In this way, the TA 
process de fi nes all aspects of the simulator, how it seems 
to an observer, its internal algorithms, its operational 
scope, and what it can assess  [  8  ] . All stages of simulator 
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   Procedural Simulations in Interventional 
Radiology 

 Procedural simulators are of particular interest in IR. 
Computer-based simulations, in particular, provide IR train-
ees the chance to learn and be assessed while performing 
interventional tasks in a safe environment. Integrated com-
puter hardware, interface devices, and custom software pro-
vide some realistic tactile sensation and force feedback to 
enable the user to react in accordance with near real-world 
visual cues in an on-screen display  [  17  ] . Such training may be 
well suited to IR techniques as it enables trainees to learn 
basic wire and catheter handling skills, with the promise of 
allowing experts an opportunity for procedural rehearsal and 
skills maintenance. It provides procedural simulation with 
real-time interactions; two-dimensional (and sometimes three-
dimensional) graphic displays of angiographic anatomy; 
mechanical interfaces using real guidewires, sheaths, and 
catheters that provide some degree of haptic feedback; and 
modeling of physiologic and pharmacologic responses  [  18  ] . 

 Simulators have been incorporated into training programs 
for physicians learning vascular interventions such as carotid 
artery stenting (CAS), iliac and renal artery stenting, and vis-
ceral procedures such as nephrostomy drainage, ultrasound 
targeted liver biopsy, and inferior vena cava  fi lter placements.  

   Endovascular Simulators 

 Mentice VIST™ (Vascular Intervention Simulation Trainer; 
Gothenburg, Sweden) claims to be a high- fi delity endovas-
cular simulator that provides realistic hands-on training for 
angiographic and interventional procedures. The simulator 
comprises a mechanical haptics interface unit housed within 
a plastic mannequin cover, a high-performance desktop 
computer, and two display screens. Modi fi ed instruments 
are inserted through an access port into the haptics device 
that imparts tactile sensation and force feedback. The physi-
cian is able to select appropriate endovascular tools and per-
form interventional procedures guided by visual cues from 
the simulated  fl uoroscopic screen. The performance is mea-
sured using assessment parameters such as contrast  fl uid 
used, total procedure time,  fl uoroscopy time, and some clini-
cal parameters (endovascular tools used, stent placement 
accuracy). A procedure report is provided automatically for 
each session. At the same time, the construct validity of such 
a simulation might be enhanced by using evidence-based 
metrics  [  12  ] . 

 The cases available on this simulator include comprehen-
sive modules on cerebral, carotid, coronary, renal, and iliac/
SFA angiography, including stenting and coiling. The vari-
ous modules are claimed to facilitate the development of 

development should be conducted in close collaboration 
with the credentialing organization and its training 
curriculum.  

   Validation 

 Validation determines the authenticity of the simulation 
and the relevance of any metrics. An appropriate level of 
validity is required to ensure  fi tness for the purpose of 
training and assessment, before being formally used within 
a curriculum  [  11  ] . To be effective, a simulation should be 
an accurate representation of the real-world system that 
would normally be used for a given training objective. 
Hence validation starts with building the right simulation 
model for the task to be trained, where development is 
informed by a detailed task analysis from its inception. 

 Although validation is new to surgery, it has been well 
developed in psychology and behavioral sciences. A valid 
instrument’s assessment tools correctly measure proce-
dure steps that are important to safe completion of the 
training objective (construct validity) and train skills that 
transfer to actual procedures in patients in the clinical 
environment (transfer of training)  [  12  ] . Validation is usu-
ally achieved through the calibration of the model to 
actual system behavior using the discrepancies between 

the two, and the insights gained, to improve the model. 
For medical simulation this process is formed by SME 
review of the content and appearances of the simulation, 
feeding discrepancies back to developers until the accu-
racy of a model’s content is judged to be acceptable (con-
tent validity). 

 Once the steps of a simulation are correctly replicated 
(content validity), and the simulation and its context 
appear realistic to an operator (face validity), there is a 
need to demonstrate transfer of training, and that these 
skills are retained over time (skills maintenance). For pre-
dictive validity, the simulation’s assessment should pre-
dict future competence in patients as con fi rmed in a 
subsequent clinical study. Lastly, concurrent validity cor-
relates the new method with a gold standard such that the 
performance of experts can be distinguished from that of 
novices during the same time frame. 

 Although the transfer of skills has been shown for simu-
lations of laparoscopic surgery  [  13  ] , colonoscopy  [  14  ] , and 
anesthesia  [  15  ] , very few simulations in radiology have 
been successfully validated to show improvement in techni-
cal skills in patients. Some evidence is now being collected 
for interventional and endovascular procedures  [  8,   16  ] .     
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equipment handling skills and clinical decision-making abil-
ities by providing multiple access options and a variety of 
patient scenarios, thus challenging the learner’s procedural 
capabilities. 

 Multiple validation studies proving face and construct 
validity have been carried out on the VIST, but two important 
studies have shown that this high- fi delity simulator equates to 
an effective training and assessment model, with transfer of 
training being shown in vivo  [  16,   19  ] . This has even led to the 
production of a portable version of the simulator, VIST-C™. 

 The Simbionix AngioMentor™ Ultimate (Simbionix, 
Cleveland, OH) is another endovascular trainer that has a 
similar range of arterial procedures to the VIST including the 
use of haptics technology. This simulator offers greater 
emphasis on patient monitoring with a comprehensive drug 
panel, vital signs and ECG monitoring, drug administration, 
and response to physiological disturbances (Fig.  39.1 ).  

 Even though research has not been performed con fi rming 
that the training users receive on this simulator is able to be 
transferred to real patients, research has con fi rmed that the 
AngioMentor can reliably discriminate between different 
levels of experience when performing a percutaneous endo-
vascular carotid stenting procedure, thus demonstrating con-
struct validity  [  20  ] . This has led to two further device versions 
including the AngioMentor Express (portable version) and 
the AngioMentor Express dual access (for use in challenging 
endovascular procedures that require two access sites in the 
same intervention). 

 The Simsuite SIMANTHA ®  (Medical Simulation 
Corporation, Denver, CO) is a larger, high- fi delity simulator 
system incorporating situations with multiple events, imme-
diate feedback, and high sensory load, with up to six interac-
tive screens to facilitate multidisciplinary team training. This 
system also includes response to patient physiology features, 

  Fig. 39.1    Simbionix AngioMentor: ( a ) AngioMentor workstation, ( b ) 
workstation with projected image (note physiologic data inlay), ( c ) vir-
tual angiographic image, ( d ) CT image corresponding to  fl uoroscopic 

views of abdominal aortic aneurysm, and ( e ) vascular segmentation 
workstation showing aortic pathology and corresponding CT images 
(Photos used courtesy of Simbionix)           

a

b

c 
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Fig. 39.1 (continued)
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ba

  Fig. 39.2    CAE Cath Lab VR: ( a ) Cath Lab VR workstation, ( b ) participants performing cerebral angiogram, and ( c ) screen shot of coronary and 
aortic angiogram (Photos courtesy of CAE Healthcare ©2012 CAE Healthcare)       

as well as covering the procedural and skills training of the 
entire process of care. 

 A study performed using this simulator showed signi fi cant 
improvement in the technical skills of nine residents over a 
3-day period following simulator-based training  [  21  ] . The 
residents signi fi cantly improved in three categories, includ-
ing total procedure time (decreased 54%), volume of con-
trast (decreased 44%), and  fl uoroscopy time (decreased 48%) 
in repeated simulation-based testing. 

 The CathLabVR™ (CAE, Montreal, Quebec) also boasts 
peripheral arterial, carotid, renal, and coronary simulation 
modules with metrics-based assessment. To date no 
signi fi cant transfer of training study has been carried out 
with this simulator. There has, however, been evidence for 
construct validity for cardiac lead placement, which differen-

tiated procedural ef fi ciency (less time in procedure and in 
 fl uoroscopy and better tissue visualization by X-ray) among 
three cohorts according to their experience level  [  22  ]  
(Fig.  39.2 ).  

 The latest endovascular simulator that has shown transfer 
of training is the ImaGINe-Seldinger, developed by the 
Craive Collaboration in the United Kingdom  [  23  ] . This high-
 fi delity VR simulator consists of two workstations that simu-
late, separately, the needle insertion and guidewire/catheter 
exchange steps of the Seldinger technique, together allowing 
practice of all the steps of this task. ImaGINe-Seldinger 
incorporates 23 critical procedure steps based on an exhaus-
tive task analyses that allows for more thorough performance 
assessment and feedback. The multicenter validation study 
showed that the simulator exhibited face and construct 
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 validity, as well as transfer of training; a simulator-trained 
cohort received signi fi cantly higher mean performance rat-
ings than a control group on subsequent patient procedures 
 [  23  ] . This collaboration has gone on to develop the 
ImaGINe-S simulator for liver biopsy and nephrostomy pro-

cedures, showing construct validity with more experienced 
participants consistently receiving better performance scores 
on all 19 of the simulator model’s performance metrics  [  8  ] . 
In Fig.  39.3 , we present a screenshot from the Simbionix per-
cutaneous nephrostomy simulator (Perc Mentor).   

  Fig. 39.3    Simbionix Perc 
Mentor screen shot 
(Photo used courtesy 
of Simbionix)       

Fig. 39.2 (continued)

c
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   Conclusion 

 The current trend in interventional radiology is to move away 
from the traditional models of learning and towards a more 
objective/structured approach to performance evaluation. 
The presence of face, content, and construct validity will 
normally indicate an effective training and assessment tool, 
but this cannot be automatically assumed. There is a need for 
objective, transfer of training studies to fully sanction the use 
of a simulation as a training and assessment tool. As has 
been discussed, there is now evidence to support informed 
adoption of simulation-based skills training into a range of 
medical specialities  [  24  ] . In interventional radiology, evi-
dence is now accumulating for simulations to commence use 
within the IR curriculum (see Table  39.1 ). As a result, it can 
be seen that medical simulation is here to stay, being best 
employed to prepare learners for real patient contact.       
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   Table 39.1    Recommendations for adopting simulation into IR 
curriculum   

 1. De fi ne target curriculum. 
 2.  Subject matter experts identi fi ed by credentialing organization in 

that curriculum. 
 3.  SMEs identify simulation appropriate curriculum training 

objectives and content and Critical Performance Steps (CPS). 
 4.  Identify relevant existing simulations that could meet the 

requirements of content and CPS: 
   (i) Content must be correctly replicated with appropriate  fi delity 
   (ii)  Metrics must re fl ect and be speci fi c for CPS for construct 

validity 
 5.  Require simulator model manufacturers to provide a though 

speci fi cation, including detailed system architecture, intended 
target curriculum, how and by whom content and metrics were 
identi fi ed and developed, outcomes of any validation studies. 

 6.  Assess candidate simulations, their speci fi cations, and any prior 
validation studies. 

 7.  Implementation. Where a minimum of content and face validity is 
present, a simulation can be considered for curriculum training. 
For assessments, construct validity must be present. 

 8.  Infrastructure including funding bodies present, rationalize cost, 
accommodation, monitor training outcomes, and validate in 
curriculum. 

 9.  Collaborate with local and national simulation networks and 
organizations, e.g., SIR simulation task force, Philadelphia 
simulation center, Crossroads Institute. 
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   Introduction 

 Simulation is now ubiquitous in medical education. Throughout 
the continuum of learning, opportunities have arisen for fur-
ther integration of this teaching technique, and educators have, 
for the most part, embraced this evolution fully. While the 
clinical portion of medical education lends itself well to the 
use of simulation, the basic science years are also an area 
where simulation may address many educational challenges 
and demands. In this chapter, we will discuss some of the key 
tenets of medical education from which simulation has 
emerged. We will Presents some potential uses for Simulation, 
in the preclinical years. Finaly we will also take a brief diver-
sion and dicuss some of the challenges with a speci fi c focus 
on hemodynamic modeling for physiology instruction.  

   A History of Changes in Medical Education 

 Since the in fl uential Flexner Report in 1910, the standard 
framework for American medical education has been two 
preclinical years of basic science education, followed by 2 
years of clinical, apprentice-based teaching in a hospital 
 setting  [  1  ] . Flexner realized that after a comprehensive study 
of basic science, future physicians would need to learn how 
to apply that knowledge to care for patients. To address this, 

he advocated for additional clinical years in which students 
would train underskilled clinicians, integrating basic science 
knowledge with the realities of patient care. He believed that 
the best teachers would be physician-scientists skilled in 
investigation, research, and patient care and that students 
would bene fi t from having the same teachers throughout 
their medical education. By World War I, all medical schools 
had adopted his recommendations  [  2  ] , and the basic frame-
work for medical education that Flexner promoted has 
remained more or less intact to the present. 

 Since Flexner’s time, however, the medical education 
landscape has changed dramatically. Recent advances in 
learning theory have posited that adults learn best when 
facts and concepts are presented in the appropriate context 
 [  3  ] , yet students continue to have most of their preclinical 
education presented in large lecture hall formats. As science 
itself becomes ever more speci fi c, there are fewer clinician-
scientists who can devote equal attention to both their bench 
work and clinical work, as research is no longer primarily 
based on the direct observation of patients, but rather on 
molecular mechanisms and models  [  4  ] . This results in medi-
cal students spending their preclinical years learning basic 
science from full-time scientists, to be later instructed by 
junior and senior clinicians during their clinical clerkships. 
Unfortunately, these same clinicians often have time con-
straints preventing them from optimally teaching basic sci-
ence during the clerkships  [  5  ] . Simultaneously, major 
changes to healthcare and science  fi nancing have evolved, 
such that medical schools and teaching hospitals derive 
signi fi cant funding from governmental sources. This puts a 
substantial burden on scientists to publish, and for clinicians 
to see patients, which also constrains their educational 
efforts  [  4  ] . Medical residents, another prime source of teach-
ing to medical students, increasingly are being subject to 
work-hour restrictions, further limiting the available time 
for teaching students on clerkships. Finally, due to pressures 
from managed care organizations, patients are frequently 
discharged once they achieve clinical stability, which limits 
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students’ time to see cases from start to  fi nish  [  6  ]  and 
decreases the variety of the cases seen  [  7  ] . Thus, medical 
students may not be exposed to optimal levels of basic sci-
ence and clinical integration during their clerkships. 
Simulation, starting in the preclinical years, is a rational 
way to have students overcome these potential de fi cits.  

   Changes in the Medical Education Landscape 
Since Flexner’s Report 

 As the medical landscape has changed—increased spe-
cialization, an explosion in mechanistic knowledge and 
available treatments, changes in payment models, and the 
prominence of other members of the medical team—so too 
have the requirements of the physician. In contrast to the 
long-standing paradigm of a solo generalist physician treat-
ing every problem, in today’s medical practice, no one phy-
sician is able to master the enormous complexity of medical 
knowledge and treatments, and so patients now see a multi-
tude of specialists. The healthcare team has expanded from 
a physician and nurse, to include dietitians, social workers, 
case managers, nurse practitioners, physician assistants, and 
medical specialists from various areas. It is no surprise then 
that team training is increasingly being recognized as a key 
feature to prevent medical errors  [  7  ]  and to ensure optimal 
care for the patient  [  8  ]  (Fig.  40.1 ).  

 To help address this, medical education has naturally 
evolved over the past 40 years— fi rst, with the focus on 
small group, case-based learning and second, with the intro-
duction to clinical medicine occurring earlier in the stu-
dents’ education. Beginning in 1969 at McMaster University 
in Ontario  [  9  ] , case-based learning and small group formats 
began to permeate modern medical schools. By 2003, 70% 
of all US medical schools reported using problem-based 
learning (PBL) in the preclinical years  [  10  ] . Problem-based 
learning was designed to integrate basic and clinical sci-
ences and represented a fundamental shift from lecture-
based learning. The hallmark of PBL is small student-led 
teams, working together and applying basic science princi-
ples to help solve a clinically based case. Problem-based 
learning is thought to improve retention by focusing stu-
dents on larger scienti fi c principles, fostering independent 

learning, expanding teaching methodology, and allowing 
learning to occur in a more realistic setting  [  11  ] . Additionally, 
problem-based learning teaches students skills critical to 
working as a team; in order for students to best manage the 
case, they must communicate well, work together, and teach 
and learn from one another  [  12  ] . It has been suggested that 
prior to the emphasis of case-based learning, mastery of 
basic science was presented as an end unto itself, instead of 
emphasizing its importance and application to the practice 
of clinical medicine. In case-based learning, students under-
stand why basic science instruction is relevant for their 
future as physicians  [  9  ] ; however, despite its bene fi t, schools 
primarily used PBL to complement formal, more traditional 
teaching, with only 6% of programs in 2003 using PBL for 
more than half of their instruction  [  10  ] . 

 Schools also began to experiment by introducing clini-
cal experiences upon entry into medical school, rather than 
waiting until the later clinical years. In the 1990s, medical 
history and physical exam skills were still taught in a 
classroom—a setting devoid of patient encounters. Schools 
experimented with making these tasks more realistic by 
allowing students to practice their history and physical 
exam skills on real or standardized patients. Students were 
given opportunities to use these skills early in their medi-
cal education and to integrate them with other courses; 
surveys revealed that students responded favorably to those 
changes  [  13  ] .  

   Flexner Revisited 

 Acknowledging both the changes in medical education, the 
shifting culture of the physician, as well as the changes in 
healthcare and science, multiple groups revisited the Flexner 
Report at its centenary and used that opportunity to issue 
new guidelines for medical education  [  2,   5  ] . The International 
Association of Medical Science Educators (IAMSE) sur-
veyed leaders in medical education, including the national 
organizations of multiple basic science specialties. The con-
sensus of the various groups was that basic science studies 
should be early and throughout the 4 years of medical school 
to improve knowledge retention. They advocated for 
increased integration of the basic and clinical sciences, with 

Changes in Physician Culture between the 1910 Flexner Report and 2010

The 20th century physician

• Accumulate knowledge
• Individual scholarly work
• Autonomous
• Cooperative
• Individual achievement
• Solo experts (physician-centered)

The 21st century physician

• Acquire and use knowledge
• Interdisciplinary research teams
• Collaborative
• Share accountability
• Interdisciplinary teams
• Coordination of care (patient-centered)

  Fig. 40.1    Changes    in physician culture 
(Reprinted from Morrison et al.  [  12  ] , 
with permission from Wiley)       
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an emphasis on feedback and mastery of knowledge, rather 
than having basic sciences front loaded into the medical 
school curriculum. In one suggested approach, which they 
termed “ICE” (Ideas, Connections, and Extensions), students 
are  fi rst introduced to an  idea , they then  connect  that idea 
with other teachings to place it within a contextual frame-
work, and  fi nally they  extend  the teaching by applying it to 
real-life examples. One of the suggested methods to improve 
the basic science and clinical integration is via the use of 
simulators  [  5  ] . 

 The Carnegie Foundation, who commissioned the origi-
nal Flexner Report, also chose to review the state of medical 
education at the 100-year anniversary of Flexner’s seminal 
work. Central themes in the commission’s recommendations 
were the need to make the learning process more learner cen-
tric, the “integration of formal knowledge and clinical expe-
rience, and the development of habits of inquiry and 
improvement”  [  2  ]  (Fig.  40.2 ). Many of their recommenda-
tions, including connecting formal teaching to clinical expe-
riences, providing challenging problems and giving students 
the ability to participate in authentic care, and incorporating 
teamwork into the curriculum, are well suited to simulation. 
Simulation lends itself to integration of basic science and 
clinical work and promotes both teamwork and scienti fi c 
inquiry by engaging learners in challenging problems and 
giving them tools with which to participate.   

   Simulation Is Widely Practiced in Medical 
Schools 

 Medical simulation is most often associated with clinical 
education; indeed, the earliest examples of medical simula-
tion involved obstetric mannequins, and mannequins 
designed to teach airway and resuscitation, which have 
existed since the 1950s  [  14,   15  ] . In the intervening years, the 
 fi eld of simulation has seen vast improvements in the  fi delity 
and accuracy of these models, and its use has become wide-
spread in medical education. A 2010 survey of 90 medical 
schools by the AAMC showed that 84 and 91% of respon-
dents used simulation in the 1st year and 2nd year courses, 
respectively. Per the survey, the most common courses in 
which simulation was employed were Clinical Skills, 
Introduction to Clinical Medicine, and Physical Diagnosis, 
suggesting that while simulation use is widespread in the 
preclinical years, it is still predominantly being used to 
enhance clinical medicine experiences rather than for basic 
science education (Fig.  40.3 ). Less than half of the schools 
surveyed used simulation in nonclinical subjects such as 
anatomy, pharmacology, and physiology  [  6  ] .  

 To some degree, simulation in preclinical education is not 
a new concept. Anatomy courses, in which students dissect 
cadavers to learn the relationships between physical 

 structures, have been a part of medical education for centu-
ries. Physiology and pharmacology courses have long 
employed animal labs to simulate the physiologic responses 
to pharmacologic and physiologic intervention. These ani-
mal labs are particularly useful for augmenting lecture mate-
rial by demonstrating core physiologic concepts, such as 
cardiac and pulmonary function, and the physiologic 
responses to perturbations to homeostasis. Students must 
generate hypotheses, manipulate variables, and observe and 
record their effects; the labs allow participants to integrate 
core concepts and appreciate the interrelatedness and unpre-
dictability of live bodies  [  16  ] . Animal labs are not without 
their limitations—they are expensive and time-consuming, 
employ an animal surrogate to teach about the human body, 
and are fraught with ethical considerations. They present a 
large amount of data quickly, requiring students to focus on 
numerous variables simultaneously  [  16  ] . Should students 
miss a critical feature of the experiment, it is dif fi cult to go 
back and redo that portion. There are a  fi nite number of inter-
ventions (such as drugs) that can be performed per session—
and if a mistake is made, the organ cannot be “reset.” There 
are limitations on the measurements, which can be performed 
on an organ—especially within the economic constraints of 
the student laboratory. Due to changing cultural attitudes 
towards vivisection, some students have dif fi culty focusing 
on the goals of the experiment  [  16  ] , whereas others have 
found that a large majority of students exposed to a dog labo-
ratory found it to reinforce lecture material, despite approxi-
mately 20% of students reporting discomfort in using dogs to 
demonstrate pharmacologic concepts  [  17  ] . As technologic 
capabilities have expanded, high  fi delity and computer simu-
lators seemed ideal replacements for these animal labs.  

   Simulation in Preclinical Years 

 Simulation for clinical education, both in clerkship training, 
residency, and postresidency, has been extensively studied, 
with the earliest published report from 1969  [  18  ] . A recent 
meta-analysis, spanning 20 years of data, showed that simu-
lation-based medical education with clinical practice was 
superior to traditional medical education for acquisition of 
skills that ranged from laparoscopy and central venous cath-
eter insertion to advanced ACLS and cardiac auscultation 
 [  19  ] . As the equipment and expertise have become more 
widespread among medical school and training programs 
and faculty have become adept at their use, it is no surprise 
that they have moved into the preclinical years. 

 Problematically, research on simulation in the preclinical 
years is sparse and typically consists of reports from one 
center. A 2007 conference on Educational Research rated 
simulation the highest priority for educational research (out 
of 11 possible options)  [  20  ] . One key item discussed by 
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Theme

Standardization and
individualization

Integration

Habits of injury and
improvement

Identity formation

Challenges

The Carnegie Report of 2010

Recommendations

Medical education is:•

Inflexible

Overly long

Not learner-centered•

•

•

•

Create collaborative learning environments
committed to excellence and continuous
improvement

•

Erosion of professional values because of pace and
commercial nature of health care

• Promote relationships with faculty who
simultaneously support learners and hold them to
high standards

•

Standardize learning outcomes through assessment
of competencies

•

Not outcomes based Individualize learning process, allow opportunity to
progress within and across levels when
competencies are achieved

•

Offer elective programs to support the
development of skills for inquiry and improvement

•

Poor connections between formal knowledge and
experiential learning

• Connect formal knowledge to clinical experience,
including early clinical immersion and adequate
opportunities for more advanced learners to reflect
and study

•

Fragmented understanding of patient experience• Integrate basic, clinical, and social sciences•

Poorly understood nonclinical and civic roles of physicians• Engage learners at all levels with a more
comprehensive perspective on patients’ experience
of illness and care, including more longitudinal
connections with patients

•

Inadequate attention to the skills required for effective
team care in a complex health care system

• Provide opportunities for learners to experience the
broader professional roles of physicians

•

Incorporate interprofessional education and
teamwork in the curriculum

•

Focused on mastering today’s skills and knowledge
without also promoting knowledge-building and an
enduring commitment to excellence

• Prepare learners to attain both routine and
adaptive forms of expertise

•

Limited and often pro forma engagement in scientific
inquiry and improvement exercises

• Engage learners in challenging problems and allow
them to participate authentically in inquiry,
innovation, and improvement of care

•

Inadequate attention to patient populations, health
promotion, and practice-based learning and improvement

• Engage learners in initiatives focused on population
health, quality improvement, and patient safety

•

Insufficient opportunity to participate in the management
and improvement of the health care systems within which
they learn and work

• Locate clinical education in settings where quality
patient care is delivered, not just in university
teaching hospitals

•

Lack of clarity and focus on professional values• Provide formal ethics instruction, storytelling, and
symbols (honor codes, pledges, and white coat
ceremonies)

•

Failure to assess, acknowledge, and advance 
professional behaviors

• Address the underlying messages expressed in the
hidden curriculum and strive to align the espoused
and enacted values of the clinical environment

•

Inadequate expectations for progressively higher levels
 of professional commitments

• Offer feedback, reflective opportunities, and
assessment on professionalism, in the context of
longitudinal mentoring and advising

•

  Fig. 40.2    The Carnegie Report of 2010 (Reprinted from Irby et al.  [  2  ] , with permission from Wolters Kluwer)       

 



56140 Simulation in Basic Science Education

researchers is the need for simulation use to be integrated 
throughout the medical school curriculum, so that students 
are able to develop expertise over time  [  21  ]  and bene fi t from 
repetitive practice  [  7  ] . While these statements refer to task-
based simulation, it can be inferred that by introducing simu-
lation earlier, students can develop more general simulation 
skills: teamwork, facility with mannequins and computers, 
and familiarity with terms and devices. Students’ re fl ections 
on their  fi rst encounters with patients reveal them to be anx-
ious and insecure—fearful of all there is to remember, a 
belief that they have insuf fi cient knowledge and skills and 
guilt over using patients for “practice”  [  22  ] . Using simulated 
patient encounters, even if their primary role is to cement and 
supplement basic science concepts, may relieve some of that 

anxiety. A major challenge to integrating simulation more 
fully into the preclinical years is well-designed, well- 
validated simulators and simulations that educators will 
accept as a suitable replacement or function to enhance exist-
ing practices and educational activities.  

   Using Computer Simulation 
to Teach Basic Science 

 There are some bene fi ts of using computer models to teach 
basic science:
    1.     Original experiments can be recreated more easily —

Classic experiments, such as the original experimental 
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  Fig. 40.3    Use of simulation in medical education. From AAMC Survey, September 2011 (©2011 Association of American Medical Colleges. All 
rights reserved. Reproduced with permission)       
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work by Starling  [  23  ] , are relatively easy to construct and 
provide the opportunity for students to follow the same 
path of discovery.  

    2.     Some measurements or interventions are easier to demon-
strate with simulation than in vivo —Pulmonary venous 
pressure or ventricular volume is technically very dif fi cult 
to determine due to the constraints of measurement within 
a living organism. Measuring cell membrane voltages is 
dif fi cult due to the sensitivity of equipment to ambient 
noise and is realistically impossible during a busy lab 
class. These phenomena are relatively easy to demon-
strate with simulation as no environmental noise is pres-
ent in the simulated screen-based environment.  

    3.     More interventions can be performed within a given 
time —The rapidity which a simulation model can be 
loaded and “prepared” allows multiple experiments on a 
theme within a given learning session. This is especially 
true for more complex interventions. A single experiment 
can be performed several times with each sequence mea-
suring different variables in quick succession.  

    4.     A simulation can be reset —Animal organs have a limited 
lifespan  ex vivo , and any experimental error is likely to 
necessitate a fresh preparation. The ease with which a 
computer simulation can be restarted gives the educator 
more  fl exibility to allow students to commit mistakes and 
take the results to their conclusion.  

    5.     Virtual organs can be studied in situ —Studying the heart 
or lungs as isolated organs belies the fact that their func-
tion depends on their environment (in these examples, the 
vascular system). Giving epinephrine to an isolated heart 
would increase the heart rate and force of contraction. 
However, giving epinephrine to a heart  in situ  would also 
increase the afterload (which in turn affects the heart 
work, coronary perfusion, and cardiac output) and has an 
effect of contracting plasma volume and thereby increas-
ing the preload as well.  

    6.     Entirely virtual systems can be low cost —Although 
designing the computer program can be expensive, the 
marginal cost is thereafter very small as the program can 
be shared globally. This is in contrast to vivisection, with 
high marginal and running costs which can be shared via 
teleconference only partially if at all.      

   Best Practices in Preclinical Simulation 

 Whereas simulation in clinical years, especially simulation 
related to acquisition of procedural skills, has been studied 
extensively, simulation in preclinical education has not. 
Most published data has been on individual schools’ expe-
rience with simulation and/or small, single-center pilot 
studies, and the published literature includes data on com-
puter- and mannequin-based simulation. However, there 

have been similar themes that run across these accounts 
and provide a useful framework for discussion of simula-
tion in basic science education. 

   Complement of Lecture-Based Material 

 In all reports, the simulator is used to enhance, rather than 
teach, the primary material. The simulated cases should be 
designed to enhance course objectives and goals  [  24  ] . 
Typically, simulators require the consolidation of knowledge 
gained from the lecture hall, independent study, and real-life 
experiences of the students, who have had limited experience 
with clinical medicine. Because the goal is not to treat and 
cure the patient, but to explore and expand upon basic sci-
ence foundations, students should be encouraged to suggest 
and use drugs/interventions that may not exist or be optimal 
treatment but are physiologically and/or pharmacologically 
plausible  [  24  ] . For example, if the simulated patient was 
exhibiting bradycardia, students could elect to give atro-
pine (a medication that opposes vagal action), epinephrine 
(a beta-agonist), or say “we should give a drug that would 
oppose the vagus nerve.” Simulation is also best served when 
it is integrated carefully into the curriculum, allowing stu-
dents to contextualize the scienti fi c material which they have 
been presented  [  25  ] . Much like simulation cannot replace 
clinical experience, simulation should not replace traditional 
basic science education. It requires thoughtful placement 
into the curriculum, serving to enhance and exemplify teach-
ing, but not be the primary learning modality, and is optimal 
when it is a mandatory, not optional, activity  [  7  ] .  

   Expert Instructor, De fi ned Group Size, 
and De fi ned Timeline 

 Most reports indicate that simulation groups function best 
with 1–2 expert instructors, who can both provide accurate 
and physiologically sound responses to student intervention 
and have expertise in the working of the software  [  24,   25  ] . 
Having experts assist with simulation also allows prompt 
recognition, and correction, of any inaccuracies within the 
simulator and ensures that students do not leave the simula-
tion session with misconceptions about the normal physio-
logic and/or pharmacologic responses  [  25  ] . The cases should 
be managed exclusively by the students, with instructor 
observing closely and interjecting only to guide (but not res-
cue) the students should they become stuck or suggest an 
inappropriate intervention  [  24  ] . Groups should be small 
enough so that all students can participate and be engaged 
and large enough to obligate students to work as a team. 
Team training is increasingly recognized as a critical skill in 
caring of patients, as medical students will eventually be 
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required to work with other physicians, nurses, social 
 workers, and other allied health professionals  [  7,   12  ] , and by 
introducing team training early into the medical school cur-
riculum, students will develop tools for successful teamwork. 
Additionally, research has shown that when students are 
required to teach each other, and use data to solve problems, 
they learn more than when they are listening to lecture or are 
reviewing notes  [  12  ]  and that students working in collabora-
tive settings demonstrate more enthusiasm for collaborative 
approaches compared to students working in lecture-based 
settings  [  13  ] . However, care should be taken to avoid a too 
large a group, because when groups become too large, stu-
dents are not able to participate as well and may not be able 
to observe relevant changes  [  26  ] . We generally limit our 
mannequin-based simulation groups to ten or less.  

   Deliberate Practice and Individualized Learning 

 The educational literature increasingly recognizes that for 
optimal performance to occur, certain criteria of deliberate 
practice must be met, including repetitive performance of the 
skill (including cognitive skills) and skills assessment with 
speci fi c feedback  [  7  ] . Deliberate practice has been validated 
in clinical skills such as bedside cardiology, advanced car-
diac life support, surgical skills, and invasive procedures 
 [  19  ] . Data on the use of deliberate practice in learning and 
integrating basic science knowledge are lacking, but studies 
have shown that students perform better on examinations 
when the test items are designed as clinical vignettes, sug-
gesting that retention is improved when students are required 
to use basic science in a clinical context rather than as iso-
lated facts  [  5  ] . Active participation by learners allows them 
to focus on the core concepts that they need to master and 
proceed at a pace that best suits them  [  7  ] . To further promote 
individualized learning, some centers have implemented 
“simulator on demand” sessions that allow students to reserve 
time with the simulator and trained facilitators and explore 
topics which they have found dif fi cult  [  25  ] .  

   Debrie fi ng 

 High-quality simulation requires scheduled and thorough 
debrie fi ng by a clinician or other expert teacher  [  15  ] . In a 
2005 systematic review of best practices in medical educa-
tion simulation, almost half of the papers reviewed listed 
feedback as the most critical feature of simulation  [  7  ] . The 
teacher’s role is to integrate the features of the case with the 
objectives of the course, assist the students in re fl ecting on 
their experience in caring for their “patient”  [  24  ] , and com-
pare and contrast the methods of treatment employed by the 
students. The facilitator also guides preclinical students 

in the subtleties of the language and syntax of patient 
 care—discussing the chief complaint of the patient, the ways 
in which students form and test hypotheses, and conclusions 
they draw from the signs and symptoms the patient demon-
strates. In this way, the students are better prepared with an 
organizational foundation for their clinical years  [  24  ] . 
 Feedback is essential to medical simulation and one of the 
most challenging for preceptors to master. A study compar-
ing oral, videotape assisted, and no debrie fi ng found that oral 
and videotape-assisted feedback were equally successful in 
improving nontechnical skills (teamwork, task management, 
situation awareness, and decision making) but that partici-
pants who had not received feedback had no improvement on 
a posttest  [  27  ] . Successful feedback can be videotaped, oral, 
or built into the simulator  [  7  ] , but should include 12 evi-
dence-based best practices, which have been adapted by 
McGaghie to simulation feedback (Table  40.1 ).  

 The dif fi culty in providing feedback that meets best prac-
tices is that it is labor, resource, and time intensive. Facilitators 
need to be trained in administering simulation and providing 
feedback; because simulation is often done in small group 
settings, multiple facilitators are required.   

   Students Appreciate and Value 
Their Simulation Experiences 

 Overall, students rate simulation experiences very highly, 
believing them worthwhile and recommended for future 
courses and other students (Table  40.2 ).  

 Numerous studies, across multiple centers and  fi elds of 
study, show students believe that simulators enhance and 

   Table 40.1    Evidence-based best practices in simulation feedback   

 Debriefs must be diagnostic 
 Ensure that the facilitators create a supportive learning environment 
for debriefs 
 Encourage team leaders and team members to be attentive of 
teamwork processes during performance episodes 
 Educate team leaders on the art and science of leading team debriefs 
 Ensure that team members feel comfortable during debriefs 
 Focus on a few critical performance issues during the debrie fi ng 
process 
 Describe speci fi c teamwork interactions and processes that were 
involved in the team’s performance 
 Support feedback with objective indicators of performance 
 Provide outcome feedback later and less frequently than process 
feedback 
 Provide both individual- and team-oriented feedback, but know 
when each is most appropriate 
 Shorten the delay between task performance and feedback as much 
as possible 
 Record conclusions made and goals set during the debrief to 
facilitate feedback during future debriefs 

  Data from McGaghie et al.  [  21  ] , with permission from Wiley  
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improve their knowledge of physiology  [  6  ]  and allow them 
to more easily grasp concepts  [  26  ]  and see realistic changes 
 [  26  ] . Students and teachers who have used computer model-
ing to simulate renal and cardiovascular physiology have 
reported improved integration and understanding of physio-
logic processes and assisted in conceptualizing “whole-body 
homeostasis” when combined with traditional lecture-based 
learning  [  28  ] . When computer simulation has been applied 
to neurophysiology to demonstrate membrane potentials, a 
large majority of students believed that the program increased 
their understanding  [  29  ] . While such self-ef fi cacy data repre-
sent “soft” outcomes on the surface, having students believe 
in their own education is a major challenge to educators in 
many  fi elds. Almost universally, simulation improves stu-
dent con fi dence in themselves and in the instruction they 
received. That alone can be a victory for educators.  

   Simulators’ Impact on Learning Is Less Clear 

 While numerous studies have indicated students  believe  
that simulation improves their understanding of scienti fi c 
concepts, the data on their effectiveness as a learning 
tool is mixed when compared to traditional learning for-
mats  [  18,   26,   29–  32  ] . Some researchers have found 
improvements in immediate and long-term testing  [  30, 
  33  ] , and others have found that students who were 
exposed to simulation were better at making measure-
ments, but scored equally in their understanding of neu-
rophysiologic events  [  31  ] . Students exposed to a 
large-group autonomic nervous system simulation were 
able to recall data presented during the simulator, but 
were not able to apply that data to a different clinical 
scenario  [  29  ] . In other reports, after exposure to a simu-
lator, students and teachers felt that the students could 
be overwhelmed by the large amount of data received 
and had dif fi culty in determining the relevant data  [  28  ]  
and that changes occurred too quickly for students to 
appreciate the key points to be learned  [  26  ] . Other data, 

from non-simulation literature, have shown that when 
students are given a basic science mechanistic explana-
tion of diseases, students’ retention of the disease’s clin-
ical features is improved  [  34  ] . Cook, in a comprehensive 
review and meta-analysis from 2011, found that simula-
tion was associated with large gains in knowledge out-
comes compared to pre-intervention or no-intervention 
controls, but noted that there was large variation among 
studies and some studies that reported negative  fi ndings 
 [  32  ] . Overall, there is a clear need for more research into 
the effectiveness in simulation on learning basic science 
concepts, especially given its costs.  

   Limitations of Simulation 

   Cost 

 Compared to a lecture format—in which one needs an 
auditorium with basic audiovisual equipment—running 
simulators can be extremely expensive. Schools must 
meet the capital cost of purchasing simulation equipment 
and budget for the recurrent cost of repairs, support, and 
upgrades. Medical schools on average dedicate 33 rooms 
for simulation, with an average 6,400 square feet, 
although those numbers include space dedicated for stan-
dardized patient exams. In 2009, the annual operating 
budgets for simulation centers was not consistent, but 
about half of the schools had an annual budget of less 
than $500,000  [  6  ]  (Fig.  40.4 ). The majority of the fund-
ing for medical school simulation-related expenses comes 
directly from the medical school  [  6  ] .  

 However, as simulation becomes more prevalent in resi-
dency and clinical programs, it is possible for the preclinical 
students to borrow the simulators and faculty that exist for 
other purposes. For simulation which is entirely virtual, there 
is the potential to save money as computer software has a 
low marginal cost and requires no excessive space to be 
housed, and as technology advances, the cost of simulators 

   Table 40.2    Student rating of 
simulation experiences   

 Study author and date 

 Was simulation experience:  Recommend for future years/
other courses (% who agreed)  Worthwhile? 

  
  

 Zvara, 2001  [  29  ]   95%—worthwhile  92% 
 85%—contributed to 
understanding 

 Samsel, 1994  [  17  ]   4.78 out of 5  4.89 out of 5 
 5 = very useful  5 = highly recommended 

 Tan, 2002  [  27  ]   94.5%  96% 
 Rodriguez-Barbaro, 2008  [  30  ]   81%  NA 
 Gordon, 2006  [  31  ]   90%  90% 
 Heitz, 2009  [  32  ]   97%  NA 
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has also fallen  [  6  ] . Some have suggested adapting existing 
teaching cases to the simulator, obviating the need to develop 
entirely original cases for simulator use  [  35  ] .  

   Trained Personnel 

 Personnel must be trained in equipment use and trouble-
shooting, with the median number of dedicated, full-time 
equivalent personnel reported by respondents in 2010 to be 5 
(including administrators, curriculum authors, technicians, 
facilitators, and directors)  [  6  ] . As mentioned above, for 
immersive model-driven simulation, facilitators/educators 
must have a sound knowledge of physiology. Representative 
teaching cases must be written and programmed thought-
fully, with input from the simulation staff and the course 
directors of the subjects being integrated. These new time 
demands are occurring simultaneously with rising clinical 
and research productivity demands, which can limit the 
available time for teaching  [  2  ] . Finding adequate numbers of 
faculty required to run simulations and debrief afterwards 
can be challenging. Some data have suggested that residents 
can be trained as experts  [  36  ]  (see Chapter 41, The Clinical 
Educator Track for Medical Students and Residents, which 
discusses a successful strategy used in the Department of 
Anesthesiology at Icahn School of Medicine at Mount Sinai) 
or that students can learn in larger group formats or via tele-
conference  [  29,   36  ] , although these scenarios may not be 
ideal for all educational scenarios. 

 Clinicians have billing requirements, and scientists are 
pushed to write and obtain grants; incentives need to be 
given when pulling them away from traditional “money-
making” activities. Medical education funding has been a 
noted challenge. One strategy that has been promoted by 

the University of Washington is to formalize agreements 
between departmental chairs and the simulation center, in 
which departmental chairs fund and ensure protected time 
for interested faculty’s efforts in the simulation center, in 
exchange for access to the simulation center and the estab-
lishment of a dedicated faculty member to teach that depart-
ment’s trainees. They also advocate teaching portfolios to 
be used when considering academic promotion and have 
found that these strategies have resulted in 95% retention of 
their faculty pool  [  37  ] .  

   Limited Time 

 Because medical schools have a limited amount of time in 
which to teach students, any expansions of the curriculum 
inevitably result in decreases in time for other components. 
Medical school curricula have undergone numerous 
modi fi cations over the years, in response to biomedical dis-
coveries, new technologies, and curricular mandates by gov-
erning bodies  [  5  ] , yet still remain a 4-year endeavor. Research 
is still needed to determine the optimal way to structure the 
preclinical education, in order to make it as ef fi cacious and 
ef fi cient as possible.  

   Logistical Challenges 

 In order to keep groups small, schools must either have 
numerous simulators running simultaneously (which can be 
cost, space and faculty prohibitive) or sequentially, which 
can be time prohibitive. Frequently, other groups—clerkship 
students, residents in many departments, other allied health 
personnel, and continuing education courses—also require 
use of the simulator. In order to run smoothly, dedicated 
schedulers and support personnel are crucial  [  25  ] .   

   Practical Implementation: Icahn School of 
Medicine at Mount Sinai 

 The simulation team from the Department of Anesthesiology 
at the Mount Sinai Medical Center has been conducting sim-
ulator-based physiology labs for Icahn School of Medicine at 
Mount Sinai (MSSM) since 1996. The current course covers 
the cardiovascular, respiratory, and autonomic nervous sys-
tems over 3 weeks and has been mostly unchanged since 
1999. Prior to this time, truncated simulations were 
performed. 

 The simulation-based physiology lab series is an integral 
mandatory component of the  fi rst-year physiology course at the 
MSSM. Students participate in three different 2-h simulation-
based laboratories taught by a team of 2–3 anesthesiologists 
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  Fig. 40.4    Operating budgets for simulation centers. From AAMC 
Survey of Simulation in Medical Schools, September 2011 (©2011 
Association of American Medical Colleges. All rights reserved. 
Reproduced with permission)       
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(residents and attendings) in groups of 7–10 students per ses-
sion. The  fi rst lab covers cardiovascular physiology, the second 
covers respiratory physiology, and the  fi nal session is a trauma 
scenario/autonomic nervous system lesson. During these funda-
mental laboratories, the simulator serves as a means to demon-
strate normal and deranged physiology. In the  fi nal session, 
students apply principles of basic cardiovascular and pulmonary 
physiology to idealize oxygen tissue delivery in order to suc-
cessfully resuscitate a simulated hypotensive trauma patient. 

 Full environment simulation (FES) is staged for each ses-
sion using a CAE/METI Human Patient Simulator. The HPS 
has full drug recognition capabilities, and monitoring data are 
displayed on a large 50-in. plasma cell with Smart Board over-
lay capability (SMART Technologies Inc.). The overlay affords 
the ability to operate any Windows-based (Microsoft 
Corporation) program from the plasma cell or write directly on 
the screen via a blackboard function. The facilitators rapidly 
change the display between physiologic data and blackboard in 
order to review key physiologic concepts as the scenarios 
unfold. The experience is Socratic, and the students are expected 
to apply physiologic concepts learned in the classroom in order 
to interpret clinically relevant patient care issues. Each scenario 
is stopped and started as needed to discuss the application of 
classroom knowledge to the clinical situation and to allow par-
ticipants time to develop diagnostic and therapeutic plans. 

 It is crucial that the lecture material precede simulation for 
these participants. Therefore, it is critical that the physiology 
course directors and the simulation course directors work 
closely together to organize and schedule both didactic and 
simulation curriculum in sequence. On one occasion, this was 
not the case, and much of the simulation session devolved into 
a didactic exercise so that the students could learn fundamental 
cardiovascular equations. This situation was less than ideal. 

   Integrated Cardiovascular Physiology Laboratory 

 The labs begin similarly. The students are asked not to take 
notes and to immerse themselves fully in the environment. 
The cardiovascular lab begins with the evaluation of an 
unconscious person in the  fi eld where a discussion is con-
ducted regarding the sort of cardiovascular information a cli-
nician can gather with one  fi nger (i.e., heart rate, rhythm, 
estimate of blood pressure). The patient is then moved to the 
emergency room where the students choose monitors to more 
closely evaluate the cardiovascular system, ultimately lead-
ing to a patient with a full invasive set of monitors including 
an ECG, a noninvasive blood pressure cuff, an arterial line, a 
pulmonary artery catheter, and a transesophageal echocardio-
gram. All the while, monitor placement, data  interpretation, 
indications, contraindications, risks, and bene fi ts are dis-
cussed for each monitor. Once the pulmonary artery catheter 
is  fl oated, several experiments are conducted, and the  students 

must  predict the impact of a change in heart rate on cardiac 
output and stroke volume. During the lab the students encoun-
ter various conditions resulting in a destabilized cardiovascu-
lar system requiring them to intervene with pharmacologic 
agents (atropine and lidocaine), cardioversion, and vagal 
maneuvers. The students appreciate how understanding car-
diac physiology guides their therapeutic intervention and 
helps them idealize cardiac function. In a separate session run 
simultaneously in another classroom remote from the simula-
tion laboratories, the students learn about transesophageal 
echocardiography with an emphasis on form and function to 
demonstrate the kinds of information one can gather from 
this modality.  

   Integrated Pulmonary Physiology Laboratory 

 The respiratory lab follows the path of a molecule of oxygen 
from the atmosphere into the bloodstream and onto a red blood 
cell. The patient is an asthmatic in acute bronchospasm, and he 
deteriorates during the scenario until he ultimately requires 
mechanical ventilation. Blood gases are drawn and their values 
discussed. Participants discuss salient equations and physio-
logic principles related to oxygenation and ventilation includ-
ing shunt, dead space, and the relevance of the alveolar gas 
equation and learn about the monitoring and therapeutic modal-
ities available for this system (e.g., pulse oximetry, capnogra-
phy, oxygen delivery systems, bronchodilators, ventilators).  

   Integrated Autonomic Nervous System 
Laboratory 

 The third lab introduces the students to a trauma patient who 
comes to the emergency room hypotensive and tachycardic 
after a motor vehicle accident. The students use what they 
learned from labs one and two to resuscitate the patient and 
monitor, evaluate, and idealize both the cardiovascular and 
pulmonary systems to improve oxygen delivery to tissues. 
The students also learn new clinical skills such as the pri-
mary and secondary survey in order to apply what they 
learned in the classroom and prior labs to care for a patient in 
shock of unknown origin. Despite  fl uid and blood transfu-
sion, the patient is persistently hypotensive, and the students 
are required to develop a differential diagnosis including 
hemorrhage, tension pneumothorax, cardiac tamponade, 
embolic disease, transfusion reaction, and anaphylaxis. 
These labs have been consistently rated among the highest 
exercises by the  fi rst year class and have been very rewarding 
for the anesthesiologists involved in the course. In a 
 manuscript currently in press, the team found that not only 
were the labs well received, but they actually improved stu-
dents’ perceptions towards anesthesiologists as these were 
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the course facilitators. In addition, students rated their 
 likelihood to choose anesthesiology as a career option as 
higher after attending the course  [  38  ] .   

   Conclusions 

 Simulation provides preclinical students the ability to inte-
grate basic science teachings in a clinically relevant way and 
allows students to experiment, question, and explore scienti fi c 
theories in a safe and focused manner. Simulation, if done 
carefully and thoughtfully, allows students to practice with-
out risk to the patient  [  4,   25,   33  ]  and may improve retention 
of basic science facts  [  26,   29,   30,   32,   33  ] . Research in pre-
clinical use of simulation is sparse, but general principles of 
effective and prompt feedback, thoughtful integration with 
the basic science curriculum, and individualized learning are 
associated with better outcomes. Simulation use is limited by 
its cost, need for trained personnel, the need for peer-reviewed 
models, and the realization that the models for simulation are 
constrained by our limited understanding of the physiologi-
cal processes that underpin them.       

   Appendix: Design Paradigms 
in Physiologic Model Construction 

   Introduction 

 Understanding the programming paradigms behind simulation 
physiologic modeling may prove bene fi cial to basic and clinical 
scientist considering creating simulation-based educational 
exercises or preparing simulation-based scenarios for their basic 
science curriculum. In this section we offer a unique insight into 
the development of physiologic modeling so educators can best 
understand the strengths and limitations of existing simulation 
as they apply this new technology to their curriculum.  

   “Static Data vs. Synthetic” 

 Broadly speaking there are two approaches to designing a 
physiological model, each of which introduces speci fi c con-
straints about how the model can then be used. A classi fi cation 
of simulators along these lines has been proposed by Cumin 
and Merry [1]. However, most commercial simulators are 
built using combinations of these two strategies and cannot 
be easily categorized. 

   “Static Data” Approach 
 In a “static data” paradigm, real physiological data is stored 
and directly displayed to the student without any attempt to 
recreate the underlying mechanism. Any interaction with the 
model directs the student to a different set of static data. An 

example would be an ECG, stored in the simulator as an 
image, or a set of coordinates. If the user then gave a high 
dose of potassium to the simulated patient, the simulator 
would be directed to show a second static ECG demonstrat-
ing the effects of hyperkalemia. This method allows the 
supervisor to easily control the simulation directly (and 
sometimes called “script control” [1]). 

 There are two signi fi cant advantages to modeling a physio-
logical system in this way. The  fi rst is that static data models are 
simpler (and therefore cheaper) to construct. The second is that 
because real experimental data is used directly, no assumptions 
about the static accuracy of the model need to be made. For 
applications where visual  fi delity is paramount, such as the cur-
rent echocardiography simulators (CAE ViMedix, Heartworks), 
static data models are easy to make visually convincing. 

 One direct consequence of using a static data set is that the 
model is then con fi ned to adjusting its output discretely, due 
to the instant transition from one data source to another. This 
is apparent in ECG simulators where the displayed waveform 
can abruptly change from one archetypal pattern to another. 

 Another consequence is that the interactivity of the model 
is limited by the size of the dataset. When a simulator can 
have more than one interaction, in combination this leads to 
a geometric increase in possible outputs and therefore data-
set size. In the example above, if the student has the option to 
give a lower dose of potassium to the simulator, a third ECG 
showing the effects of less-pronounced hyperkalemia would 
need to be displayed (and therefore, created and programmed 
into the simulator). If the simulator were equipped to have 
the student give another drug—such as calcium—then the 
total amount of ECGs in the databank would have to be dou-
bled (ECGs demonstrating normokalemia, mild hyper-
kalemia, and severe hyperkalemia, with and without 
hypercalcemia). This geometric increase in total output 
options serves as a limitation to interactivity and therefore 
the scope of “top-down” simulation (Table  40.3 ).   

   Table 40.3    Static data paradigm: If there are  fi ve states for potassium, 
calcium, and heart rate and each combination is valid, then a total of 5 
× 5 × 5 = 125 different ECG images will need to be created   

 Variable  Possible state 

 Potassium  Severe and mild hypokalemia 
 Severe and mild hyperkalemia 
 Normokalemia 

 Calcium  Severe and mild hypocalcemia 
 Severe and mild hypercalcemia 
 Normocalcemia 

 Heart rate  Very slow 
 Slow 
 Normal 
 Fast 
 Very fast 

  Reprinted from Holubarsch et al. [2], with permission from Wolters 
Kluwer  
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   “Synthetic” Approach 
 The “Synthetic” paradigm is more complex, but poten-
tially of higher  fi delity compared to the “static data” 
approach. In this method, the designer attempts to create a 
mathematical representation of the structure and function 
of human physiology. This is referred to by some as 
“model-driven simulation” [1]. It involves simpli fi cation 
and  abstraction  of the real physical system (which is often 
irresolvable complex). The more abstract the mathemati-
cal model, the less its structure represents the real physi-
ological process it intends to imitate. Taken to extremes, 
this produces a “black box” model, where the output is 
produced from the input with no mechanistic assumptions 
at all. Classical three-compartment pharmacokinetic mod-
els are an example of this. In order to recreate the above 
ECG example in a synthetic model, the programmer could 
attempt to create an electrical model of the heart which 
produces the ECG voltage. To do so, they could program 
multiple “myocytes” which depolarize and repolarize in 
response to physiologic stimuli (e.g., serum electrolyte 
levels, parasympathetic and sympathetic stimulation, and 
ischemia). In addition to the challenges of converting 
these electrical, physiological, hormonal, and other stim-
uli to programming language, these models require prior 
elucidation of the body’s underlying physiologic mecha-
nisms. It is this architectural complexity—rather than lack 
of computing power—which has slowed the adoption of 
“synthetic” modeling in simulation. 

 As a general rule, models with fewer interactions are eas-
ier to build in a “static data” pattern. However, as the number 
of desired interactions increases (especially in combination), 
it can become easier to attempt to create a synthetic model. 

 Synthetic models solve the discrete output and interactiv-
ity problems of static data models, allowing much more 
complex simulation scenarios. There is no absolute limit on 
the degree of model complexity save the dif fi culty in con-
structing the underlying model architecture, but their appli-
cability is affected by problems which fundamentally limit 
model construction.   

   Real Physiological and Pathological Processes 
Have Not Been Fully Elucidated 

 In aviation simulation, the mechanics that determine the air-
craft behavior are largely described and are underlined by 
physical laws expressed as mathematical equations. In con-
trast, most biological simulated conditions rely on a complex 
causal web of mechanisms with incompletely understood 
relationships. Real patients also exhibit phenotypic variation, 
which obscures these mechanisms and can in itself be chal-
lenging to simulate. This is explored further in the example 
below. 

   Modeling the Frank Starling Curve 
 We have a good understanding of the relationship between 
myocyte  fi ber length and force of contraction (FOC) for a 
myocyte, and we also have a wealth of experimental data to 
support the classical Frank-Starling relation of end-diastolic 
pressure (EDP) and stroke volume. We also know that the 
myocyte length/FOC relation is the prime underlying cause 
of the Frank-Starling relation. However, in order to create a 
model, we need to construct a set of mathematical relations 
that quantify the etiological progression from one to the 
other. Figure  40.5  shows an attempt to do this, with com-
ments on the four arbitrary steps below: 
    1.    Firstly, the relation between myocyte  fi ber length and 

end-diastolic volume (EDV) is (probably irresolvable) 
complex as the muscle  fi bers exist in multiple orientations 
and the heart cannot be reduced to a geometric shape.  

    2.    Subsequently, the translation from myocyte tension to 
ventricular wall tension also depends upon the mechani-
cal advantage of each  fi ber—which is also related to the 
orientation.  

    3.    Modeling the stroke volume from the ventricular wall ten-
sion depends largely on the effect of the vascular system 
on the afterload and preload of the heart  in situ  and how 
this might affect the  fl uid dynamics of blood ejection.  

    4.    Converting from ventricular volume to pressure equates 
to compliance. Experimental data exists to support this, 
although in an  in vivo  heart compliance changes actively 
and is energy dependent (i.e., diastolic dysfunction).     
 This example shows a typical pattern in trying to model 

biological systems. Supporting experimental data exists in 
isolation, but cannot be joined to form a coherent descrip-
tion of how a system works. Overarching all of this is the 

Myocyte fiber length vs.
force of contraction

1. End diastolic volume vs.
force of contraction

2. End diastolic volume vs.
ventricular wall tension

3. End diastolic volume vs.
stroke volume

4. End diastolic pressure
vs. stroke volume

Fully described

The classical Frank
Starling relation

  Fig. 40.5    The mechanisms which allow us to follow the genesis of the 
Frank Starling curve from the force of contraction of a myocyte accord-
ing to its length to the change in SV of a heart according to its EDP have 
not been fully described. This means that an empirical model of this 
mechanism cannot be constructed       
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tremendous phenotypic variation between different individ-
uals, frustrating attempts to identify mathematical patterns.   

   Mathematical Limitations Prevent the Accurate 
Description of Human Physiology in a Model 

 Many physiological processes require signi fi cant computing 
resources to solve. Additionally, and in contrast to pharma-
ceutical and research modeling, the mathematical solutions 
need to run in real time and on low-powered devices. It is 
worth mentioning that some problems offer no mathematical 
solution at all [3, 4] which means that human physiology will 
 never  be accurately modeled in its entirety.  

   Consequences of Synthetic Model-Driven 
Simulation 

   Patient Parameters Have to Be Set Indirectly 
via Their Causal Parameters 
 When changing a value such as blood pressure in a pure 
“static data” simulation, the value is entered directly by 
the supervisor and is then displayed to the student. 
However, in a “synthetic” simulation, the model needs to 
know the underlying cause of the hypotension in order to 
recreate it. In this example, blood pressure is a function of 
the cardiac output and the systemic vascular resistance, 
and the supervisor would need to choose which one of 
those variables to alter. If the supervisor reduces the car-
diac output, then the model would need to know whether 
this was due to a reduction in heart rate or stroke volume 
(Fig.  40.6 ). This etiological progression continues until 
the  fundamental  parameters are reached—which are 
parameters which do not depend on any other for their 
value and can safely be changed. This also marks the limit 
of the model architecture, and as the model construction 
deepens, the supervisor is required to manipulate ever 
more fundamental parameters, which in turn requires a 
deeper knowledge of physiology and the model behavior. 
In an environment where most simulation is performed by 
technicians these problems may serve as a limit to syn-
thetic model complexity.   

   Patient Parameters Cannot Be Predicted 
 Many physiological processes cannot be solved arithmeti-
cally and need to be approximated by induction. Consequently, 
the output of the model cannot be predicted from its starting 
position (i.e., the output is reached by induction). Returning 
to the example above, the future effect on the blood pressure 
of reducing the vagal tone cannot be precisely quanti fi ed. If 
the supervisor wanted to reduce the blood pressure by a 
de fi ned amount or achieve an exact value (e.g., precisely 

120/80 mmHg), this would be very dif fi cult to implement, 
and programming solutions add considerably to the model 
complexity.  

   Validating Physiological Models 
 There is an abundance of published data on the role of simu-
lators in the educational process and their value as a learning 
tool  [5–8]. In contrast there is almost no information regard-
ing the accuracy of the physiological models that drive these 
systems, although it is noted that there are no agreed stan-
dards for simulation accuracy [9]. There is an explicit risk 
that an inaccurate simulation model could cause negative 
learning in the student. Although this concept has not been 
explored in medical simulation, there is a documented case 
in aviation where a pilot used a maneuver that he learned in 
a simulator which resulted in a crash when used in a real 
aircraft [10]. 

 Validating the   fi xed  output of a “static data” model is pos-
sible, as published data can be used directly, with reliance on 
peer review of the supporting paper. In a “synthetic” model, 
the author has to use published data indirectly, together with 
peer opinion and personal experience, to construct the model. 
This interpretation potentially adds another source of error. 

 Another problem with validating synthetic models is that 
they often simulate physiological extremes where there is a 
paucity of supportive published data of any type. The designer 
is then reduced to relying on an informal review of the model 
behavior by his peers. This is  de facto  practice in resuscita-
tion simulation and is compounded by the lack of feedback 
channels the supervisors can use when trying to report inac-
curate model behavior to the manufacturer. 

 The dif fi culty in validating the dynamic response of a 
synthetic model should be contrasted with that of a static 
data model. In a synthetic model the dynamic response to 
an intervention (such as a drug) can be validated, and the 
limitations openly de fi ned. In a static data model, the 
response to this intervention is provided manually by the 
supervisor, who has to interpret both the student’s actions 
and the likely behavior of the virtual patient. The 

Blood pressure
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Heart rate

Causes of Δ
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  Fig. 40.6    Reducing the blood pressure of a “bottom-up” simulation by 
increasing the vagal tone. The blood pressure cannot be changed 
directly as it is controlled by the model       
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 supervisor’s actions (and therefore the accuracy of the sim-
ulation) will vary depending on the individual concerned 
and cannot be quanti fi ed. In a “static data” model then, the 
source of the risk of inaccuracy and negative learning 
moves from the model to the supervisor. 

 The problem of validity is mitigated (or at least obscured) 
to some extent by the large phenotypic variation in the human 
population. Because of this, physiologists accept a very 
broad de fi nition of what would be a normal response, and the 
model output can fall anywhere within these limits and still 
be considered acceptable (Fig.  40.7 ).  

 An elegant solution is to build this population variability 
into the model itself. This has already been attempted to a 
limited degree with some immersive simulators allowing the 
simulation director to choose the type of patient (e.g., young 
or old) for the simulation scenario. This digital representa-
tion of phenotypic variation will hopefully be replaced by 
analogue models in the future, but this will open a new layer 
of modeling which will also need to be validated. 

 There is a joint responsibility between the manufacturers 
and the medical community to transparently validate the 
physiological models that drive simulators and explicitly 
quantify their limitations. However, the onus is on all super-
visors who run interactive simulations to be aware of the 
inaccuracies of the simulator (be it the physical manikin or 
physiological model) and how these might cause negative 
learning. 
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          Introduction 

 Every physician must be equipped with the skills requisite 
to that of an educator. The physician’s ability to teach effec-
tively and communicate information to others is tested con-
stantly through numerous interactions with patients, medical 
students, residents, and fellow practitioners, usually under a 
variety of circumstances. This role as “teacher” begins as a 
student in one’s clinical years of medical school and contin-
ues to develop further during one’s postgraduate training. 
Such an integral skill set, however, is not innate; rather, it 
must be learned and frequently improved upon. It is clear 
that competency in education or the ability to educate others 
effectively should be incorporated into any physician-train-
ing program. The recognition of this necessity has led to the 
formal integration of education training into the paradigm 
of physician education. The American Council for Graduate 
Medical Education (ACGME) common program require-
ments for residency training state:  Residents are expected to 
develop skills and habits to be able to participate in the edu-
cation of patients ,  families ,  students ,  residents ,  and other 
health professionals   [  1  ] , while the Liaison Committee    on 

Medical Education (LCME) mandates: Residents must be 
 prepared for their roles as teachers and evaluators of medi-
cal students   [  2  ] . 

 While the bene fi ts of resident-as-teacher and educator 
mentoring programs have been well documented  [  3  ] , the uti-
lization of a simulation education program as the site for the 
development of faculty and medical educators has not been 
explored. This chapter will review the history and literature 
on resident and medical student educator mentoring, citing 
the bene fi ts, differing modes of implementation, and inte-
gration of models for adult learning while identifying the 
role for simulation in regards to the mentoring of medical 
educators.  

   Resident and Medical Student Education 
Training: A Brief History 

 The term “doctor” is etymologically derived from the Latin 
word  docere , “to show, teach, cause to know,” and therefore 
carries within its meaning a presumption of competency and 
excellence in education. Given such a longstanding reputa-
tion of a physician’s role as educator, it is somewhat surpris-
ing to see only a recent focus on educator training in residency 
programs. Formal resident-as-teacher curricula emerged 
within a very small number of residency training programs 
in the 1970s  [  4,   5  ] . Initially, only anecdotal evidence on a 
program-by-program basis was available. The majority of 
these programs illustrated that using peers as teachers was 
cost-effective  [  6  ] , non-inferior to using attending physicians 
as teachers, and most importantly, due to the closeness of age 
and perspective in the medical  fi eld, peer educators allowed 
the teacher to put himself in the shoes of his student and thus 
be an empathetic educator  [  6  ] . This allows for unique and 
highly effective educational methods. Peer educators can 
draw from their familiarity of being a student and use it to 
overcome dif fi culties, barriers, frustrations, and fears experi-
enced by the student inherent to the expectations of learning 
a vast array of material in a short amount of time  [  6,   7  ] . 
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 In light of these bene fi ts, using peers as teachers was a 
promising initiative in the evolution of graduate medical 
education. However, it was observed that without proper 
instruction regarding the skill set necessary to become a 
teacher, peer teaching would never reach its full potential. 
Although there exists a level of expectation that all physi-
cians have an  a priori  ability to teach, this is simply not true. 
Physicians, like any other teacher, must be properly trained 
in the skills required to pass on and communicate knowledge 
effectively and succinctly. As residency programs started to 
appreciate this fact, the number of formal teaching skills 
improvement programs (TSIPs) increased. By the early 
1990s, roughly 20% of residency programs offered TSIPs 
 [  8  ] . As the number of these programs increased, so did the 
support of their worth. Programs noticed that TSIPs could 
increase a resident educator’s ability to teach effectively  [  9, 
  10  ] , promote self-con fi dence  [  11,   12  ] , hone perceived clini-
cal knowledge  [  3,   13  ] , and stimulate interest to pursue careers 
in academic medical centers  [  14,   15  ] . Most importantly, 
these programs reiterated that peers were not only non-infe-
rior to their attending counterparts  [  16  ]  but also potentially 
superior educators due not only to their unique perspective 
but also to their distinctive understanding and experiential 
“mastery” of the material they attempted to teach  [  17,   18  ] . 
By 2001, approximately half of all residency programs in the 
USA offered some formal training in teaching skills  [  19  ] . 
Other studies illustrated that in addition to residents being 
powerful and effective educators, medical students them-
selves can also be used as a valuable pool of teachers. 

 Programs designed to develop medical students as teach-
ers (MED-SATS) have been reported as early as the 1970s, 
describing senior medical students teaching medical history 

taking and demonstrating skills in physical diagnosis to 
junior students  [  6,   7  ] . Since this time, there have been mul-
tiple descriptions of MED-SATS in peer tutoring  [  20,   21  ] , 
teaching basic life support and cardiopulmonary resuscita-
tion  [  22  ] , instruction in the basic sciences, and moderating 
case-based learning sessions  [  23  ] . Many of these programs 
are designed with the speci fi c goal of providing experience 
and instruction in teaching skills  [  24,   25  ] . The overriding 
theory is that early education of medical students on their 
expected roles as physician educators will improve their 
abilities to teach, broaden their educational skill set, and 
motivate them to pursue careers in academia  [  15  ] . 

 Currently, it is widely accepted that programs that teach 
both residents and medical students how to teach are 
bene fi cial to medical education. Younger students  fi nd it 
helpful to have peers as teachers  [  24  ] , while senior students 
and residents  fi nd the experience to be rewarding, useful in 
improving educational skills, and often request or desire 
more opportunities to teach. In the next section of this chap-
ter, we describe how the simulation environment provides 
the ideal setting for the development of student as educator.  

   Simulation as a Tool for Clinical Educator 
Development 

 Mannequin-based simulation has been used for medical edu-
cation since its inception in the early 1960s. During the last 
50 years, its use has become more pervasive as a teaching 
tool. As a result, simulation centers established within medi-
cal institutions for undergraduate and graduate medical edu-
cation have become virtually ubiquitous (see Fig.  41.1 ). The 

  Fig. 41.1    Mannequin-based 
simulation exercise       
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bene fi ts and utilization of simulation as a resource to teach 
learners are discussed in great detail throughout this book. 
These tools and the simulated environment also prove to be a 
powerful and nearly limitless workshop for potential educa-
tors to create, test, and re fi ne their educational methods. 
Many of the pedagogical principles that apply to clinical edu-
cators can be employed within the forum of the human simu-
lator and its environment for medical students and residents.  

   Diverse Audience Exposure 

 Simulation offers many unique advantages for novice educa-
tors to perfect teaching skills and curricula design development 
in a safe, controlled, and manipulatable setting. Being a virtual 
classroom, the simulated environment presents a vast array of 
options, in terms of audience composition and class size. 
Course material, teaching style, and therefore simulations can 
be tailored to a variety of audiences, giving the student educa-
tor the ability to perform, test, and master their curricula on 
novice-level learners, such as high school or premedical stu-
dents before attempting to teach to more experienced learners.  

   Class Size Options 

 The ability to control class size is also another signi fi cant 
advantage of the simulated environment. Teaching in front of 
a full lecture hall can be daunting even for a seasoned educa-
tor, but it is incredibly anxiety provoking and intimidating for 
the novice. While some simulation-based scenarios will be 
done on a “grand” scale, involving multiple locations, advanced 

telecommunications, and large conference rooms, the majority 
of simulations can be done more intimately with small groups. 
Controlling class size in the simulated environment allows 
novice educators the ability to gain experience and con fi dence 
with a manageable number of students (see Fig.  41.2 ).   

   Feedback and Mentorship 

 The “hands on,” small group aspect of simulation-based 
teaching also permits frequent and immediate feedback 
opportunities for student and educator alike. The environ-
ment affords a unique opportunity for the novice educator to 
be observed and mentored from more seasoned student edu-
cators and faculty. The idea of a tiered system of mentorship 
is an integral component of the student-as-teacher model and 
creates a “farm team” of educators and mentors, who start as 
novice educators, gain experience and skills, and become 
education mentors to more junior teachers (described in 
more detail below). Teaching in this nonintimidating envi-
ronment is a perfect proving ground for young educators to 
experiment, build self-con fi dence, acquire and reinforce 
knowledge, and continually improve based on immediate 
student and mentor feedback.  

   Experiential Curricular Design 

 Creating experiential courses conducted in a simulated envi-
ronment facilitates curricular development and improves 
teaching skills for the student educator. The simulation class-
room enables the student educator to create scenarios drawn 

  Fig. 41.2    Small-group 
simulation exercise       
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from their own patient encounters during their training. 
Experiential curricular development offers student educators 
exceptional familiarity with a subject. This “ownership” of 
material imparts a level of con fi dence and knowledge of the 
curriculum that will result in a more con fi dent and knowl-
edgeable educator compared to counterparts who may not 
have had the same experience. This unique perspective gives 
student educators the ability to recreate their own experiences 
and impart particular emotions, people, events, and decision 
trees that were encountered in real life. As student educators 
and residents progress through their training, they can con-
tinue to make and reinforce connections between real-life 
experience and their simulation curriculum. Eventually, 
through multiple iterations and mastery of an experiential 
simulation, the student educator gains more con fi dence 
with the creation of novel simulation-based experimental 

 scenarios. This creativity is fostered, and new simulations are 
designed with basic principles learned from prior successful 
simulations and enhanced by knowledge gained as they prog-
ress through their medical and educator training (see 
Table  41.1 ). Upon completion of their training, the student 
educator is expected to acquire a broad educational repertoire. 
Not only should they have amassed a collection of simulations 
and the comfort to teach to a variety of audiences, but should 
 fi nish training having honed the skills to develop spontaneous 
novel scenarios that addresses future educational needs.   

   Dynamic Education 

 The creation of a simulation scenario, whether experiential or 
by spontaneous design, requires a student educator to research 

   Table 41.1    Anesthetic planning scenario based on a residents’ personal experience   

 State  Patient status  Learner objectives  Operator notes/teaching points/triggers 

 1. Baseline  Patient is anxious, asks for 
meds to relax him 

  Learner actions : Will identify self 
to team and locate appropriate 
patient history. Attach monitors, 
reassure patient 

  Operator : Baseline healthy patient loaded in sinus tach 
  Teaching points : Appropriate history obtained, decide 
whether or not to proceed with the plan decided on 
  Trigger : Participant applies monitors to patient 

 2. Pre-sedation  Patient found to be tachycardic 
with normal blood pressure 
upon placement of monitors 

  Learner actions : Recognize sinus 
tachycardia, cause is anxiety and 
let them treat as they want 

  Operator : Change to sinus rhythm with sedation. 
  Teaching points : Recognition of anxiety 
  Trigger : Surgeon asks if he can start 

 3. Sedation  Patient becomes profoundly 
agitated and moves around 

  Learner actions : Manages the 
MAC case by giving more 
sedation, may try narcotics or 
hypnotics 

  Operator : Patient becomes apneic temporarily but 
recovers, have them manipulate the airway to ensure 
patency 
  Teaching points : Recognition of sedation. Diagnose 
why the patient continues to respond to stimuli 
  Trigger : Patient calms temporarily 

 4. Intra-Op  Patient is comfortable, but 
upon manipulation of the 
hernia beings to move around 
and groan. Surgeon complains. 
Entice them to give more 
sedation 

  Learner actions : Recognize level 
of sedation inadequate, respond to 
surgeon the de fi nition of MAC. 
Often more sedation given 

  Operator : Upon further sedation patient becomes 
completely apneic and unresponsive. Desaturation 
ensues 
  Teaching points : Recognition of inadequate anesthesia, 
realization of poor technique for this case 
  Trigger : Patient begins to desaturate, remains 
 unarousable, becomes dif fi cult to ventilate 

 5. Intubation  Patient remains in extremis, 
airway management needed. 
Convert to general anesthesia 
with an ET tube 

  Learner actions : Rescue the 
airway via intubation, mechanical 
ventilation. Alter anesthetic drugs 
or levels appropriately. Treat pain 

  Operator : Patient recovers from respiratory insult. 
Once tube in place surgeon is happy with conditions, 
asks for relaxation 
  Teaching points : Ability to rescue the airway. Explain 
the quick desaturation. Discover how they painted 
themselves into a corner 
  Trigger : Successful patient management 

 6.  Emergence 
and recovery 

 Procedure ends, patient 
emerges, gets extubated 

  Learner actions : Proper emer-
gence. Decide need for reversal. 
After extubation gives proper sign 
out 

  Operator : Patient emerges well, surgeon happy 
procedure is done, normal PACU sign out 
  Teaching points : Decision of extubation, proper PACU 
sign out 

 7. Debrie fi ng  Patient now awake   Learner actions : Self-assessment 
of performance initiated. 

  Operator : Administer standardized debrie fi ng. 
  Teaching points : Discuss MAC vs. general, need for 
airway management and back-up plan. Proper consent 
process. Feedback regarding strengths and weaknesses 
in simulation completion. Allow for revisit of 
simulation immediately to apply recently acquired 
feedback. 

 Completion of debrie fi ng with 
demonstration of understanding of 
diagnosis and management of 
blunt trauma and hypotension 

  Trigger : Completion of debrie fi ng 
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a given topic and master a set of information, much like any 
other didactic exercise. Most didactics follow a linear path, 
an outline is given, information is communicated, and the les-
son plan follows accordingly. The major difference is that due 
to the immersive and sometimes unpredictable environment 
the simulator provides, like the actual clinical environment, 
the student educator must be a  dynamic educator , prepared to 
deal with unexpected questions, technical errors, and unan-
ticipated decision trees the learners may provide throughout 
the scenario. For example, a drug error may occur, an “impos-
sible airway” may prove easy, or an intervention may be per-
formed for which the simulation educator was not prepared. 
Though this presents the student educator with signi fi cant 
challenges, it does not halt the process of education for both 
the teacher and the student, rather it forces the teacher to be 
resourceful, think quickly, and be versatile. It also mandates 
that the educator must plan ahead for possible pitfalls. As one 
garners more experience with a given scenario, more unfore-
seen events occur, and the educator gains a greater mastery of 
a subject or given simulation. By learning to anticipate unan-
ticipated questions, and by making adjustments, they solidify 
previously existing knowledge, build self-con fi dence, and 
learn to communicate information effectively. The educator 
can also learn to better control what is taught, reach greater 
understanding by their students, and learn to in fl uence their 
audience to “follow the script” and reduce the amount of 
unexpected questions and actions. Therefore, the rich and 
dynamic simulated teaching environment can serve to rein-
force educator knowledge, increase self-con fi dence, and hone 
their teaching skill set. All of these are vital aspects to grow-
ing educators who are enthusiastic about teaching and maxi-
mizing the education of those being taught.  

   The “Farm Team” Approach to Mentorship 

 As stated before, simulator-trained educators have the ability 
to teach multiple audiences; create innovative, immersive, 
and adaptive simulations that re fi ne their medical knowl-
edge; and provide excellent feedback through practiced com-
munication. Of all the bene fi ts described, perhaps the most 
valuable bene fi t to simulator-trained educators is the forma-
tion of relationships between medical students, residents, 
and faculty resulting in a unique, incredibly rewarding, and 
effective mentoring system. Instillation of young educators 
at the level of student or resident places them in a system that 
repeatedly reinforces itself. Residents learning to educate are 
positioned to mentor students whom themselves are also 
learning to educate. For example, creating a robust simulated 
operating room environment often calls for multiple educa-
tors, some may be tasked with running the simulation soft-
ware, others portraying patients or surgeons, and others 
involved in the initiation of inciting events (see Fig.  41.3 ). 
These educators may be of different levels of training, rang-
ing from attending physician to student. Through their par-
ticipation in the simulated scenario, all student educators 
gain knowledge in experience in simulation and educational 
training by their observation of those around them and exe-
cution of their assigned roles within the simulated scenario. 
This mentorship allows for sharing of teaching experiences 
between more senior educators and junior educators, ulti-
mately creating a “farm team” model. Within this system, 
junior educators are trained and mentored by senior educa-
tors, eventually taking over increasingly greater teaching 
responsibilities and administrative duties as they progress 
through their residency. Ultimately, upon completion of their 

  Fig. 41.3    Full-scale simulation 
involving three clinical educators 
of varying experience creating a 
fully immersive teaching 
environment       
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training, these educators can transition easily from residents 
to faculty with the proper tools for a career in academia and 
simulation-based training. What follows is our institutional 
model for a “Clinical Educator Track” within an anesthesiol-
ogy residency program utilizing simulation-based educa-
tional training.    

   The Clinical Educator Track and Simulation-
Based Elective for Medical Students 

 Our program has an initial formal mentorship program for 
fourth-year medical students interested in clinical educator 
careers. Medical students join our program during a unique 
one-month elective in anesthesiology simulation and learn 
to educate in the simulated environment. Under the guidance 
of attending-level faculty and senior residents within our 
anesthesiology program, the students learn to develop their 
own curriculum by observing and helping teach during exist-
ing simulator-based sessions. The students learn to be effec-
tive communicators for a variety of student audiences and 
learn to create their own immersive simulations and case-
based scenarios for junior level and premedical learners. 
Depending on the events scheduled for the month in which 
they are enrolled, they also attend simulation-based courses 
conducted for various audiences (e.g., community service 
programs with middle school students or CME courses for 
attending-level staff). In these courses they assume various 
roles while learning a good deal with “over the shoulder” 
observation to learn how to run scenarios. In addition to 
obtaining skills in curricular development with the human 
simulator, the student educators learn to appreciate and 
respect the needs and abilities of the students they teach. 

 By the end of their month, students are expected to have 
designed and taught one novel simulation scenario to third-
year medical students on their 1-week anesthesia clerk-
ship. This scenario is created under the guidance of resident 
and/or attending faculty supervision and is observed by 
one of the simulation faculty to assist the student with 

 running the scenario, debrie fi ng the students, and to order 
to provide feedback to the elective student educator (see 
Table  41.2 ).   

   The Clinical Educator Track for Residents 

 Our program recruits many of these students into our anes-
thesiology residency program who then continue as resi-
dent educators. Also, many of our residents become 
interested in teaching and ask to be involved in simulation-
based education after they are exposed to their clinical 
anesthesia (CA)-1 anesthesia boot camp—a series of simu-
lations over a 7-week period. CA-1 residents with an inter-
est in medical education are recruited from our residency 
program to join our “Clinical Educator Track” (CET) and 
participate in our department’s simulation-based educator 
program for community service and teaching of medical 
students, residents, and occasionally retraining physicians. 
The residents  fi rst participate in an advanced simulator 
elective and are taught to develop and conduct both didac-
tic and simulator-based educational activities. As a compo-
nent of their residency responsibilities, these residents 
learn to be effective educators for a variety of audiences, 
organize and conduct the didactic curriculum for our third-
year anesthesia clerkship, teach in our simulator-based 
physiology labs, help conduct simulator-based courses for 
residents and retraining attending-level physicians, and 
participate in extensive community service teaching which 
includes underprivileged students from local elementary 
and middle and high schools. In addition, the residents par-
ticipate in regional, national, and international meetings 
helping faculty conduct simulation-based workshops (see 
Fig.  41.4 ).  

 Initially, junior residents are encouraged to observe senior 
resident educators during didactic and simulator-based edu-
cational sessions. Further training on the simulator is per-
formed in conjunction with the simulation educational fellow 
and attending faculty to help residents develop their own 

   Table 41.2    Sample medical student simulation elective timetable   

 Goals and objectives  Week 1  Week 2  Week 3  Week 4 

 Educational skill 
building 

 Observe prescheduled 
sessions 

 Assist senior clinical staff 
in scheduled simulations 

 Assist senior clinical staff in 
running your speci fi c scenario 

 Perform your scenario and 
didactic session with minimal 
senior clinician input 

 Simulation design 
and execution 

 Learn basic simulator 
function and design 

 Design clinical simulation 
scenario 

 “Drive” your scenario during 
live sessions 

 Finalize your scenario 

 Pick a unique clinical 
simulation scenario 
based on experience 

 Test simulation and 
concurrent didactic 
session 

 Modify your scenario based 
on feedback 

 Submit to clerkship coordinator 
for formal evaluation 
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curriculum while they also help teach during existing simu-
lator-based sessions. The residents learn to be effective com-
municators for a variety of student audiences and also learn 
to develop successful simulations and educational modules 
through participation in existing educational sessions. 
Residents are strongly encouraged to develop their own 
unique and innovative didactic and simulator-based curricu-
lum in an open-ended model where they have no speci fi c 
requirements for a scenario type or setting but are expected 
to develop and use a repertoire of scenarios for the various 
audiences they encounter, (e.g., designing a scenario that is 
fun and represents an innovative way to orient new medical 
students to the department) (see Table  41.3 ). With a large 
complement of resident educators (roughly 3–5 per year), 
the result is a large breadth and wide variety of lessons. 
Many of the residents  fi nd it a rewarding experience which 
allows them to create an educational portfolio for those con-
tinuing in a career in academic medicine.  

 Our residents are given the opportunity to teach in con-
junction with their clinical responsibilities by signing up to 
work a  fi nancially compensated pre or post-call educational 
day. Residents must be Accreditation Council of Graduate 
Medical Education (ACGME) work-hour compliant and 
cannot violate the work-hour restrictions placed by the 
ACGME. Since the call schedule and resident rotation sched-
ule vary from month to month, it is ideal to have a large 
complement of residents to ful fi ll the department’s educa-
tional goals. An online, internet-based calendar has been set 
up for residents to sign up for education days (see Table  41.4 ). 

This calendar is available to the resident education coordina-
tors (CA3 residents experienced with teaching) and the rest 
of the residents to avoid scheduling con fl icts. Dates are then 
communicated to the program director and medical students 
to maintain logistical organization.  

 The goals and objectives for the CET is that residents 
learn curricula development, curricula assessment, simula-
tion programming, and simulation-based teaching modali-
ties over the course of their 3-year training (see Table  41.5 ). 
They are encouraged to keep track of their educational expe-
riences, and methods are provided by which they receive 
feedback from medical students in order to better hone their 
skills and further develop new educational exercises.  

 Residents conduct simulation-based educational activities 
throughout the year including:
    1.    Community service education for underprivileged 

students  
    2.    Premed and humanities and medicine curriculum  
    3.    Integrated simulation-based physiology labs for  fi rst-

year medical student
    (a)    Pulmonary physiology  
    (b)    Cardiovascular physiology  
    (c)    The autonomic nervous system      

    4.    Anesthesia curriculum for third-year medical student 
clerks  

    5.    Curriculum for fourth-year students participating in a 
simulation or basic anesthesiology elective  

    6.    Introduction to internship for PGY-1 anesthesiology 
residents  

  Fig. 41.4    Attending and 
resident clinical educators 
simulate an airway  fi re at a 
national meeting       
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    7.    Introduction to anesthesiology for CA-1 anesthesiology 
residents  

    8.    Simulation-based PALS for CA-2 residents  
    9.    Airway assessment and management for critical-care 

fellows  
    10.    Simulation workshops at the New York State Society of 

Anesthesiologist (NYSSA) Postgraduate Assembly 
(PGA)  

    11.    Simulation for the thoracic workshop at the American 
Society of Anesthesiologists (ASA) annual meeting  

    12.    Regional training level-speci fi c simulation-based seminar 
for anesthesiology residents (milestones, outcomes, and 
competencies for anesthesiology residents [MOCAR])  

    13.    Departmental educational meetings (The New York 
Review, Clinical updates in Anesthesiology, Surgery and 
Perioperative Medicine)      

   Table 41.3    Innovative    orientation curriculum designed by a resident clinical educator   

  Lesson Title : Workroom Scavenger Hunt 
  Teacher : Jason H Epstein, MD 
  Date : 17 January 2012 
  Students : Visiting MS4 students 
   
  Lesson objectives    Key points  
 Students will be able to  fi nd the GP3, Ann6, and Ann7 
anesthesia workrooms 

 Anesthesia workrooms can be a confusing, 
complicated place to be 

 Students will be able to describe the categories of 
equipment to be found in the anesthesia workrooms 

 Support staff are key members of the anesthesia team 
Introduce them to one of the anesthesia techs if possible 

 Students will be able to describe the differences 
between standard, anode, RAE, and blue line tubes 
 Students will have fun 
   
  Assessment tools  
 Scavenger Hunt (see below) 
   
  What / When    How  
  Opening hook / connection to prior 
knowledge  (15 min) 

 Welcome to MSSM. Ask who has gotten lost so far 
 Give them a scenario of having an unexpected dif fi cult airway in your room and 
being asked to quickly grab a  fi ber-optic scope and a 6.0 ETT. Imagine the challenge 
of even  fi nding the workroom and then how to get the equipment 

  Workroom tour  (30 min)  Visit the three workrooms: Ann7/Ann6/GP3 West 
 Review equipment as follows: 
  Ann7: Airway and regional (ENT/GU cases) 
  Ann6: IVs and  fl uids (Peds/ambulatory cases) 
  GP3: Drugs 

  Workroom scavenger hunt  (30 min)  Divide into three groups 
 Each group is given the scavenger hunt form below and is assigned to a different 
workroom 
 Ensure each group has someone with a smartphone to take pictures. Take a picture of 
the things on the scavenger hunt items labeled  [  1  ] . Encourage taking pictures 
otherwise you will have lots of stuff to return to the workrooms at the end of the day 
 Give them 20 min to meet back on KCC8 conference room 

  Scavenger hunt review  (20 min)  Review answers 
 Score liberally (note that some of the questions have more than one correct answer) 
 Give out candy – winning group gets to pick  fi rst 

  Department connection  (10 min)  Make sure you get something from the workroom for your cases tomorrow 
   

  Materials and attachments  
 Scavenger hunt ×4 
 Candy! 
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   The Advanced Clinical Educator Track 
for Residents 

 The Advanced Clinical Educator Track (ACET) is a unique 
2–4-month concentrated rotation for CA-3 residents engaged 
in simulation-based education throughout their training who 
have demonstrated an interest and an aptitude as resident 
educators. This advanced track gives CA-3 residents the 
opportunity to further hone their skills by receiving more 
consistent formal mentorship with advanced training in 
simulation-based education and assessment during dedi-
cated nonclinical time. In addition, they are given adminis-
trative responsibilities and are expected to help schedule, 
organize, and staff the various educational programs run by 
our department and the other clinical educators. Known as 
Resident Education Coordinators, these residents are CA-3s 

who have been involved in the Clinical Educator Track and 
wish to pursue an academic career. Their responsibilities 
include the organization and conduct of the third-year medi-
cal student clerkship in anesthesiology, creating a dynamic 
and viable curriculum, and assisting in “faculty” develop-
ment by keeping track of feedback for resident educators 
and offering constructive criticism (see Fig.  41.5 ). They 
also learn simulation-based research design and complete 
an grant an IRB application. CA-3 ACET residents are 
encouraged to participate in educational research projects 
and assist during local and national meetings. It is the goal 
of our program to provide residents upon completion of the 
Advanced Clinical Educator Track all the tools and skills 
necessary for an academic career whereby they are excel-
lent  clinician educators and clinician scientists. Over the 
last 7 years 92% (11 of 12) of the ACET residents have 
 pursued careers in academics as simulation experts.   

   Table 41.4    Sample teaching 
schedule based on resident call 
schedule   

 Date  Name  Session  Location 

 Mon Oct 31 9–11AM  Silverman (Post 2A)  MS4 orientation  KCC 8-04 
 Tue Nov 2 2–4PM  Reddy (Pre-OB)  MS4 (OB and Epidurals)  KCC 8-04 
 Wed Nov 2 1–3PM  Blasius (Pre TL)  MS4 (human patient simulation)  Sim Lab 
 Thurs Nov 3 2–4PM  Hernandez (Post-long)  MS4 (intro to workroom)  KCC 8-58 
 Fri Nov 4 1:30–3:30PM  Ezziddin (Pre-OB)  MS4 (intro to Peds)  KCC 8-04 
 Fri Nov 4 9AM–1PM  Reddy (DAS)  CA-1 FLOAT  KCC 8-04 
 Wed Nov 9 3–5PM  Hofer (Post-long)  MS4 (induction)  Meet on KCC8 
 Thu Nov 13 2–4PM  Epstein (Pre-OB)  CA-0  Sim Lab 
 Fri Nov 11 9AM–1PM  Reddy (DAS)  CA-1 FLOAT  KCC 8-04 
 Fri Nov 11 9AM–3PM  Katz (Post-OB)  CA-1 SIM LAB  KCC 8-04 
 Mon Nov 14 1–3PM  Epstein (Pre-TL)  MS4  KCC 8-04 
 Wed Nov 16 1–3PM  Afonso (Pre-Elm)  MS4  Meet on KCC8 
 Thu Nov 17 1–3PM  Blasius (Pre-TL)  CA-0  Sim Lab 
 Thu Nov 17 1–3PM  Hofer (Pre-OB)  MS4 (Thoracic)  Meet on KCC8 
 Fri Nov 18 9AM–1PM  TBD  CA-1 FLOAT  KCC 8-04 
 Mon Nov 21 9–11AM  Ezzidin (Post-OB)  MS3 Orientation  TBD 
 Tue Nov 22 2–4PM  Blasius (Pre-2B)  MS3 (intro to anesthesia)  Sim Lab 
 Tue Nov 29 1–3PM  Afonso (Pre-Elm)  MS4 (intro to workroom)  KCC 8-04 

   Table 41.5    Sample clinical 
educator responsibility  fl ow 
chart   

 Clinical education responsibilities  CA-1  CA-2  CA-3 

 Community service education for high 
school students 

 Teach  Supervise  Supervise 

 Premed education  Teach  Supervise  Supervise 
 MS1 physiology labs  Observe/act  Drive/teach  Teach 
 MS3 anesthesiology clerkship  Teach  Teach  Supervise 
 MS4 anesthesiology elective  Drive/teach  Teach  Teach 
 PGY1 Introduction to internship  Observe/act  Observe/act/drive  Teach 
 CA-1 “boot camp”  N/A  Observe/act/drive  Drive/teach 
 CA-2 PALS exercise  Observe  N/A  Teach 
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   Conclusion 

 The study of medicine and training of a physician in many 
ways retains its origins as a relationship between a master 
and an apprentice. Like many trades, medicine is an amalga-
mation of skills that are best transmitted by members of that 
profession. The guild structure of trade expertise – appren-
tice, journeyman, and master – re fl ects our modern-day stu-
dent, resident, and attending physician phases which re fl ect 

movement toward independence. Residents, like journey-
men, represent the mid-level trainee of our profession, able 
to teach, yet still in want of further training. Clearly, simula-
tion has already changed the way we as physicians educate 
our students. Combined with the idea that teaching and learn-
ing for physicians must always go hand in hand, simulation 
has the potential to change the way we as physicians train 
our teachers and provides creative and novel pathways to 
reach true masters of medicine and medical education.      

Anesthesia Education Feedback
Form

Date of Lesson

Lesson Title

Level of Training

Educator

How much did the lesson....

We strive for constant improvement. Please help us out by filling out the following survey about
the lession you attended. Thanks very much!

A great
amount

...increase my
interest in the field of

anesthesiology.
...teach me

something that was
relevant to me.

...help me understand
something better than

I did before.
...give me new skills
that I will be able to

use the next time
 I am in the operating

room.
...make me bored out

of my mind.

Very much Somewhat Little Not at all

What was the title or subject of the lesson?

Please indicate your level of training

Blasius

* Required

*

*

*

*

*

MS 1

  Fig. 41.5    Sample online 
feedback form       
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   Introduction 

 A fellowship program in the health professions typically 
implies clinical subspecialty training, often approved by the 
Accreditation Council for Graduate Medical Education 
(ACGME) or other institutional regulatory bodies. In addi-
tion, mentored research training programs, often sponsored 
by governmental agencies, foundations, or individual 
 specialty societies, have supported fellowship training for 
faculty development in the health sciences. Academic 
expertise in the learning sciences also requires an intensive 
period of dedicated study and support; however,  opportunities 
for dedicated fellowship study in medical education gener-
ally  [  1–  3  ] , and simulation in particular, are comparatively 
limited. Based on experience with simulation fellows over 
nearly a decade  [  4,   5  ] , we describe here a model for fellow-
ship training designed to foster expertise and leadership in 
the growing  fi eld of medical simulation. Typically offered 
as a 1–2-year program of professional development, the fel-
lowship is designed to extend focused training beyond indi-
vidual faculty development courses and continuing medical 
education programs, offering an advanced career pathway 
in the  fi eld. This chapter will explore simulation fellowships 
using a curricular development framework described in 
Kern’s Curriculum Development for Medical Educators  [  6  ]  

(Table  42.1 ); this approach is intended to provide both theo-
retical and organizational structure for discussion.   

   Problem Identi fi cation and General Needs 
Assessment 

 Early general and specialty medical education fellowships 
were developed to augment teaching skills, create communi-
ties of educators, and develop educational leaders at a time 
of growing interest in medical education scholarship  [  2  ] . 
Similarly, health services research fellowships, sponsored 
by groups like the Robert Wood Johnson Foundation, also 
offered academic, methodologic, and leadership training in 
order to help selected clinicians better understand nonmedi-
cal disciplines essential to health care. Today, the rapidly 
increasing interest in simulation  [  7,   8  ]  has driven a new 
demand for specialty leaders. These individuals need the 
training to lead, develop, teach, and evaluate the kind of 
simulation-based initiatives which promise wide-ranging 
impact on health care quality and safety. While medical stu-
dents and residents interested in staying in academia increas-
ingly view simulation as a viable career pathway, they need 
a support infrastructure to develop and sustain education-
based careers. Fellowship work can help trainees ef fi ciently 
acquire needed skills by providing an intensive period of 
time, focus, and support.  

      Fellowship Training in Simulation       

     Emily   M.   Hayden        and       James   A.   Gordon                   

  42

    E.  M.   Hayden ,  MD, MHPE   (*)   •     J.  A.   Gordon ,  MD, MPA    
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Department of Emergency Medicine , 
 Massachusetts General Hospital , 
  Boston ,  MA ,  USA    

                     Gilbert Program in Medical Simulation, 
Harvard Medical School ,
  Boston ,  MA ,  USA    
e-mail:   emhayden@partners.org;   jgordon3@partners.org   

   Table 42.1    Kern’s Curriculum Development Framework for Medical 
Educators  [  6  ]    

 Problem identi fi cation and general needs assessment 
 Needs assessment of targeted learners 
 Goals and objectives 
 Educational strategies 
 Implementation 
 Evaluation and feedback 
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   Needs Assessment of Targeted Learners 

 Most current simulation fellowships are focused on physi-
cian trainees who have just completed residency training. 
These individuals are more likely to have experienced simu-
lation in their prior training but typically have limited train-
ing in the theory, style, administration, and science of 
simulation-based education. Potential fellows can identify a 
range of focus areas during a simulation fellowship, includ-
ing clinical teaching, medical education research, leadership 
and administration, and biomechanical engineering. Some 
institutions have chosen to combine medical education and 
simulation fellowships into a uni fi ed whole, complementing 
those shared competencies (i.e., teaching methodology, com-
petency assessment, curriculum development, program eval-
uation, organizational structure, and educational scholarship) 
with more simulation-speci fi c skills like technology-
enhanced case development, scenario implementation, and 
debrie fi ng strategies.  

   Goals and Objectives 

 The primary goal of simulation fellowship programs is to 
create experts and leaders in the  fi eld of healthcare simula-
tion by providing dedicated experience and mentored train-
ing in simulation-based medical education. A sample list of 
objectives is listed in Table  42.2 .  

 Other objectives are at the discretion of the fellowship 
director and fellow, such as those focusing on speci fi c proj-
ects tailored to the fellows’ goals and the local environment. 
Fellowship program objectives should adapt with changing 
institutional or fellow needs.  

   Educational Strategies 

 The strategies employed for any fellowship should re fl ect 
the local environment in terms of objectives, resources, and 
faculty. It is more ef fi cient to make use of existing courses 

and infrastructure, such as master’s degree coursework or 
certi fi cate programs, and established faculty development 
workshops. It is helpful if the simulation fellows can join an 
existing cohort of research and education trainees in other 
disciplines to learn from one another, share research ideas, 
and participate in collective “works-in-progress” presenta-
tion and feedback sessions. 

 Educational strategies should map to the objectives of the 
program. The sample objectives from Table  42.2  are 
recounted below with example strategies matched to each 
item:
    1.     Describe the historical and current theoretical and 

scienti fi c foundations of simulation - based medical 
education :

   Attend local faculty lectures and participate in com-• 
munity discussion.  
  Engage in guided readings and/or journal club.  • 
  Attend regional and national simulation/medical edu-• 
cation meetings/exhibits.  
  Participate in graduate-level coursework and continu-• 
ing education offerings.     

    2.     Conceive ,  develop ,  and run simulation - based training 
and assessment modules  (in addition to the above):

   Engage in a longitudinal teaching practicum (super-• 
vised practical teaching experience).  
  Learn and practice how to operate and teach with all • 
simulation equipment.  
  Observe both novice and master simulation • 
instructors.  
  Encourage direct observation of one’s own instruction • 
and solicit peer feedback.  
  Assume leadership in selected course design, adminis-• 
tration, and evaluation.  
  Participate in re fl ective practice     • 

    3.     Help create ,  administer ,  and evaluate new simulation 
programs ,  centers ,  and technology  (in addition to the 
above):

   Attend local simulation operations, planning, and lead-• 
ership meetings.  
  Attend faculty development and leadership workshops • 
(locally and nationally).  
  Assume leadership for a programmatic component of • 
the local teaching unit.  
  Assist in evaluation of new equipment and  fi nancing.  • 
  Participate in the hiring and human resources process • 
for new fellows and staff.     

    4.     Critically appraise and / or conduct simulation - based 
medical education research  (in addition to the above):

   Completion of an IRB/Human subjects review • 
application.  
  Write and submit scholarly abstract(s) for peer review • 
and presentation.  

   Table 42.2    Potential objectives for simulation fellowship   

 By the end of the simulation fellowship, all fellows should have the 
skills to: 
   1. Describe historical and current theoretical and scienti fi c 

foundations of simulation-based medical education 
   2. Conceive, develop, and run simulation-based training and 

assessment modules 
   3. Help create, administer, and evaluate new simulation programs, 

centers, and technology 
   4. Critically appraise and/or conduct simulation-based medical 

education research 
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  Design, implement, and complete a scholarly project • 
through to manuscript.  
  Participate in peer review of others’ work (formal or • 
informal).         

   Implementation 

 The implementation of a fellowship program will be driven 
by the local environment and resources. This section will be 
a general discussion of simulation fellowship program imple-
mentation, with framework adapted from Kern’s curricular 
development model  [  6  ] , including a discussion of resources, 
support, administration, barriers, and introduction of the 
curriculum. 

 While not required for the academic training component 
of the fellowship, clinicians need a venue to maintain their 
clinical skill during the fellowship period. This clinical com-
ponent complements the simulation fellowship work and is 
typically arranged in collaboration with the relevant clinical 
department of the base institution. However, some fellows 
may arrange clinical work independently, as long as it  fi ts 
within the structure and time demands of the fellowship cur-
riculum. Under special arrangement, some fellows, particu-
larly international research physicians, will be eligible only 
for nonclinical fellowship experience.  

   Identi fi cation of Resources 

 Resources required for any fellowship program revolve 
around discussion of applicants, faculty, time, facilities, and 
funding considerations. 

   Fellow Applicants 

 Fellowship training in medical simulation is applicable 
across specialties, but a broad clinical background is helpful 
in serving the diverse constituencies of most simulation pro-
grams. Selection criteria and clinical responsibilities will 
vary by institution. Those programs that facilitate clinical 
placement will interview and select applicants for both clini-
cal and fellowship work.  

   Faculty 

 Faculty can be drawn from both within and outside the 
institution, guided by the fellowship director, who typi-
cally serves as a primary mentor. Often the local simula-
tion center director is also the simulation fellowship 

director, which provides important synergy and program-
matic context for the fellow. Clinical mentorship is pro-
vided by the relevant departmental leadership and practice 
group.  

   Time 

 Typical allocation of time for fellowship duties (vs. clini-
cal/other non-simulation-related work) ranges from 50 to 
80% academic “protected” time for new skill acquisition. 
For clinicians, this often translates to 1–2+ days of clinical 
work a week, complementing 3–4 days reserved for fellow-
ship work. Those fellowships that do not arrange clinical 
placement typically allow fellows to moonlight; however, 
clinical work beyond the time allocations noted risks 
detracting from the fellowship training itself. The fellow-
ship time is often the only dedicated period an individual 
will have for several years to build a solid foundation for an 
academic career. 

 Fellowship programs are usually 1–2 years in length. 
Typically a 1-year simulation fellowship program will 
allow a fellow to survey the different types of simulation 
available and learn to teach in these environments. Given 
all of the concurrent responsibilities of a new fellow/fac-
ulty member (e.g., transitioning to new clinical role often 
in a new healthcare system), some fellows choose not to 
develop an independent research project during the  fi rst 
year, focusing instead on simulation teaching and course 
administration. A 2-year fellowship allows the fellow to 
spend more time on scholarship in simulation, and those so 
inclined can opt for a second year to focus on academic and 
research development. A sample template of a 1-year fel-
lowship is shown in Table  42.3 ; this template is used locally 
for the fellowship based at Massachusetts General Hospital 
but is designed to be accessible and available as a joint fel-
lowship structure in collaboration with other institutions 
(i.e., all formal coursework can be done by distance or in 
short on-site bursts in Boston; all teaching and program-
matic experience is conducted at the home institution/sim-
ulation center).   

   Facilities 

 A simulation center sponsoring a simulation fellowship 
should be able to host a wide variety of simulation technolo-
gies and teaching approaches, offering experience both in the 
laboratory and in situ within a clinical/hospital setting. A fel-
low should also have a dedicated work space which can be 
provided by the simulation laboratory or within an af fi liated 
clinical department.  
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   Funding 

 The number of fellowship positions offered may be determined 
by a variety of factors, including availability and structure of 
funding, teaching volume, faculty oversight, and clinical place-
ment opportunities. For example, some programs can accom-
modate two fellows per year, while others will accommodate 
one every other year based on a 2-year fellowship cycle. 

 Funding of the fellowship is also dependent on the local 
environment. One common option is to have the fellow work 
a reduced/part-time clinical load at the attending salary rate. 
This is often estimated at between 20 and 50%, or 1–2+ 
 clinical days, with the caveat that more clinical time trans-
lates to more income but less focus available for fellowship 
work. To mitigate, additional stipend funds can be added to 
prioritize funding for the simulation fellowship work. That 
stipend can come from multiple sources, whether from the 
simulation center funds, grant work, or other institutional/
departmental allocations. The size of that stipend will vary 
by program and funding source and depends on availability 
and/or desirability of clinical practice as part of an integrated 
fellowship model. 

 While some institutions choose to segregate clinical 
appointments from academic fellowship roles (i.e., a fellow 
in medical simulation can also work as an attending physi-
cian in their area of board preparation/certi fi cation), others 
do not. This precludes a salary model supported by clinical 
work. Extending the academic stipend model above, another 
option is to pay the fellow the corresponding postgraduate 
trainee salary rate which would be supported by dedicated 
academic fellowship funds. For example, if the fellow has 
just completed a 4-year residency, they would now be con-
sidered a PGY-5 and paid the corresponding institutionally 
approved salary rate.  

   Obtaining Support 

 Internal support of all stakeholders for the fellowship needs to 
be gathered to ensure a successful program. These stakeholders 
include fellows, clinical department leadership, graduate medi-
cal leadership, and simulation faculty. While simulation/educa-
tion fellowships by their very nature are not ACGME eligible, 
many institutions will have an oversight and “accreditation” 
pathway for nonclinical fellowships that is very helpful in 
establishing and maintaining a simulation training program.  

   Administration 

 While some fellowships will be highly structured, others 
will be more  fl exible. In alignment with the principles of 

   Table 42.3    Template of a 1-year simulation fellowship   

 July  Orientation to the simulation laboratory, hospital, 
clinical department, and medical/nursing school 
 Help with simulation-based orientation activities 
for new hospital trainees and house staff 

 August  Mentored teaching in simulation-based orientation 
activities for new medical/nursing students 

 September  Mentored teaching in simulation activities 
(simulation laboratory and in situ) 

 October  Attend the 1-week Institute for Medical 
Simulation Comprehensive Workshop (Center for 
Medical Simulation, Boston, MA)  [  9,   10  ]  
 Mentored teaching in simulation activities 
(simulation laboratory and in situ) 

 November  Supervised simulation teaching (simulation 
laboratory and in situ) 

 December  Supervised simulation teaching (simulation 
laboratory and in situ) 

 January  Attend 2-week winter session for the Harvard 
Macy Institute’s Program for Educators in the 
Health Professions (Harvard Medical School and 
Graduate School of Education, Boston, MA) 
 [  11,   12  ]  
 Attend the Society for Simulation in Healthcare’s 
International Meeting on Simulation in Healthcare 

 February  Start academic teaching practicum through the 
MGH Institute of Health Professions (a graduate 
school founded by Massachusetts General 
Hospital). This semester-long activity can be done 
by distance for nonlocal fellows. In combination 
with the Institute for Medical Simulation and 
Harvard Macy Institute course offerings (above), 
completion of this practicum quali fi es the fellow 
for the graduate school’s Certi fi cate of Teaching 
and Learning with a Concentration in Healthcare 
Simulation 
 Lead simulation teaching activities (simulation 
laboratory and in situ) 

 March  Lead simulation teaching activities (simulation 
laboratory and in situ) 
 Continue teaching practicum course 

 April  Lead simulation teaching activities (simulation 
laboratory and in situ) 
 Continue teaching practicum course 

 May  Attend 1-week spring session of the Harvard 
Macy Institute’s Program for Educators in the 
Health Professions 
 Lead simulation teaching activities (simulation 
laboratory and in situ) 
 Complete teaching practicum course and earn 
graduate-school level Teaching and Learning 
Certi fi cate 

 June  Lead simulation teaching activities (simulation 
laboratory and in situ) 

  During the year fellows are also required to attend weekly simulation 
laboratory operations meetings and a monthly simulation education and 
research forum; individual scholarly work is planned in collaboration 
with program faculty and extended to a second year focus (often with 
initiation or extension of Master’s degree coursework) for those fellows 
wishing to concentrate on educational research  
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adult learning that focuses on making the learning rele-
vant to the learner, some fellows will manage their own 
learning throughout the fellowship. A simulation director 
will always guide the fellow and advise which activities 
would be higher yield than others; but in the more  fl exible 
model, the fellowship period is inherently time for discov-
ery learning. The administrative structure of the fellow-
ship is typically straightforward with the simulation center 
director often also serving as the fellowship director and 
mentor, and af fi liated simulation community providing 
faculty support. As the fellow gains experience, they may 
assume supervised administrative and leadership roles 
within the group.  

   Anticipating Barriers 

 Taking steps to prevent obstacles will lessen foreseeable bar-
riers to the program. Support of the simulation center, respec-
tive clinical departments, and hospital are crucial. An internal 
(institutional) application process for fellowships can be very 
helpful in gathering feedback and support. Those fellows who 
integrate clinical work into the fellowship will need the same 
level of clinical supervision and mentorship as any new fac-
ulty member and must be allocated the same level of 
support.  

   Introducing the Curriculum 

 For new programs, one common approach is to introduce the 
curriculum and pilot the  fi rst year with an internal candidate. 
This allows the fellowship to have an initial incumbent that 
is known and familiar with local culture and practice and can 
take maximum advantage of existing resources; this individ-
ual can also provide critical insight into institution-speci fi c 
opportunities and challenges as the program expands.   

   Evaluation and Feedback 

 A robust program with a systematic approach incorporates 
thoughtful assessment of the fellow and faculty, as well as 
evaluation of the program. 

   Assessment 

 The fellow should receive formative feedback as often as 
possible throughout their training. This feedback can be from 
the fellowship director, faculty, simulation technicians, and 

simulation participants. Summative assessment likely would 
be in the form of 6-month or yearly evaluation forms that are 
completed by the fellowship director and faculty. The fellow 
should be advised to start a teaching portfolio to keep track 
of their instructional assessments/evaluations. Meetings 
should be planned every 6 months for discussion of the fel-
low’s progress.  

   Program Evaluation 

 Multiple sources of fellowship program evaluation can be 
employed. The most immediate sources of evaluative infor-
mation are from evaluation forms that fellows and faculty 
complete. Tracking the fellows’ scholarship, awards, leader-
ship positions, and promotions both during and after fellow-
ship is also helpful in gauging the impact of fellowship work.   

   Conclusion 

 As the  fi eld of medical simulation grows, there is increasing 
demand for experts and leaders in the  fi eld. Simulation fel-
lowships are one venue for intensive training and faculty 
development for a focused academic career. As more simula-
tion fellowships and associated training opportunities are 
offered in the USA and abroad, a well-trained community of 
simulation leaders will increasingly be available to help 
guide and sustain the  fi eld.      
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          Introduction 

 The purpose of all simulations is to gain insight – insight 
about the nature of disease progression, about the ef fi cacy of 
interventions or treatments, or even insight about one’s own 
assumptions, decisions, or performance gaps – and to re fl ect 
on teamwork, decision making, and communication. The art 
and science of creating such learning environments in the 
health professions has evolved. Explicit learning outcomes 
include a spectrum of competencies from the demonstration 
of skills and compliance with algorithms and protocols to 
effective participation in an interprofessional team to provide 
comprehensive care in various settings  [  1  ] . 

 For even seasoned educators, managing such an array of 
learning experiences requires special preparation in the form 
of faculty development or formal education in specialized 
“simulationist” courses. These courses go beyond the intro-
ductory level of faculty development that can be offered in 
single-session courses. Some of the courses are more immer-
sive and comprehensive than others, exploring pedagogical 
principles such as adult and experiential learning to create 
evidence-based learning environments and providing meth-
ods to contribute knowledge to the  fi eld through systematic 
research. Most of the latter courses are emerging within 

institutions of higher education and offer credit and possibly 
academic credentials or degrees. 

 Previous chapters focused on formal education training for 
medical students, residents and fellows. This chapter offers 
an  overview of the increasing value placed on educational 
 competencies of simulation instructors for the practicing 
healthcare provider. We will review a sampling of currently 
available specialized courses and describe future directions in 
faculty development for simulation-based education.  

   Calls for Educational Reform Toward 
Simulation-Based Learning 

 There has been an increasing call for health profession educa-
tion reform include the need for evidence-based teaching tech-
niques rather than relying on clinical expertise alone  [  2–  4  ] . 
Traditionally, healthcare providers lacked formal training in 
education. Although it was assumed that practitioners would 
naturally be effective educators, this is not generally the case. 
The Accreditation Council for Graduate Medical Education 
(ACGME) has emphasized the importance of communication 
and teaching and requires all training programs to create an 
environment that fosters students as educators  [  5  ] . As is the 
case in clinical practice, the adage, see one, do one, teach one, 
is no longer valid when one is discussing teaching skills. In 
addition clinical instruction had been based on teaching cases 
used by veteran faculty. As grant funded simulation centers 
started appearing in the past decade, these cases were often 
recreated with mannequin simulators. Simulation sessions 
were focused on programming the mannequins to mirror the 
physiology of the clinical cases. Clinical expertise is not 
entirely suf fi cient to claim competence in this new and unique 
environment. Simulation-based educational experiences tend 
to be stressful for participants, complex for instructors, and 
have an emotional component for learners. They are focused 
on changing learner behaviors, including fostering re fl ective 
practitioners, and require that participants be debriefed. This 
requirement for debrie fi ng is not only an  educationally sound 
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practice (see Chaps.   6     and   7    ) but also has an ethical compo-
nent, i.e., unlike the clinical environment wherein patients are 
subject to many forces beyond the control of the educator. 
Instructors using simulation purposely put learners in dif fi cult 
events and thus have a moral obligation to do their best to 
leave the learner well-informed about what happened and 
emotionally sound. These considerations and others have 
resulted in current demand for the infusion of educational 
expertise to improve educational ef fi cacy in simulation envi-
ronments  [  6  ] . 

 Beginning with a shifting focus away from the technology 
(i.e., technical aspects of the simulator and complementing 
equipment), toward the techniques (pedagogy, learning the-
ory)  [  1  ] , desired learning outcomes have been de fi ned with 
increasing complexity from successful completion of tasks 
or skills to effective performance within an interprofessional 
team. Due to the need to thoughtfully create such complex 
learning environments and to ensure that effective learning 
occurs in this new and powerful setting, specialized courses 
are being developed and provided for faculty development. 

 In 2005, Pamela Jeffries described a framework for imple-
menting and assessing simulation within nursing education. 
She called for additional research to substantiate the prereq-
uisite educator competencies for this growing teaching 
modality  [  7  ] . On the occasion of the 100th anniversary of the 
Flexner Report  [  8  ]  and the Goldmark Report  [  9  ] , which 
called for a scienti fi c basis and approach to medical and 
nursing education, various studies were conducted to gauge 
the current progress in these  fi elds. Two recent manuscripts, 
from the Lancet commission and the Carnegie Foundation, 
resulted in calls for further reform in healthcare education. 

 The Lancet commissioned report,  Health professionals 
for a new century :  transforming education to strengthen 
health systems in an interdependent world   [  4  ] , identi fi ed 
problems requiring a redesign of the professional health edu-
cation system. The report goes on to say that simulation-
based education may be one potential solution to the 
problems. Identi fi ed barriers to effective healthcare included 
(1) a mismatch of competencies to patient needs, (2) incon-
sistent teamwork skills, (3) too narrow a focus on technical 
skills without broader contextual understanding, and (4) the 
tendency of the various professions to act in isolation from 
each other, risking communication and continuity errors. 

 Similarly, the Carnegie Foundation for the Advancement 
of Teaching reports on nursing and physician education 
called for improved pedagogy, which could be increased 
through the use of simulation as a complementary teaching 
strategy. Speci fi cally, the report  Educating Nurses :  A Call 
for Radical Transformation   [  2  ]  called for a radical rethinking 
about how to better integrate classroom teaching with clini-
cal practice. Also, the report  Educating Physicians :  A Call 
for Reform of Medical School and Residency   [  3  ]  called for 
incorporating early clinical experiences into medical educa-
tion and offering more opportunities for medical students to 

train in teams with nursing and other health profession 
students. 

 In summary, emerging literature is calling for ef fi cient 
integration of clinical experiences early in the educational 
process that is more interprofessional and team-base focused. 
Simulation-based education offers consistent clinical learn-
ing experiences without increasing patient risk and, if man-
aged correctly, offers a psychologically safe and supportive 
learning environment for the trainees. Creating such learning 
environments requires a specialized skill set. Therefore, the 
need for infusion of improved and broadened educator skills 
is needed to optimize simulation-based learning. This need is 
creating a demand for specialized courses in simulation-
based education in the context of the health professions.  

   Toward Standardized Educator Competencies 

 Expert clinicians are not by default expert educators. Educator 
competencies include a range of skills such as the ability to 
identify cognitive, psychomotor, and affective learning out-
comes; knowing how to effectively teach different materials 
to different types of learners; and understanding how learners 
learn are not innate skills. These competencies need to be 
practiced and coached, just like any other professional train-
ing program, to result in knowledgeable and effective educa-
tors. Very few health profession schools provide their 
clinicians with a structured curriculum on learning theory and 
practices such as learning in an experiential context, design-
ing courses and curricula, teaching techniques, learning out-
come assessment, program assessment, and improvement. 
Moreover, very few health profession schools’ clinical curri-
cula provide information and insight into human factors, 
teamwork, organizational behavior, and social psychology. 
The knowledge of these concepts is vital for instructors so 
they are capable of teaching these important behavioral 
aspects of clinical care to their learners. 

 Existing programs to educate health professions faculty 
have mostly been oriented to single discipline and single 
specialty training. There are a signi fi cant number of mas-
ter’s level programs in nursing education and a growing 
number of physician or specialty-speci fi c programs for phy-
sician educators. Each has developed their own program 
outcomes, but there is a paucity of coordinated literature 
describing the competencies of health profession educators 
in general, thus leaving little guidance for the simulation-
based educator. As recently as 2006, published program 
development strategies for increasing simulation-based edu-
cation did not include consideration for faculty development 
needs  [  10  ] , but instead focused on curriculum development 
and organizational infrastructure including equipment 
acquisition. 

 Some organizations have begun efforts to de fi ne educator 
expectations with varying degrees of speci fi city. While some 
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organizations de fi ned the role of the educator as extrinsic and 
often not as content expert  [  11  ] , other organizations have 
begun moving toward increasing the professional develop-
ment for the existing clinician faculty in the areas of educator 
competency  [  12,   13  ] . 

 Two interprofessional efforts underway are from the 
Society for Simulation in Healthcare (SSH) and the US 
Veteran’s Administration (VA). The SSH has started a pro-
cess of certifying simulation instructors  [  14  ] . Other organi-
zations have been cooperating with the effort including the 
Australian Society for Simulation in Healthcare, 
the Association for Standardized Patient Educators, the 
International Nursing Association for Clinical Simulation 
and Learning and the Society in Europe for Simulation 
Applied to Medicine. The general topical areas are consis-
tent with the simulation-based educator competencies 
described by the VA  [  15  ] , on their SimLEARN Web page 
under the heading “General Competencies for 
SimInstructors.” The areas include (1) program administra-
tion, (2) instructional skills, (3) technical skills for the simu-
lation equipment, (4) curriculum planning and session 
design, and (5) assessment of learning and evaluation of 
program effectiveness. As these simulation-based instructor 
competencies are vetted, published, and validated, profes-
sional development activities for instructors, be it confer-

ence sessions, multiday CME courses, or formalized 
graduate programs in academia, may begin to align their 
curricula with these competencies.  

   Specialized Instructor Courses for 
Simulation-Based Teaching and Learning 

 Recently there has been an emergence of specialized 
 simulation-based educator courses that aim to integrate evi-
dence-based teaching practices into the simulated cases. 
Some are multiday faculty development or continuing edu-
cation (CE) courses within existing simulation centers, while 
others are emerging as formal courses in institutions of 
higher education such as certi fi cate programs or even con-
centrations in degrees programs. In this chapter we review 
only the multiday courses and graduate-level courses. [See 
Chap.   44     for descriptions of single-session offerings from 
SSH, INACSL, SESAM, etc.] 

 Examples of existing multiday CE programs for faculty 
development and instructor training can be seen in those 
offered by active simulation centers, often as part of their 
ongoing faculty development offerings. Typically, these pro-
grams are on-site, intensive experiences with established and 
well-de fi ned learning outcomes (see Table  43.1 ). Most offer 

   Table 43.1    Sample multiday continuing education instructor courses   

 Name of course  Location  Collaborating simulation center  Approx. length 

 Institute for Medical Simulation 
(IMS): Comprehensive Instructor 
Course 

 Boston, MA  Center for Medical Simulation (CMS)  5 days 

 Improving Simulation Instructional 
Methods (ISIM) 

 Pittsburg, PA  Winter Institute for Simulation Education and 
Research (WISER) 

 3 days 

 Train the Trainer  Bristol, UK  Bristol Medical Simulation Center  2 days 
 International Workshop  Tel Hashomer, Israel  Israel Center for Medical Simulation (MSR)  5 days 
 Instructor Training Course  Sydney, Australia  Sydney Clinical Skills and Simulation Center  2 days 
 Center for Immersive and 
 Simulation-Based Learning (CISL) 
Instructor Course 

 Stanford, CA  Center for Immersive and Simulation-based 
Learning (CISL) Stamford Medical School 

 2.5 days 

 Certi fi cate in Simulation  Philadelphia, PA  Drexel College of Nursing and Health Professions  5 days 
 Australian Simulation Educators and 
Technician Trainers (AusSETT) 

 Rotating locations 
within Australia 

 Monash University (lead), The University of 
Melbourne, Edith Cowan University, Flinders 
University, The University of Queensland and 
Queensland Health 

 3 days 

 Coordinated Approach to Simulation 
Training (CAST) 

 East Bentleigh VIC, 
Australia 

 Southern Health Simulation Center, Monash 
Medical Center 

 5 days 

 Instructor Development: Simulation-
Based Education Design and 
Debrie fi ng 

 Rochester, MN  Mayo Clinic  3 days 

 Certi fi cate in Simulation  Philadelphia  Center for Interdisciplinary Clinical Simulation and 
Practice, Drexel University College of Nursing and 
Health Professionals 

 5 days 

 The Basic EuSim Simulation 
Instructor Course and the Advanced 
EuSim Simulation Instructor Course 

 Copenhagen, 
Tuebingen, Bilthoven, 
London 

 Danish Institute for Medical Simulation (DIMS), 
Center for Patient Safety and Simulation (TuPASS), 
BARTS and The London NHS Trust 

 3 days 

 Keystones of Healthcare Simulation 
Certi fi cate 

 Toronto, Canada  SIM-One, Ontario Simulation Network, University 
of Toronto and Waters Family Simulation Center 

 Three multiday courses 
and presentation at 
conference required 

http://dx.doi.org/10.1007/978-1-4614-5993-4_44
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overviews in teaching and learning theory, introduction to 
simulation-based learning, orientation to the equipment, 
debrie fi ng fundamentals, and management of common prob-
lems and offer hands-on opportunities to practice.  

 Signi fi cantly, many of the centers have developed dis-
tinct principles and philosophies around creating learning 
environments (such as psychological safely), unique 
debrie fi ng approaches, and professional development path-
ways leading to further opportunities for instructor devel-
opment. Each has access to faculty from within or from 
af fi liated institutions. Selection of the appropriate course 
should be based on matching these characteristics with the 
participant’s needs. 

 For those instructors and faculty who aspire a deeper 
understanding of the practice and scholarship of simulation-
based education, there are graduate-level courses resulting in 
certi fi cates and master’s degrees, with speci fi c focuses on 
simulation-based education. Although many schools of edu-
cation allow student projects in the context of health profes-
sions and even simulation-based education, only recently are 
master’s degrees being offered with explicit concentrations 
or emphasis available in healthcare simulation. 

 A few accredited institutions of higher education are now 
offering graduate-level credit and certi fi cates of advanced 
studies in simulation-based education. A few examples of 
such programs that are situated in graduate schools are found 
in Table  43.2 .  

 Some of the courses are completely or predominantly 
online while other courses are on-site intensives. Some 
certi fi cate programs require a mentored practicum, while 
others do not. Finally, many instructors and faculty are 
seeking to formalize their study of education by pursing a 
master’s level program in health professions education, 
where they can study the effective use of simulation-based 
 teaching. A few such programs are now emerging (see 
Table  43.3 ).  

 Some of these programs are designed to pipeline or prog-
ress from center-based intensive experiential-based instruc-
tor training courses to articulate into master’s degree 
requirements. Again, a thoughtful assessment of possible 
career paths will help a participant choose between programs 
by taking into account the various access points and potential 
for further study. Examples of articulated programs that are 
designed to encourage progression include the London 

   Table 43.2    Graduate certi fi cate programs   

 Name of certi fi cate 
 Institution of higher 
education 

 Collaborating 
simulation center 

 Credit 
requirements  Format 

 Practicum 
required  Comments 

 Certi fi cate in Simulation 
Education 

 BryanLGH College 
of Health Sciences 

 (own)  9 credits  Online  No 

 Teaching and Learning 
Certi fi cate with 
Concentration in 
Healthcare Simulation 

 MGH Institute of 
Health Professions 

 Center for 
Medical 
Simulation 

 9 credits  Hybrid–online theory 
course, on-site 
instructor course, and 
practicum 

 Yes, (50 h 
hands-on) 

 Graduate Certi fi cate in 
Clinical Simulation 

 Monash University  (own)  24 credit 
points 

 Yes  1 year part-time 

 Postgraduate Certi fi cate 
in Medical Simulation 

 University of 
Bedfordshire and 
Hertfordshire 
Medical School 

 London Deanery 
and Butter fi eld 
Park Simulation 
Center 

 Various based 
on level 

 Hybrid–online 
modules with on-site 
intensives 

 Four contact 
days per 
term 

 Two units over 
two terms required 

   Table 43.3    Degree programs specializing in simulation-based education   

 Institution  Degree 
 Simulation concentration 
requirements  Length (credits)  Collaborating center 

 New York College of 
Osteopathic Medicine of 
New York Institute of 
Technology 

 Master of Science in 
Medical/Health Care 
Simulation 

 Common focus 
throughout the program 

 Part-time (44 credits)  NYCOM/NYIT’s 
Institute For Clinical 
Competence 

 Vanderbilt School of 
Medicine 

 Master of Health 
Professions Education 

 2 semester hours 
(available as elective) 

 2 years (36 h)  Center for Experiential 
Learning (CELA) 

 MGH Institute of Health 
Professions 

 Master of Science in 
Health Professions 
Education 

 6 semester credits 
(available as 
concentration) 

 1 year full time or 2–4 years 
part-time (33 credits) 

 Center for Medical 
Simulation (CMS). 

 London Deanery and the 
Institute of Education of the 
University of London 

 MA in Technology and 
Simulation in Clinical 
Practice 

 Common focus 
throughout the program 

 1 year full time, or 2–4 years 
part-time 
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Deanery/University of London program and the Massachusetts 
General Hospital Institute of Health Professions program in 
Boston. Both programs explicitly articulate from graduate-
level certi fi cate courses, often in the form of several days 
intensive and immersive training, which count toward future 
master’s degree requirements. 

 Such articulation programs are possible where a regional 
collaboration has been formed between centers for profes-
sional development offering specialized courses and insti-
tutions of higher education. As with any degree program in 
higher education, a formal application and admissions pro-
cess would be required for the degreed program. As most 
certi fi cate program enrollees are not ready to commit to a 
master’s degree program during certi fi cate requirement 
completion, a separate application process for matriculation 
into the degree program would be required. Most master’s 
degree programs are based on education degree models, so 
the curricula include courses beyond the practical aspects 
of simulation-based teaching such as the fundamentals of 
adult learning, research methods in education, technology 
in education, learning outcome assessment, course and pro-
gram design and evaluation, leadership and organizational 
change, and scholarly writing. Master’s programs in medi-
cal education or nursing education have seen steadily 
increasing enrollments over the past decades; however, the 
infusion of simulation as a concentration or focus has been 
considered innovative and is relatively new in the USA as 
evidenced by the very few programs that explicitly offer 
such a focus.  

   Future Directions 

 There is broad recognition that educational expertise is a 
requisite skill to run simulation-based learning activities 
and that clinical expertise alone is no longer suf fi cient. 
Additionally, simulation is likely to become increasingly 
central in both prelicensure  [  16  ]  and postlicensure pro-
grams, driving the need for concurrent improvement in 
instructor competencies on all levels. Continued develop-
ment of collaborations and partnerships between clinical 
simulation centers and formal health professions educator 
programs to increase the quality of educational outcomes 
through education and research is now an imperative. The 
 fi eld of simulation-based interprofessional education is also 
ripe for intensi fi ed collaboration with other  fi elds such as 
cognitive and social sciences, organizational behavior, 
human factors, aviation, games, education, aviation, and 
the military. As evidence-based teaching continues to 
develop, continuing innovations should be tied closely to 
outcomes assessment and scholarship of teaching and 
learning.  

   Conclusion 

 As specialized courses for instructor training grow in num-
ber, increased vigilance toward de fi ning educator competen-
cies will be required in order to promote incorporation of 
best practices in simulation education. Most importantly, an 
increased demand for evidence-based teaching and learning 
practices should drive progress toward future innovations in 
simulation-based education and support for research. Funding 
of such educational initiatives should be prioritized as the 
scholarship of teaching and learning is focused on the critical 
task of program development and evaluation.      
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          Introduction 

 Every healthcare professional has an ethical obligation to 
maintain competency and provide the best evidence-based 
care available  [  1–  3  ] . Healthcare professionals do not discon-
tinue their education at the end of their formal training, but 
frequently renew their pro fi ciencies throughout their careers, 
learning and updating cognitive knowledge, psychomotor 
skills, and teamwork techniques. This chapter will review 
continuing education accreditation and oversight, examine 
the necessary criteria for CE development, and present avail-
able simulation-based CE opportunities. Speci fi cally, the 
content development process used for the Society for 
Simulation in Healthcare’s (SSH) International Meeting on 
Simulation in Healthcare (IMSH) will be highlighted as an 
example of the processes and considerations involved in 
developing healthcare CE offerings.  

   Continuing Education Accreditation 

 The purpose of continuing education is to advance the knowl-
edge and skills of professionals delivering care. Educational 
programs are offered on many topics, but not all educational 

programs qualify for continuing education credits. In order 
to receive CE credit, the activity/program must meet strict 
standards set forth by various accrediting organizations. 
Most healthcare disciplines have an accrediting organization 
(Table  44.1 ) that oversees continuing education. Accrediting 
organizations seek to assure the public that healthcare educa-
tion is independent, free from commercial bias, based on 
valid content, and effective in improving the quality and 
safety of patient care  [  1,   2  ] .  

   Accreditation Council for Continuing Medical 
Education (ACCME) 

 The ACCME, founded in 1981, is a nonpro fi t corporation 
based in Chicago, Illinois  [  1  ] . The ACCME accreditation 
system provides accreditation to US institutions that offer 
continuing medical education (CME) to physicians and other 
healthcare professionals. The mission of the ACCME is “the 
identi fi cation, development, and promotion of quality con-
tinuing medical education utilized by physicians in their 
maintenance of competence and incorporation of new knowl-
edge to improve quality medical care for patients and their 
communities”  [  1  ] . 

 Participation in accredited CME assists physicians in 
meeting the requirements for maintaining licensure, main-
taining board certi fi cation specialties, credentialing, sus-
taining membership in professional societies, and 
upholding other professional privileges. State medical 
boards vary in the speci fi c number of CME hours required 
for license renewal. While some states have no CME 
requirements for license renewal, others require up to 50 
credits per year  [  4  ] . Approximately 700 organizations are 
ACCME-accredited as CME providers, including medical 
schools, nonpro fi t physician organizations, healthcare 
delivery systems, publishing and education companies, 
government and military organizations, and insurance and 
managed-care companies. Approximately 23 million 
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healthcare professionals attend more than 125,000 ACCME 
activities/programs annually  [  1  ] .  

   The American Nurses Credentialing Center 
(ANCC) 

 The ANCC is the nation’s leader in accreditation of continu-
ing nursing education and provides standards to ensure qual-
ity programs. The mission of the American Nurses 
Credentialing Center is “to promote excellence in nursing 
and healthcare globally through credentialing programs”  [  2  ] . 
ANCC has both accredited providers, which are organiza-
tions that provide their own continuing education activities, 
and accredited approvers, which are organizations that 

approve continuing education activities for nonaccredited 
organizations. Nursing CE requirements for license renewal 
also varies by state.  

   Accreditation Council for Pharmacy Education 
(ACPE) 

 The ACPE establishes the standards for the education of 
pharmacists  [  3  ] . In 1975, the ACPE started accreditation for 
continuing pharmacy education. The Board of Directors of 
the ACPE is chosen from the American Association of 
Colleges of Pharmacy, the American Pharmacist Association, 
the National Association of Boards of Pharmacy, and the 
American Council on Education. A list of ACPE accredited 
providers can be found on the ACPE website (  https://www.
acpe-accredit.org    ).  

   Joint Accreditation 

 These three organizations, the ACCME, ANCC, and ACPE, 
have collaborated to develop a joint accreditation opportu-
nity for providers, granting a Provider of Interprofessional 
Continuing Education designation to qualifying entities. 
Organizations that retain this accreditation may also offer 
continuing education credit for physicians, nurses, or phar-
macists separately.      

   Table 44.1    Accreditation agencies   

 Profession  Accrediting CE organization 

 Physicians  Accreditation Council for Continuing 
Medical Education (ACCME) 

 Nurses  American Nurses Credentialing Center 
(ANCC) 

 Pharmacists  Accreditation Council for Pharmacy 
Education (ACPE) 

 Respiratory care  American Association of Respiratory 
Care (AARC) 

 Paramedics/emergency 
medical services (EMS) 
personnel 

 Continuing Education Coordinating 
Board for Emergency Medical Services 
(CECBEMS) 

  Steps in Planning Simulation-Based CE Activities 
 The planning steps for providing continuing education 
are similar across most of the healthcare disciplines.
    1.    Assess learner needs and professional practice gaps. 

Learner needs are assessed by various methods, includ-
ing surveys of the target audience, self-recognition 
through pretesting, clinical quality indicators, focus 
groups, and literature and regulatory review, just to 
name a few. A practice gap will exist when new evi-
dence or guidelines are released that require learners to 
update their knowledge  [  5  ] .  

    2.    Identify the learner population. The learner’s stage of 
professional development and area of specialty will 
de fi ne the scope and content of the CE activity  [  5  ] . 
Some activities are designed for a single discipline, 
while others are developed with an interprofessional 
focus.  

    3.    Create a planning committee. The planning committee 
should consist of the following: a planner from each 
discipline represented within the learner population, 

an education specialist, a content expert, and a mem-
ber of the target audience. If ANCC credits are being 
offered, a nurse planner must also participate in plan-
ning the CE content  [  2  ] .  

    4.    Identify learning objectives for the activity. The plan-
ning committee will develop overall goals for the edu-
cational program as well as speci fi c objectives that 
address identi fi ed learner gaps. Each individual activ-
ity will have speci fi c learning objectives containing an 
action component, a subject component, and a measur-
able outcome.  

    5.    Develop a budget. A budget, developed early in the 
process, will guide the planning committee on how 
much can be spent on faculty, printing, audiovisual 
needs, room fees, etc. Also, if expected revenue is 
intended to cover expenses, a budget will assist in set-
ting registration fees.  

    6.    Develop activity content and corresponding learning 
formats. Content for the educational activity is devel-
oped under the direction of the planning committee. 

https://www.acpe-accredit.org/
https://www.acpe-accredit.org/
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   Providers of Continuing Education 
in Healthcare Simulation 

 Listed below are some of the major national and international 
interdisciplinary organizations that provide continuing edu-
cation in simulation. 

   Society for Simulation in Healthcare (SSH) 

 The Society for Simulation in Healthcare (SSH) is the world’s 
largest professional organization representing the  fi eld of 

healthcare simulation. The society is multidisciplinary, rep-
resenting all  fi elds and specialties in healthcare. 
 The society  fi rst convened in 1995 and 1996 in Rochester, 
NY, as a group of anesthesia educators interested in 
 simulation. The society of fi cially came into existence in 
1998 and 1999 at a joint conference with the Society for 
Technology in Anesthesia (STA). Known as the International 
Meeting on Medical Simulation (IMMS), early organizers 
broadened the scope of the conference to include other medi-
cal specialties and healthcare providers. At the time, the 
meeting was small with between 100 and 250 participants. 
The IMMS continued as part of STA for several more years, 

The planning committee is charged with developing 
targeted and effective content to provide interven-
tions for identi fi ed learner gaps. Content can be 
developed in a number of ways, but it is always under 
the guidance of needs-based assessment  fi ndings. 
Instructional strategies, delivery methods, learner 
feedback mechanisms, and the learning resources/
modalities are all components of the content develop-
ment process.  

    7.    Select facilitator/faculty. The course director and fac-
ulty are instrumental in developing the speci fi c learn-
ing objectives, cases, prerequisites, and evaluation 
methods for the learning activity. Thus, the selected 
faculty participants should be content experts speci fi c 
to the discipline and knowledgeable of the overall 
goals of the learning activity.  

    8.    Resolve potential con fl icts of interest. Disclosures of 
 fi nancial interest should be obtained from all activity 
planners and presenters to identify existing  fi nancial, 
professional, or personal relationships with entities 
producing healthcare or simulation-related goods and 
services. Those relationships must then be assessed to 
determine if the potential exists for commercial bias in 
the educational activity  [  6  ] .  

    9.    Create the evaluation methods. The planning commit-
tee and faculty will plan, design, and review evaluation 
tools and methods. Most CE activities use an evalua-
tion survey, or “happy sheet,” to capture the reaction of 
the learners which is the lowest of Kirkpatrick’s levels 
of evidence  [  7  ] . Faculties are encouraged to  fi nd ways 
to evaluate learner changes in knowledge and behav-
ior. Knowledge acquisition can be measured by pre- 
and posttests of participants, as well as through 
observations. Behavior changes are more dif fi cult to 
measure because the desired changes typically occur 
over time.  

    10.    Apply for CE credit through an accredited approver. If 
an organization is not accredited, but wishes to provide 
continuing education activities, CEUs can be obtained 
through an application process to an accredited approver. 
A list of accredited approvers can generally be found on 
each accrediting organization’s website  [  1–  3  ] . When 
applying for CE through an accredited approver, the 
lead planner for the educational activity is required to 
complete an application process and provide supporting 
documentation, fees, and post-activity documents. The 
sponsoring organization can choose to offer CE credits 
for one or multiple disciplines. If applying for ANCC 
credits, a lead nurse planner must be identi fi ed.  

    11.    Promote and advertise the activity. After the activity 
is planned and the CE credits are approved, promo-
tion of the program occurs. A cost-effective way to 
promote the CE activity is through emails to target 
audience members and on Internet websites.  

    12.    Implement activity logistics. The planning committee 
develops and implements the infrastructure for the 
entire educational activity. The logistical implementa-
tion of the learning activity is often assisted by meet-
ing coordinators and event professionals pro fi cient in 
handling educational activity management.  

    13.    Maintain activity records. Providing comprehensive 
reports about the learning activity process is essential in 
order to precisely detail all undertakings/actions associ-
ated with the activity. Thorough records include plan-
ning committee minutes, communication regarding 
content development and learner assessment, faculty 
disclosure statements, documentation of resolutions to 
identi fi ed faculty con fl icts of interest, industry support 
documentation of any  fi nancial or in-kind support given 
to the educational program, certi fi cates of attendance, 
participant and faculty listings,  fi nancial documenta-
tion, and  fi nal course promotional materials.     
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and participation steadily increased. It became evident to 
leaders that a critical mass had been reached and the time had 
come to establish an independent society. The Society for 
Simulation in Healthcare was of fi cially established in 2004. 

 The society annually hosts the largest international gather-
ing of simulation educators and researchers at its International 
Meeting on Simulation in Healthcare (IMSH). The annual 
offering in 2012 broke attendance records with over 3,100 
participants registered from 37 different countries. 

 The CE program designed for IMSH offers a comprehen-
sive selection of continuing education courses for healthcare 
simulation administrators, managers, educators, researchers, 
and simulation technicians. Over 300 individual courses are 
offered throughout the 5-day meeting. Each of these indi-
vidual learning activities is designed using the ACCME and 
ANCC criterion for the development of continuing education 
activities. Continuing education units (CEUs) are awarded 
after learner participation has concluded. 

 There are various learning formats offered at IMSH. The 
plenary sessions showcase leaders in healthcare simulation, 
as well as inspirational and innovative speakers who are on 
the cutting edge in related disciplines. Didactic lectures, 
expert panels, round table discussions, and hands-on work-
shops offer venues to accommodate varied learning styles. 
At IMSH are the immersive courses, in which faculty and 
learners re-create simulated learning environments, design 
and develop curriculum and delivery methods, train faculty, 
and perform various assessment techniques.  

   International Nursing Association of Clinical 
Simulation and Learning (INACSL) 

 The International Nursing Association of Clinical Simulation 
and Learning (INACSL) represents nurses working to pro-
mote research and evidence-based practice standards in clin-
ical simulation methods and learning environments. The 
annual conference of INACSL is a forum for nurse educa-
tors, researchers, nurse managers, and staff development 
professionals. A wide variety of course offerings provide a 
comprehensive curriculum in simulation education, research, 
practice, and administration  [  8  ] .  

   International Pediatric Simulation Society (IPSS) 

 The International Pediatric Simulation Society (IPSS) is an 
international, multidisciplinary organization dedicated to the 
practice and advancement of simulation-based education used 
in all subspecialties involved in the care of pediatric patients. 
The IPSS annual meeting, the International Simulation 
Symposia and Workshops (IPSSW), is the world’s largest 
gathering of professionals working in pediatric and perinatal 
simulation. The IPSSW held its  fi rst meeting in 2008 in 

Stockholm, Sweden, and, like other meetings in simulation, 
has since experienced a rapid growth in attendance  [  9  ] .  

   Society in Europe for Simulation Applied 
to Medicine (SESAM) 

 This multidisciplinary membership organization, formed 
in 1994  [  10  ] , encourages and supports the use of simulation 
in training and research. SESAM, primarily developed in 
Europe, includes members from all over the world. The orga-
nization includes members from a diverse spectrum of 
healthcare professionals including physicians and nurses 
from several specialties, technicians, engineers, psycholo-
gists, physicists, and biologists.  

   Association for Standardized Patient 
Educators (ASPE) 

 ASPE, formed in 1991, is the international organization for 
professionals in the  fi eld of simulated and standardized 
patient (SP) methodology. ASPE dedicates time and research 
to the advancement of SP research and related scholarly 
activities and works to establish and regulate standards of 
improved practice in patient-centered care  [  11  ] .   

   Specialty Organizations Providing 
Simulation-Based CE 

 There are other organizations that offer simulation as a com-
ponent of their continuing education content, some of which 
are brie fl y described below. This list is by no means inclusive, 
but it is designed to give the reader an idea of the breadth of 
simulation opportunities available in the medical community. 

   Society for Education in Anesthesia (SEA) 

 The SEA is a nonpro fi t educational organization for anesthe-
siologists who strive to enhance their abilities and scholarly 
endeavors in the  fi eld of education. Biannual meetings rou-
tinely include workshops and presentations focused on 
simulation.  

   American Society of Anesthesiologists (ASA) and 
the Post Graduate Assembly of the New York 
State Society for Anesthesiology (PGA) 

 These organizations, which comprise the largest annual 
meetings for anesthesiologists, offer workshops and immer-
sive courses utilizing simulation.  
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   Society of American Gastrointestinal 
and Endoscopic Surgeons (SAGES) 

 This society, dedicated to training gastrointestinal and endo-
scopic surgeons, offers a wide variety of simulation-based 
courses focused on the mastery of laparoscopic surgical 
techniques.  

   National League for Nursing 

 The NLN is dedicated to excellence in education for nursing 
leaders and educators. Several sessions at the NLN Annual 
Summit showcase the use of simulation in nursing education.   

   Private Providers of Simulation-Based 
Continuing Education 

 In addition to these national and international organizations, 
there are numerous opportunities to obtain CE credit from 
simulation centers around the country that offer courses 
speci fi cally for the simulation educator. Not all centers offer 
a comprehensive menu, and it may require investigation to 
 fi nd courses on speci fi c topics. Examples of several available 
course topics are generically described below. 

   Dif fi cult Airway Management 

 These courses generally run 1–2 days and emphasize the skills 
required to operate various airway adjuncts. Most of these 
courses utilize task trainers, but some include full-body man-
nequins and incorporate scenario-based training opportunities.  

   Maintenance of Certi fi cation in Anesthesiology 
(MOCA) 

 This 6- to 8-h course is offered by ASA-endorsed simulation 
programs (Simulation Education Network) (see Chap.   48    ) for 
anesthesiologists required to complete a simulation experience 
as part of the MOC. The course highlights the management of 
complex anesthetic situations and crisis resource management.  

   Instructor and/or Debrie fi ng Training 

 These courses prepare educators to develop, manage, teach, 
and assess the healthcare simulation program. Topics gener-
ally include behavior theory, adult learning concepts/meth-
odologies, debrie fi ng theories and strategies, program 
administration, program assessment, and program evaluation 
(see Chap.   43    ).   

   International Meeting on Simulation 
in Healthcare: A CE Exemplar 

 Planning for the Society for Simulation in Healthcare’s 
Annual International Meeting on Simulation in Healthcare 
(IMSH) begins 18 months prior to the actual date of the con-
ference. Nearly 200 volunteers and staff work to plan the 
most comprehensive international simulation continuing 
education conference in the world. 

 The  fi rst priority is to select the date and location. 
Historically, IMSH has been held in warm US cities, as the 
meeting always occurs in January. 

 The SSH Board of Directors selects three chairpersons to 
lead the IMSH Planning Committee after considering a slate 
of candidates recommended by previous planning commit-
tees and society leadership. Currently, there are three plan-
ning committee chairpersons: one physician, one nurse, and 
at least one ad hoc society member. Since the SSH has an 
international focus, at least one chairperson must reside out-
side of the USA. Early selection of these chairpersons allows 
time for mentoring and orienting the chairpersons to the 
IMSH planning process. Both outgoing and incoming chairs 
meet at the conclusion of IMSH to begin the planning for the 
next year. The IMSH chairs conduct weekly conference calls 
and hold several face-to-face meetings throughout the year. 
Meetings also include society staff members, as well as a 
member from the SSH Meeting Oversight Committee. A 
liaison from the SSH Education Committee and the SSH 
Research Committee is also assigned to assist in the planning 
process. The SSH Of fi ce of Continuing Education guides the 
planning process throughout the year. 

 Annually, the SSH Education Committee conducts a 
needs assessment for members regarding their educational 
requests/preferences by sending an electronic survey to all 
members of SSH. The Education Committee also summa-
rizes the IMSH evaluations from the previous annual meet-
ing. Faculty members who receive high ratings and positive 
comments will be encouraged to submit course proposals for 
the next meeting. Since meeting participants have options on 
which sessions to attend, those sessions with high attendance 
numbers are also considered to be effective and valuable. 
Other member needs are identi fi ed by noting common themes 
on the Society Listserv, recently published SSH journal arti-
cles, and by the identi fi cation of quality issues arising in the 
healthcare  fi eld. The Special Interest Groups (SIGs) of SSH 
are also involved in this process to assure that medical spe-
cialty needs are represented at the meeting (Table  44.2 ).  

 All needs assessment data is summarized and forwarded 
to the IMSH Planning Committee. The summary report 
includes an itemized list of the major curriculum categories 
that should be used to organize the content and the relative 
percentages of basic to advanced content that should be 
included in the report. The report becomes a blueprint for the 
 fi nal educational program. Content for IMSH is organized as 

http://dx.doi.org/10.1007/978-1-4614-5993-4_48
http://dx.doi.org/10.1007/978-1-4614-5993-4_43
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a curriculum of key simulation subjects, enabling learners to 
 fi nd the courses they need most (Table  44.3 ). These catego-
ries, identi fi ed through the needs assessment process, change 
annually as learners’ needs change.  

 It is during this organizational phase that the IMSH chair-
persons appoint the full planning committee (Table  44.4 ). A 
section chair is appointed to manage the content for each of 
the educational course and scienti fi c content format types. In 
addition, several co-chairs for each section are added to com-
prise a total planning committee of well over 50 volunteers.  

 In March, the planning committee chairs select the ple-
nary speakers and theme for the meeting. A preliminary bud-
get for the meeting is developed. Society members receive 
the  fi rst of many announcements with information distrib-
uted via IMSH. 

 Each year on April 1st, the content submission database is 
opened for electronic entry of course proposals and scienti fi c 
abstracts to be considered by the IMSH Planning Committee 
for inclusion in the meeting (Table  44.5 ; Figs.  44.1  and  44.2 ). 
The content comprising the  fi nal IMSH educational program 
is derived largely from these proposals submitted by practic-
ing healthcare simulation professionals.    

 After each course proposal or abstract is registered in the 
system, all faculties and authors must complete an Author/
Faculty Requirements Form (Fig.  44.3 ) before the proposal 
or abstract can be reviewed and/or considered for acceptance. 
Required documentation includes an attestation clause on 

   Table 44.4    IMSH session types   

 Educational course formats  Description 

 Debates in simulation  Large-group session that focuses on a key issue in simulation training. A moderator and panel 
members debate all sides of the topic. Audience participation is encouraged 

 Expert panel  Large-group session that focuses on a key issue in simulation. A moderator and panel members 
discuss all aspects of the chosen topic 

 Immersive courses  High-energy learning experience offering participants an opportunity to engage in a hands-on 
experiential activity. Group size is limited as the courses focus on all aspects of a clinical simulation 
experience: development, implementation, debrie fi ng, and evaluation 

 Meet the SimPros roundtable discussion  Small groups of participants meet with recognized experts in an intimate and personal learning 
environment 

 Preconference course  Two- or four-hour courses offer participants an intensive comprehensive learning experience 
combining several learning formats 

 Podium presentation  Large-group didactic lectures presented on a wide array of simulation topics. Audience participa-
tion is not a feature of this session 

 Workshops  Compact and interactive sessions, which engage participants in hands-on learning to acquire and 
practice new skills and team development. Sessions have a high degree of interactivity among 
participants and faculty 

  Scienti fi c content and professor rounds  
 Program innovation abstracts  Focus on program development and practice in healthcare, education, industry, government, and 

other environments 
 Research abstracts  Quantitative, qualitative, or mixed designs that are based on a research question and report results 

and conclusions 
 Technology innovations abstracts  New technologies for healthcare simulation. Abstracts may involve substantial research but differ 

from the hypothesis-driven research submitted to the research abstract category. 

   Table 44.2    SSH Special Interest Groups (SIGs)   

 IPE Af fi nity Group 
 Directors of SIM Centers 
 Anesthesiology 
 Critical Care 
 Emergency Medicine 
 Hospital-Based Centers 
 Nonphysician Providers 
 Nursing 
 OB/GYN 
 Serious Games-Virtual Learning Environments 
 Surgery 
 Technology Specialists 
 Pediatrics 

   Table 44.3    IMSH educational content tracks   

 Administration and program evaluation 
 Assessment using simulation 
 Curriculum development 
 Debrie fi ng 
 Faculty development 
 Human factors 
 Interprofessional/team education 
 Patient Safety/quality improvement 
 Research 
 Technical operations 
 Other – specify 
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society policy, a disclosure of  fi nancial interests, a brief 
 biography, and an upload of a recent curriculum vitae (CV). 
All authors and faculties are required to complete this  process 
in order for the site to accept the course proposal or abstract 
(Table  44.3 ).  

 Closes midnight of July 31st. The content submis-
sion process. Although faculties have 4 months to submit 

 proposals, the majority of content is usually submitted in 
the last 2 weeks of that time period. 

 The content review process begins in early July and con-
tinues through late August. Each proposed course is peer 
reviewed by three reviewers and assessed for validity, rigor, 
and quality of content, independent from commercial bias, 
and effectiveness in learning and delivery format (Fig.  44.4 ). 
Members of the Education Committee and the SSH Director 
for Continuing Education review all proposed content for 
proper classi fi cation of topic and learner level, disclosure 
statements, and potential con fl icts of interests.  

 In late August, the IMSH chairpersons discuss all com-
pleted review summaries and section team recommenda-
tions; at which time,  fi nal content is selected. As noted 
above, the needs assessment blueprint is used to guide the 
 fi nal acceptance process. If the planning committee deter-
mines and/or realizes that some content areas that were not 
submitted are needed by the healthcare simulation commu-
nity, content experts in those areas will be invited to  fi ll in 
the disparities. 

  Fig. 44.1    Screenshot of an educational content title page       

   Table 44.5    IMSH content submission requirements   

 Title 
 Type of session 
 Track 
 Level of the learner – basic, advanced 
 Target audience 
 Faculty name, curriculum vitae, disclosures statement 
 Session type 
 Course overview 
 Learning objectives 
 Detailed content description 
 Course time line 
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 In September, all course directors and primary authors are 
noti fi ed as to the acceptance or rejection of their course pro-
posals and scienti fi c abstracts. If accepted, course directors 
and authors have 4 months to further develop and  fi nalize 
their work for presentation at IMSH. 

 The SSH staff then begins the process of organizing 
and scheduling the large  fi nal program. The number of 
courses offered during the IMSH General Session has 
grown steadily in the past several years. At the time of this 
printing, nearly 300 courses are in the planning stages for 
IMSH 2013. At least 25 courses are held simultaneously, 
offering attendees a vast array of content from which to 
select. 

 Online registration is opened for the meeting in September. 
Attendees can reserve a seat in the courses they wish to 
attend well in advance of the meeting. This reservation pro-
cess allows staff to more effectively plan the logistics and 
details for each course. 

 Once content is  fi nalized, the SSH Director of Continuing 
Education will  fi nalize the accreditation for the meeting. The 
society is accredited by the ACCME to provide continuing 
education for physicians and is applying to become an ANCC 
provider as well. 

 In late fall and early winter, SSH staff members con fi rm 
all faculty and AV needs, organize the scienti fi c exhibition, 
determine  fi nal syllabus and program details, manage the 

  Fig. 44.2    Screenshot of the 
session information page from 
the content submission site       
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con fi rmation and scheduling process for faculty and authors, 
and organize the large conference support staff. The IMSH 
Presentation Archive is readied for faculty members to use in 
uploading their electronic presentations prior to the meeting. 
Course materials and onsite logistical guides are  fi nalized for 
production. 

 The meeting occurs in the latter part of January. It takes 
the full IMSH Planning Committee, SSH staff, and hundreds 
of volunteer society members to ensure the meeting runs 
smoothly. Society members assist in the Speaker Ready 
Room, where  fi nal paperwork is completed and electronic 
presentation materials are screened by Education Committee 
reviewers one last time before being uploaded for  fi nal pre-
sentation and archival. Room hosts scan participant badges 

at the entrance to each course to verify attendance for con-
tinuing education documentation. The SSH Education 
Committee randomly monitors courses throughout the meet-
ing, performing speci fi c evaluations to assess quality of con-
tent and ensure independence for each session. 

 Following the meeting, both outgoing and incoming 
IMSH chairpersons meet with society leadership and staff to 
note successes and areas for additional improvement and 
development. Only 2 weeks following the meeting,  fi nal 
attendance data, evaluation summaries, budget  fi gures, and 
speci fi c course data are prepared for the  fi rst face-to-face 
meeting of the incoming IMSH chairpersons. The baton gets 
passed, and the continuing education content development 
process begins again.  

  Fig. 44.3    Screenshot of the author/
faculty disclosures form       
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   Conclusion 

 Healthcare simulation educators dedicate their efforts to the 
improvement of patient care by creating a learning environ-
ment that simulates day-to-day, practical learning experiences. 
The simulation environment is a unique stage from which to 
teach, with many nuances and characteristics often unavail-
able in more traditional settings. Continuing education (CE) 
offerings speci fi c to this dynamic learning environment con-
tribute not only to the advancement of knowledge and skills 
but also to a more comprehensive understanding and analysis 
of the unique and effective opportunities offered through sim-
ulation education. Rapid advances in healthcare strategies and 
technologies will continue to grow the demand for simulation 
education; thus, the demand for educators equipped to teach in 
this unique environment will also increase.      
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   Introduction 

 Developing a simulation program is not a small task and is 
not for the faint of heart  [  1–  3  ] . The thought and precision of 
the development process will directly impact the opportuni-
ties afforded to the learners and stakeholders alike  [  4  ] . This 
chapter will outline a variety of subject areas that should be 
considered. Not all areas will be applicable to every pro-
gram. It is recommended that programs that are being devel-
oped or those already in operation should create a checklist 
that deliberately forces consideration of these key areas. The 
use of project timelines and deliverables will help develop-
ing programs remain on task and evaluate their progress. 
Consider the development of a simulation program as a jour-
ney that should leverage best accepted practice in several 
areas: simulation instruction, facility design, and instructor 
development, at a minimum. At times, evidence will be 
scarce, as the industry is still in its infancy, which will neces-
sitate leveraging ideas from other industries that are similar 
(e.g., aviation). There is no one approach to simulation pro-
gram development in general. Readers may appreciate that 
in certain circumstances, similar material is also covered in 

Chap.      46    , “The Business of Simulation”; however, it is 
impossible to discuss one aspect of development without the 
other; therefore, this chapter will emphasize center design 
and planning and when pertinent will include relevant busi-
ness and  fi nancial issues.  

   Project Management 

 Developing a simulation program can be a complex task. 
Depending on the size of the program it may involve one 
or many people involved in a variety of tasks. The use of 
project management principles to organize and assess 
progress is an important consideration. This may involve 
simple task lists to complex GANTT charts (a GANTT 
chart is a horizontal bar chart that was developed as a pro-
duction control tool in 1917 by Henry L. Gantt and is fre-
quently used in project management). Establishing clear 
lines of communications, team leaders, and deliverables is 
the cornerstone of successful implementation. Certain 
tasks will be dependent on the accomplishment of other 
prior or concurrent tasks, while some will not. For exam-
ple, a contractor cannot build a facility until he receives 
construction documents from architects and engineers. 
Similarly, the purchase of equipment should follow cur-
ricular and instructional needs and should not be purchased 
beforehand.  

   De fi nition of a Simulation Center 
and Business Planning 

   De fi nitions 

 A center can be de fi ned in many ways. It can represent a 
physical location, a variety of locations, a  fi scal entity, or 
even a virtual concept. The use of the word “center” in itself 
encourages people to think of a physical location that houses 
speci fi c activities. For the purpose of this chapter, a center 
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will signify a simulation program that may represent 
 multiple stakeholders and a variety of locations. The 
 program is larger than any one user group or location. This 
is an important distinction as it suggests that the “program” 
is more than a physical plant. Indeed, it embodies the very 
fabric of the program—all the elements that make it opera-
tionally viable. Operations are often misunderstood as relat-
ing to technical or administrative elements alone. They in 
fact represent the sum total of all the elements that make a 
program or entity function. This includes academic and 
nonacademic elements.  

   The Business Plan 

 A business plan is a written statement of your business (sim-
ulation program): what the program wants to achieve and the 
plan to achieve it. It should outline the structure of your busi-
ness, the product(s) or service(s), the customer(s), the growth 
potential, and the  fi nancial statements. 

 In addition to identifying information about the busi-
ness, the business plan should also inspire the program for 
future endeavors. It is a blueprint outlining the goals or 
benchmarks the program wants to achieve with a clear 
understanding of the methods intend to achieve them. It 
should not, however, act as a rigid prediction of every 
future occurrence. Programs cannot predict or control for 
all future circumstances nor can they anticipate outside cir-
cumstances that will have a signi fi cant impact on the direc-
tion of the program. A good business plan should at least 
give a clear direction for which to aim. Every business 
should have a plan whether it is just starting or whether it 
is expanding. It helps to de fi ne strategies, and if properly 
used, the plan will help involve and motivate key members 
of the staff. 

 The business plan can also facilitate success by helping 
avoid future failure by identifying potential pitfalls along 
the way. It should outline a realistic set of goals with time-
lines while being  fl exible in order to accommodate changes 
that are likely to occur. By generating a plan with targeted 
goals, one can monitor the program’s progress and get the 
program back on track fairly quickly if anything goes 
wrong  

   Key Components of a Business Plan 

 Generating a business plan may seem like overkill and unim-
portant for those with smaller programs, but the underlying 
principles are critical and will help even the smallest simula-
tion group clearly articulate the plan, starting with a clear 
identi fi ed mission and vision through implementation to 
mission realization. Many of the sections that follow are 
often found in a business plan.  

   Mission Versus Vision 

 The core of any plan must start with the mission and vision. 
A simple search on the Internet will show that the two terms 
are often confused with each other. The mission is often 
de fi ned as the outward statement of your purpose. It is the 
statement (brief) that outlines, literally, your “mission.” The 
vision on the other hand re fl ects how you are going to get 
there. Disney’s vision is “To make people happy.” This 
embodies the notion that to achieve Disney’s mission, 
employees must “make people happy.” 

 In simulation, it is important to clearly identify your mis-
sion so that your process and decisions can always tie back to 
this. Without a mission, a program will run the risk of mak-
ing programmatic and  fi scal decisions that may or may not 
be the best use of resources (people, time, and money). Even 
those with a mission must be cautious to avoid what is often 
called “mission creep” where a program extends beyond its 
stated mission and begins to involve itself in things that may 
not be a best use of personnel, time, or  fi scal resources. 
Therefore, mission and vision discipline are critical.  

   Needs Assessment 

 A basic premise in any educational activity is that it should 
be based on a need  [  5  ] . When the word need is used, it sug-
gests a problem is present. The need may in fact represent a 
problem or issue but may also simply re fl ect the speci fi c 
“need” of your target stakeholder (e.g., a nursing student has 
a need for a thorough education in the  fi eld of nursing). The 
need drives the measurable objectives and goals, and the 
objectives and goals drive the strategy. The strategy in turn 
drives the equipment, space, time, and personnel needs. 
Essentially, the needs assessment drives the objectives. At 
times, the objectives may in fact be driven by a de fi ned 
assessment. The needs of the program’s stakeholders are 
paramount in determining what services to provide and to 
what degree. The term stakeholder refers to a heterogeneous 
group that includes everyone from the executive to the 
learner. Each stakeholder group must be considered. The 
services and programs offered must offer “substantive” 
value to the stakeholder  [  6  ] . Needs assessments may be as 
simple as reviewing curricular needs across specialties and 
disciplines or can be quite complex, entailing an in depth 
analysis of internal and external markets to determine met 
and unmet needs. Needs assessments can be conducted 
through surveys, in person interviews, SWOT analyses 
(Strengths, Weaknesses, Opportunities and Threats), and 
include a review of key data such as scores, outcomes, and 
risk management information  [  7  ] . 

 Ultimately, the current and anticipated needs will drive 
your program. Failure to consider this basic principle will 
put even the best intended programs at risk of losing sight of 
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their goals and failing to bring substantive value to stake-
holders. While there is no  fi rm rule of how often a formal 
needs assessment should be done, it is safe to say that a 
needs assessment is an ongoing process that must be a pri-
ority, as a business plan must be continually updated in the 
form of strategic planning. Strategic planning for organiza-
tions normally occur every 3–5 years or more often if the 
market and environment is unstable and rapidly changing.  

   Executive Buy-In 

 “No money…no mission and no mission…no money.” This 
term is often used in business circles and has many meanings 
but put simply: A program cannot exist without money, and 
money will not  fl ow to a program without a mission, political 
legitimacy, or substantive value. Executive buy-in refers to the 
acceptance and engagement of the executive (decision maker) 
in a given process. Buy-in can vary in level and may simply 
re fl ect support in principle or complete buy-in with  fi nancial 
support tied to key deliverables. Many simulation programs 
often have simple support with funding coming from soft 
sources or more limited sources controlled by intermediate 
level leadership. As programs expand and people change man-
agement positions, a program can  fi nd itself in jeopardy with-
out substantive buy-in from both proximal and distal executives. 
The simulation program must be in  alignment with executive 
interests and considerations. This brings into play not only 
 fi nancial issues but political ones as well. 

 There is no single rule or approach to executive buy-in. 
Informing and engaging the executive is not always easy. 
Access to these individuals is often considered the  fi rst step. 
Arguably, the  fi rst real step is having a solid understanding of 
what it is the program seeks to do, why it matters, and what 
it is that the program needs. All this must be presented in a 
brief format, as presentations to executives are often limited 
to 10–15 min. This is not to suggest that a plan should be 
brief but rather that the presentation (e.g. executive sum-
mary) must be brief, succinct, and to the point. It must, how-
ever, be backed by additional substantive detail upon request. 
Executive buy-in and engagement is a key business strategy 
in many industries. The transformational and cultural changes 
that simulation offers does require this level of support as 
simulation in healthcare enters into mass adoption.   

   Key Program Components 

   Human Resources 

   Educator Skillset and Expertise 
 Simulation in healthcare can be used in a variety of ways: 
education, assessment, research, and gap and system analysis. 
The use of simulation for education has become  pervasive  [  8  ] . 

The very notion of education in healthcare is undergoing a 
transformative change. There will be a day when it will no 
longer be acceptable to simply receive your credential (e.g., 
MD) as a surrogate of the ability to teach. This standard of 
“credentialing” is without basis and is rooted in tradition. 
Educators will be required to understand the fundamentals of 
educational theory where courses are deliberate (see Chaps. 
  3     and   43    ). All courses should arguably be based on properly 
written learning objectives that meet the needs and skill level 
of the learner. These objectives must be measurable. With 
established learning objectives, an appropriate educational 
strategy is chosen. Finally, the activity and the learner perfor-
mance are measured using assessment tool(s) that are cou-
pled to the objectives and educational strategy used.  

 While this may seem outside the scope of this chapter and 
is actually discussed in great detail in another section of this 
book (see Chaps.   41    ,   42    ,   43    , and   44    ), it underscores the need 
for properly trained educators as a core part of any program. 
Whether the program is small or large, the very same princi-
ples apply. Simulation is an educational strategy when used 
for training and assessment. It represents a tool that must be 
properly leveraged to gain its full potential. While simulation 
may entertain and has signi fi cant face validity, it is far too 
expensive to be used in a way that does not demonstrate real 
learner impact and downstream outcomes. 

 Simulation educators should have a solid education the-
ory foundation and must understand the speci fi cs of simula-
tion as an educational, training, and assessment methodology. 
The educator needs to appreciate how to leverage the tool 
they are using. Does this imply that they must actually know 
how to use the technology? Some would argue that it does, 
and some would argue that it does not. The answer really 
resides in the middle and is situational. The need for an edu-
cator to understand how to operate the equipment they are 
leveraging depends on a variety of factors (Table  45.1 ).  

 An emerging standard is evolving where simulation edu-
cators will have access to a certi fi cation process. It remains 
to be understood the depth and breadth of this process at this 
time. It is the opinion of the authors that simulation educa-
tors should not only understand educational theory but should 
understand the use of the methodology and the equipment 
employed. This level of understanding will not only allow 
educators to choose the best strategy but also to use it to its 
fullest potential. It also avoids interdependence between 
skillsets that can become cost prohibitive and sluggish. 
Certi fi cations may or may not include all three elements.  

   Educator Development 
 In the previous section, the need for educators to have a vari-
ety of skillsets was presented. A successful program should 
have an educator development pathway  [  9  ] . To move a nov-
ice educator to pro fi ciency is not an act of chance but rather 
should be deliberate and based on sound educational strate-
gies. The use of mastery learning, modeling, apprenticeship, 

http://dx.doi.org/10.1007/978-1-4614-5993-4_3
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http://dx.doi.org/10.1007/978-1-4614-5993-4_44
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and other educational techniques can collectively contribute 
to the overall development of a simulation educator. Like any 
learner, the simulation educator in training must have a clear 
understanding of the objectives and standards that they are 
trying to achieve. The objectives will depend on the type of 
simulation being used and the learner group that will ulti-
mately be targeted. It is not yet understood whether there is 
one core skillset that spans all forms of simulation method-
ologies. This will likely be answered more comprehensively 
as simulation enters into the mass adoption phase. That not-
withstanding, the need to develop simulation educators to a 
standard that represents current best accepted practice will 
allow a program to deliver more consistent educational 
opportunities for its target learners. The quality of a course 
should vary less when educators have been developed and 
trained with speci fi c standards in mind. The question remains 
as to what educator standard should be used? There currently 
are no globally accepted standards that comprehensively 
describe a simulation educator. This does not, however, pre-
vent a program from establishing its own standards. As long 
as the standards are defensible and based on sound princi-
ples, then they will likely provide some value if not consis-
tency within the center. 

 Simulation education is rapidly evolving. Educators 
should be expected to maintain and update their skills to 
keep up with technologic and methodological changes and 
advancements. Programs should not only focus on new 
instructor development but continued professional develop-
ment of existing educators. It is important that the simulation 
project timeline includes instructor development early in the 
process, as it takes time to develop competency prior to 
opening the doors of a simulation program. 

 The use of internal (e.g., educator debrie fi ng) and external 
(e.g., conferences and trainer courses) development  activities 

will help maintain a high level of quality. This also allows a 
program to develop a sense of value, purpose, and continual 
improvement.  

   Technician Development and Skillset 
 The same principles (standards and development) described 
for simulation educators apply to simulation technicians as 
well. The technician must have a core understanding of their 
role (Fig.  45.1 ), the equipment they are using, the learner, 
and the purpose of the activity. In programs where a techni-
cian is not a possibility (e.g., due to  fi nancial constraints), 
the  educator must assume the technician characteristics. 

   Table 45.1    Key considerations in equipment use   

 Simulation methodol-
ogy used 

 There are many simulation methods that can be used, each having different operational requirements. A standardized 
patient versus a mannequin will require a different skillset. The same is true for procedural and task trainers. A 
simulation method may in fact use a variety of strategies that require the use of technology, actors, and appropriate 
environmental cues 

 The size of the program  A program with one person alone (no technical staff) will need to balance what educational strategies it uses and the 
understanding of how to dynamically utilize the technology (when applicable). Larger programs may leverage 
technical personnel to set up, run, and maintain the simulation equipment. Does this negate the need of the educator 
to understand what the equipment can do and how it works? From a purist standpoint, the answer should be no. The 
educators must be able to direct the technical personnel on how they wish the equipment to be used and how to 
dynamically adapt to different learning environments and situations. Simulation by de fi nition is not a static activity. 
While automation of simulation equipment may represent a solution to this issue and is indeed emerging to be more 
reliable, it is far from perfect. Automation fails to adequately account for the single largest variable in a simulation: 
the learner. Predicting what a learner will do both temporally and physically is extremely dif fi cult. This is likely true 
in professions that are not rule driven. Even within professions that are rule driven, as individuals progress along the 
path from novice to expert, they are much more likely to deviate from rules 

 How the simulation 
equipment is used 

 Simulation methods can be deployed in a variety of ways. The most complex equipment can be used in the most 
basic way. In the case where a complex mannequin is used to simply represent an inanimate body, the need to 
understand how it works is of diminished value. It could be argued that the use of such equipment in this way is an 
inadequate use of resources. Programs that are personnel poor and lack fundamental training are at risk of underuti-
lizing and overbuying their equipment 

Technician

Organization Operation

Troubleshooting

Maintenance

Setup

Adaptation/
flexibility

Innovation

  Fig. 45.1    Examples of technician skillset requirements       

 



61545 Center Development and Practical Considerations

Setup,  maintenance, troubleshooting, and innovation are 
some key skills that are required in a simulation techni-
cian. The absence of these skills in a program will increase 
the likelihood that the program will languish and under-
utilize available simulation methods. The phenomenon of 
“ mannequins remaining in a box” or “collecting dust” is real 
and represents a very poor use of limited resources as well as 
poor planning on the part of a program that did not anticipate 
their needs for properly trained staff. Like simulation educa-
tors, technician standards do not currently exist. Programs 
should use established business principles to appreciate the 
balance of skills needed (Fig.  45.1 ).   

   Standards 

 Standards may refer to many things. They may represent 
standards of conduct, standards of process, or standards of 
practice. All educational and healthcare institutions are held 
to certain standards that drive their activities, policies, and 
procedures. As has been implied in previous sections, simu-
lation is currently standard poor, and there is no one set of 
accepted universal standards. While many programs have 
developed their own standards, there has yet to be one domi-
nant standard to emerge. This lack of standards impacts sim-
ulation in healthcare (Table  45.2 ) in both variations in quality 
and return on investment. When an educator states they 
“simulate,” what does that truly mean? It will become impor-
tant to understand what underpins that statement to allow all 
individuals to have the same mental model.  

 Equipment manufacturers currently follow only basic 
standards that are not unique to simulation. They, however, 
do not follow a common set of standards that are more rele-
vant to simulation applications. A good example of this is the 
variance of how simulated airways are developed and manu-
factured. The wide diversity in quality and reliability sug-
gests a lack of standards. The application of standards and 
prerequisites for manufacturers will more closely couple 
form and function. 

 This also applies to simulation facility design. A variety 
of organizations have developed standards to help de fi ne 

speci fi c key elements found in a simulation program. The 
Society for Simulation in Healthcare, the American Society 
of Anesthesiologists, and the American College of Surgeons 
are three examples  [  10  ] . These organizations have taken sim-
ilar approaches to create general guidelines for simulation 
programs to establish core elements that are believed to be of 
high value in the success of a simulation program. Cross-
referencing the program’s development to these standards 
can be a useful exercise. The reader is referred to Chap.      48     
for a detailed discussion of this topic and speci fi c details on 
the individual accreditation processes.  

   Policies and Procedures 

 Whether one works in a hospital, outpatient setting, or school, 
they bear the responsibility to know and follow policies and 
procedures (so-called P&Ps). These are the very rules that 
allow an institution to follow regulatory and ethical require-
ments. They also serve a different purpose that is vital to any 
successful business—the ability to streamline processes and 
decision-making. Policies vary from addressing scheduling 
to con fi dentiality. These policies are underpinned by proce-
dures that make them practical and applicable. In a simula-
tion program, policies play an important role. Far too many 
institutions are late to establish their P&Ps in a formalized 
fashion. They are often boring to write and are considered by 
many as something that can be left for another day. If we 
critically look at the smallest to largest simulation program, 
we recognize that in fact we are applying policies all the time 
(whether written or not).  Appendix  includes a list of sample 
policy headings that any program should consider. For exam-
ple, consider the situation where two key stakeholders want 
to schedule a course utilizing the same room on the same day 
(Table  45.3 ). Programs should anticipate such situations and 
preemptively generate polices that address these potentially 
dif fi cult con fl icts.  

 The solution to the example in Table  45.3  on the surface 
may seem intuitive on  fi rst read, but ultimately, the con fl ict 
will and should be resolved through the use of an established 
scheduling policy. Depending on what policy exists, group A 

   Table 45.2    Examples of standards across a variety of domains   

 Equipment  Hardware, software, interface, and 
documentation 

 Example: The face of a mannequin will allow for an easy and reliable seal 
with standard and readily available mask. 

 Educator  Skills, continuing education, behaviors  Example: An educator will use established basic pedogogical methods. 
 Technician  Skills, continuing education, behaviors  Example: The technician will operate equipment in a manner consistent with 

the educational activity and the equipments intent. 
 Assessment  Methods and development  Example: Assessment are to based on best practice. Assessment elements 

must be measurable and and perteninet to the area of study. 
 Train-the-trainer  Content, skills, certi fi cation  Example: All courses must cover core established content from referenceable 

material. Course instructors must carry certi fi cation as simulation educators 
and technicians. 

http://dx.doi.org/10.1007/978-1-4614-5993-4_48


616 M. Seropian et al.

or group B may prevail. If the policy gives preference to 
high-stakes assessment, then group B would prevail. On the 
other hand, if the time of reservation were by policy more 
important, then group A would prevail. It is easy to see how 
preexisting policy that is documented, available, and trans-
parent to the stakeholders will prevent a simulation program 
from becoming mired in controversy, distrust, and dissatis-
faction. Policies not only allow programs to create proce-
dures for dispute resolution but also allow a program to 
create checks and balances that allow stakeholders to feel 
that they are part of a fair and balanced system. It is impor-
tant to remember that stakeholders include everyone from 
executives, educators, and learners. 

 From a practical standpoint, it is often useful to work on 
P&Ps from a list (such as in  Appendix ) and recognize that 
they represent living documents that will change with the 
needs and nature of a simulation program. They can be writ-
ten early in a program’s history and be changed as the pro-
gram evolves and matures. The policies need not be so rigid 
that they appear to restrict rather than promote order and 
innovation. They should change and be informed by unan-
ticipated situations that improve future functionality. 

 Policies and procedures often dictate common approaches 
that are designed to make work fl ow and quality more reliable. 
The use of common curriculum development processes, com-
mon scenario templates, common databases are a few exam-
ples. These processes can help a simulation program create and 
maintain a system that is consistent and more likely to improve 
over time. The lack of standardization puts programs at risk 
and leads to potential ineffective use of time and resources. It 
is important to note that standardization of approach is not syn-
onymous with squelching of innovation. A health simulation 
program not only has approaches and processes that invite 
innovation but also is frequently updated to re fl ect innovation.  

   Governance 

 Governance of a simulation program is perhaps one of the most 
contentious areas in many programs. Governance not only 
speaks to the organizational structure of a program but how 
decisions are made and by whom. Governance structures may 
be as simple as a faculty reporting to a Dean in a small com-
munity college, to a complex structure where multiple people 

report to a variety of intermediate management levels that even-
tually all report to an institution’s CEO or President. What is 
interesting is that the person in the highest position on an 
 organizational chart may not ultimately be the person who 
makes the day-to-day decisions. Moreover, the person who makes 
 day-to-day decisions may be subordinate to the person who 
makes the larger annual budgetary decisions even if that person 
has little idea of the center’s activities. Figure  45.2  illustrates two 
different institutional governance structure examples.  

 If this seems confusing, that is because it often can be. In 
institutions with complex executive and political relation-
ships, it is important to clarify at each level of governance 
the relevant roles and responsibilities (Table  45.4 ). This is 
often described in bylaws, terms of reference, or policy. 
Irrespective of the size of a program, the exercise of delineat-
ing these issues is worthwhile and can insulate programs 
from variation and leadership changes.  

 There are many complex governance variations. At some 
point, the complexity can render decision-making authority 
ineffective and vague. This will vary by institution. 
Governance becomes particularly important when a program 
spans many disciplines, professions, and even institutions. 
Service line agreements and clear lines for decision-making 
are critical for success. The ability of an organization to 
operate ef fi ciently and effectively is very much tied to its 
governance structure and governance discipline including 
respect for lines of communication. Governance structures 
should be identi fi ed early in the process of program develop-
ment so as not to disrupt the success of a program.  

   The Physical Plant 

 The natural assumption is that all simulation programs have 
some sort of dedicated facility or physical plant. This is true 
in the absolute sense in that all simulation programs must 
have some physical plant where their simulation equipment 
is at a minimum housed. The physical plant may serve this 
sole purpose or may extend to house personnel or may be 
used to provide simulation-based services. Programs that are 
entirely point-of-care oriented may only require storage space, 
whereas programs that also provide simulation-facility-based 
simulation services will require considerably more space 
than the former. 

   Table 45.3    Example of a typical scheduling scenario   

 Group A  Group B 

 Group purpose  Teach about normal cardiovascular 
physiology as part of the circulation courses 

 Conduct a high-stakes assessment for an accelerated 
baccalaureate program 

 Group description  10 medical students  10 senior nursing students 
 Date space reservation made  Reserved 1 week before group B  Reserved 1 week after group A 
 Ownership stake  Same as group B  Same as group A 
 Date needed  Same as group B  Same as group A 
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 These two case examples are extremes of each other and 
have signi fi cant implications. Table  45.5  provides a useful 
comparison of the two models. Note that these are not the 
only models, and hybrids of the two exist and will have dif-
ferent considerations.  

 At the end of the day, the physical plant must meet 
the needs for storage, support, personnel, and ultimately 
the actual simulation learning or assessment activity. The 
construction and design of a dedicated simulation facil-
ity is a complex subject, as best practice is still being 
established. The basic premise that form must  follow 
function, however, remains true, and any facility should 
be  purpose-built. In the case where a dedicated facility 

is needed, then several space considerations come into 
play   :

   Learning space(s)—classrooms, debrief rooms, simula-• 
tion theaters, clinic rooms  
  Control rooms—for mannequin, hybrid, and standardized • 
patient (SP)-based simulation  
  Storage—consumables and hard storage  • 
  Of fi ces—for permanent and temporary personnel  • 
  Kitchen, break rooms, and copy rooms  • 
  Bathrooms  • 
  Utility rooms—gas tanks (“tank farms”), AV/IT server • 
rooms, telephone/conference rooms  
  Entry and reception areas    • 

Governance structure examples

Institution
president

Provost

Executive
simulation
committee

Director of
simulation

Operations
manager

Education
manager

Faculty A Faculty B

Faculty A Faculty B

School dean

Director of
simulation

Technician A

Business
manager

Institution A Institution B

  Fig. 45.2    Governance structure examples       

   Table 45.4    Example organizational scenarios/situations   

 Institution A  Institution B 

 President  Delegates annual  fi scal responsibility to provost  Not involved directly 
 Provost  Responsible for approving annual budget for simulation program  Not applicable 
 Executive simula-
tion committee 

 Responsible for advancing an approving all budgetary considerations for 
presentation and  fi nal approval of the provost 

 Not applicable 

 School Dean  Involved at the executive simulation committee level or provides a delegate 
in their role 

 Responsible for approving annual budget 
for simulation program 

 Director of 
simulation 

 Responsible for creating, prioritizing, and justifying budgetary line items. 
Will sit with managers to evaluate overall budgetary needs. Will advance 
budget to executive simulation committee for approval 

 Responsible for creating, prioritizing, and 
justifying budgetary line items. Will 
advance budget to Dean for approval 

 Managers  Responsible for organizing budgetary requests and requirements speci fi c to 
their domain (e.g., education) 

 Not applicable 

 Faculty  Will advance requests to managers for inclusion in budget  Will advance requests to Director of 
simulation for inclusion in budget 
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 While this list is somewhat general, it does illustrate the 
many considerations are involved when a simulation program 
either moves into a space or designs one. The program will 
either be de fi ned by the space or the program will de fi ne the 
space. The latter is of course preferred but may not be an 
option for many programs that are given space with little 
budget and con fi gurability. Even in this circumstance, it is 
possible for a program to take even the most in fl exible space 
and make it suit its needs with a little innovation and 
patience. 

 As discussed in the section on policies and procedures, it 
is important that any dedicated facility be managed through 
the use of defendable and representative policies and proce-
dures. Facilities are expensive to build and maintain. 
Maximizing utilization of any given space while retaining its 
functionality is an important consideration. When space is 
underutilized or misused, then programs run the risk of los-
ing the space and/or funding.  

   Finances (Soft Versus Hard Money 
and Sustainability) 

 The subject of  fi nances is complex. At the most basic level, 
 fi nances can be broken down to capital and operational costs. 
Capital costs often refer to costs related to brick and mortar 
and equipment. Operational costs refer to costs related to 
operating a program on an ongoing basis—personnel, ser-
vice agreements, utilities, equipment, etc. Good budgeting 
skills and a solid understanding of basic  fi nancial principles 
will help programs in the short and long term. 

 As programs become larger, they may need to develop 
 fi nancial pro forma that looks beyond just the next year but 
extend 3–5 years into the future. Many people have dif fi culty 
in developing these as they see them as guesswork. 
Developing a 3–5-year pro forma relies on making assump-
tions and applying those assumptions to establish expenses 
and income. The assumptions themselves should be based on 
historical and future considerations. 

 The origin of funds will vary by program. Many simula-
tion programs are initially seeded by “soft” money. This 
refers to funding that is temporary and self-limited. Examples 
of this form of funding include grant and philanthropic funds. 
While this is a useful source for funding both initial startup 
and ongoing operations, they by their very nature are unreli-
able and leave a program vulnerable to reduction or even clo-
sure should the funding come to an end. The accountability 
with respect to soft funding is also different and may not be 
a rigorous as hard funding. 

 Hard funding refers to funding that comes from the insti-
tution as a line item (or several) for the purpose of conduc-
tion and delivering simulation services. This funding is 
generally more predictable and more closely tied to the mis-
sion and values of the organization. It is not without its risks 
as funding may  fl uctuate related to the overall priorities and 
condition of the institution. Changes in leadership will also 
impact this form of funding. The more “entrenched” a simu-
lation program is, the more immune it will be to funding 
 fl uctuations or losses. This should not encourage compla-
cence, and a program should always look outward and inward 
to evaluate its relevance—the unfortunate reality is that sim-
ulation often assumes a low priority at many institutions 

   Table 45.5    Implications of the facility model   

 Point-of-care only (A)  Point-of-care and facility based (B) 

 Space—storage  Hospital or off-site  Same as A and in simulation facility 
 Space—personnel  Will vary, may include dedicated hospital/off-site 

space or leverage space already allocated to 
personnel for their other responsibilities in the 
hospital 

 Will vary, may include (1) dedicated hospital/off-site space; (2) 
leverage space already allocated to personnel for their other 
responsibilities in the hospital; (3) use simulation facility space 

 Cost—utilities and 
space 

 Relative to space used (storage and personnel). 
Note: if personnel are leveraging space used for 
other responsibilities, then this cost is often 
absorbed by someone other than the simulation 
program 

 (1) Relative to space used (storage and personnel) in the hospital; 
(2) utilities related to the simulation facility; Note: if personnel 
are leveraging space used for other responsibilities, then this cost 
is often absorbed by someone other than the simulation program 

 Responsibility for 
space organization 
and maintenance 

 Organization limited to storage and of fi ce space 
used. Point-of-care location, the responsibility of 
the hospital? Excluding last-minute modi fi cations 
related to simulation activity. Maintenance of  fi xed 
elements usually the full responsibility of the 
hospital 

 Same as A and full responsibility to organize and simulation 
facility. Maintenance of simulation-speci fi c equipment (e.g.,  fi xed 
audiovisual equipment), the responsibility of the simulation 
facility 

 Responsibility for 
stocking 

 Simulation supplies the responsibility of the 
simulation program; supplies relevant to point-of-
care, the responsibility of the hospital 

 Same as A and the simulation program will have full responsibil-
ity for the stocking of consumable and nonconsumable supplies 

 Access  Will vary depending of patient census assuming 
patient care supersedes training space needs 

 Same as A and simulation facility access falls entirely under the 
control of the simulation program 
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where budgeting is involved. Budgets for hard funding will 
follow the budgeting cycle of the source institution and will 
come under the regulations and scrutiny of the same. 

 Simulation programs are a resource to the institution and 
stakeholders they serve. They become a cost of business with a 
return on investment related to their activity. Programs must 
link their activities to de fi nable outcomes so that they measure 
the cost of the activity to revenues generated. Recall though that 
in healthcare, the revenues generated may be in the form of cost 
saving, cost avoidance, or long-term risk reduction. Much as in 
the education and insurance world, the impact of an activity 
may not be realized for years. To take this from the abstract to 
the concrete: a nursing student who has superior training in part 
due to simulation will ultimately improve ef fi ciency and effec-
tiveness in the practice environment once they graduate and 
participate as licensed practitioners. This net gain is realized 
not only distal to the training intervention but may also be real-
ized by an entirely different organization. The return on invest-
ment (ROI) and associated funding is a complex issue and will 
be driven by many factors and drivers. The more simulation 
programs make the case in real  fi scal terms that simulation has 
a positive and relevant ROI, then the more likely an institution 
will be willing to provide hard and ongoing funding.  

   Utilization and Metrics 

 As students, learners, or other groups move through a simu-
lation program, it is important to measure both the utilization 
of a program as well as the outcomes. Both of these concepts 
are quite complex but should be de fi ned early in a program 
and revisited frequently. Utilization and outcomes are differ-
ent and yet related concepts. 

 Utilization refers to the use of the program. It may re fl ect 
the learner hours (learners × hours spent in an activity) or 
may represent the room use in any given facility (room hours 
of use per day). There is no set standard currently for which 
metrics are of most use. The metric of most value will depend 
on many factors and will vary by institution. It is important 
to appreciate that if the data is not captured upfront, then the 
ability to create complete metrics will be dif fi cult in the 
future. At a minimum, capturing key data points is important 
(Table  45.6 ). From these data, complex metrics can be calcu-
lated to assess program utilization. Utilization is important to 
understand as it de fi nes the personnel, equipment, space, and 
time needs. It is dif fi cult to predict future need as well as cur-
rent issues without this data. At a most basic level, a program 
that is entirely facility bound can calculate the maximum 
number of room hours available in their facility if they know 
the number of rooms and the work hours.  

 Measuring outcomes from simulation-based education, 
training, research, and assessment is more complex. The 
level of evidence (Table  45.7 )  [  11–  13  ]  will vary from the 

basic self-evaluation of the learner to complex outcomes that 
relate to the learners’ impact on the market in which they 
practice. That is to say, as a person who has had a simulation-
based intervention moves forward, they have an impact on a 
variety of people and systems. Patient outcome is an example 
of this as is system ef fi ciency. These are complex issues that 
are multivariate. Estimating the impact of an intervention 
that is distal from the outcome must control for variables that 
are often outside of a simulation program’s control. The 
application of standard healthcare outcome metrics may need 
to be reassessed to evaluate if measurement methods need to 
look to other industries on how to best evaluate outcomes. 
The education industry has developed sophisticated methods 
that estimate causal effect of interventions  [  14  ] .   

   Mobile Simulation 

 The issue of mobility is increasingly becoming an issue. 
Does simulation need to be limited to a  fi xed facility? As we 
come to understand the multiple simulation modalities and 
learner/assessment needs, it is becoming apparent that simu-
lation-based activities can in fact be carried out in a variety 
of locations including a  fi xed facility, traditional learning 
spaces (auditoriums), and actual patient care settings. Each 
of these locations offers different advantages and issues. To 
offer simulation-based services in multiple locations requires 
additional resources (personnel and equipment) and consid-
erations. Ultimately demand, priorities, and resources will 
determine the availability for such services. Deciding to 
 pursue a mobile program must be deliberate and often can 
leverage existing resources when demand is low.  

   Table 45.6    Examples of core utilization metrics to capture   

 Number of unique learners per simulation course 
 Duration of simulation course 
 Number of simulation sessions per course 
 Time (duration) of each simulation session 
 Number of learners per session 
 Space used for each session 
 Equipment used per session 
 Personnel needed per session 

   Table 45.7    Levels of evidence   

 Level  Description 

 I  Systematic reviews (integrative/meta-analyses/clinical 
practice guidelines based on systematic reviews) 

 II  Single experimental study (randomized control trials) 
 III  Quasi-experimental studies 
 IV  Nonexperimental studies 
 V  Care report/program evaluation/narrative literature 

reviews 
 VI  Opinions of respected authorities/consensus panels 
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   Other Considerations: Equipment, 
Audiovisual, and Security 

 There are many other issues to consider when developing a 
simulation program. Some of these considerations are rooted 
in policy (program or organizational) as well as need. A sys-
tematic approach to these issues is helpful. Equipment, 
audiovisual, and security needs will also be determined by 
program needs balanced against budgetary considerations. 

 Equipment is driven by the education strategies used and 
by the volume of learners. All equipment will have a certain 
lifespan. The lifespan is determined by the absolute time a 
product can be expected to remain fully functional using rec-
ommended maintenance schedules. The lifespan can also 
refer to the natural product cycle time in which a product 
becomes outdated relative to market offerings. A product 
may not be serviceable after a certain amount of time due to 
manufacturer discontinuation, for example. Similarly, a prod-
uct may not be useful as other technologies emerge and ren-
der that initial product irrelevant. Relative to other industries, 
the product life cycle in simulation has been relatively long, 
which is both good and bad for simulation programs. While 
it allows products to remain in service over longer period of 
time, the pace of innovation is slower which hinders progres-
sion within the industry as a whole. Equipment consider-
ations can be summarized into four main categories: (1) 
simulation equipment (e.g., mannequin), (2) medical equip-
ment (e.g., bed or pump), (3) consumables (e.g., syringes or 
of fi ce supplies), and (4) of fi ce equipment and furnishings. 

 The speci fi cs of different AV and information/learning 
management systems are beyond the scope of this chapter 
alone. Audiovisual (AV) considerations in a simulation pro-
gram can be broad and complex. The AV system must ulti-
mately meet the needs of the educational activity and must 
be in alignment for security and policy requirements. For 
example, in some cultures, the  fi lming of women is not con-
sidered acceptable. So the system must conform to needs as 
well as policies (internal and external) of a program. The AV 
system must be used to support operations, learning, and 
assessment. Educators (operations) and learners will use the 
AV system differently. Depending on the activity, the opera-
tions staff (technicians and faculty) may leverage the system 
to gather (and manipulate) information as well as deliver 
deliberate education to the learner (e.g. allowing learners to 
see speci fi c cameras and views). The learner on the other 
hand is mainly gathering and integrating information. Lastly, 
the system should have the ability to archive materials for 
future review and cataloguing. This archive material may 
have utility to researchers, faculty, operations, and learners. 

 AV systems are rapidly moving to digital formats, although 
analog systems are very reliable and tested. The choice of the 
system will be determined by a variety of factors including 

budget, the expanse of the program, goals and objectives for 
the program, support for the equipment, and program skillset. 

 Security considerations in a simulation program relate to 
equipment, personal safety, as well as access to information. 
A simulation program must consider the level of security it 
needs. This may be as simple as a locked and keyed door to 
complex access systems that allow differential access to dif-
ferent levels of personnel and learners. This applies to space 
as well as information. The loss of mobile equipment can be 
costly to a program. Similarly, the political and safety con-
siderations related to the theft of medications (whether fake 
or not) can be substantive and costly. The goals of a security 
system should be built around: (1) equipment and personnel 
security and (2) access control to consumables, equipment, 
and information. For simulation research, these guidelines 
and details are speci fi cally outlined depending on the institu-
tional research board protocols.  

   Logistics 

 Logistics is an important consideration for a successful sim-
ulation program. Robust and reliable scheduling, inventory, 
and maintenance protocols should be developed and put into 
place as a program evolves. Logistics needs to be based on 
policy, procedures, and guidelines. This allows for consis-
tency but also inoculates a program from changes in person-
nel and shifts in funding. Programs that are larger may have 
the luxury of personnel dedicated to logistic considerations. 
There are examples where faculty and educators are entirely 
removed from logistic considerations. That is they arrive to 
teach and then they leave. While this may be an ef fi cient 
mode of operation, it does leave a program vulnerable as 
groups lacked the cross-training to cover for each other espe-
cially in times where personnel may not be abundant.   

   Conclusion 

 The establishment of a simulation center can be a complex 
task that requires forethought and ongoing attention. 
Deliberate action will allow programs to manage what may 
on the surface seem unmanageable. This chapter has outlined 
a variety of considerations that will apply depending on cir-
cumstance. These elements come from some well establish 
business models that have been proven to be successful. It is 
important to consider each element to delineate their impor-
tance and priority in the process. Failure to do so can create 
downstream problems and obstacles. While it is tempting to 
create a rigid framework, it is important to consider that the 
structure of the center/program must incorporate  fl exibility 
to accommodate for future change and to remain relevant.       
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   Introduction 

 Simulation-based training has been used for many years to 
manage risk and facilitate safety in hazardous professions 
outside of healthcare, especially in aviation. The use of sim-
ulation as a tool in medical education is relatively recent and 
follows the age-old medical tenet  primum non nocere  (“ fi rst, 
do no harm”). The use of simulation may also follow the 
more recent emphasis in the business of medicine on improv-
ing patient outcomes while reducing healthcare expenses. 
These demands for value and ef fi ciency in an era of health-
care reform present both new opportunities and new chal-
lenges in justifying the investments required for the research 
and development of simulation to educate healthcare profes-
sionals. Although the readers will appreciate that similar 
material is covered in Chap.      45    , for completeness, these 
chapters are intentionally left intact since it is impossible to 
discuss one without the other. This chapter will focus on the 
business and operational considerations in planning a health-
care simulation center and when appropriate will discuss 
center design concerns as they relate to the business of 
simulation.  

   Business Planning 

 The need to coordinate “vision-driven business planning” 
was identi fi ed as one of eight major themes in an effort 
to institutionalize and sustain simulation in healthcare by 

representatives from interested professional and regulatory 
organizations  [  2  ] . Business plans provide an organized con-
struct for the presentation of a project or business, an analysis 
of the industry and marketplace in which the business will 
operate, and the strategic, management, and  fi nancial goals 
that are envisioned for the new entity. The depth and scope of 
a business plan will rest on several factors including the sta-
tus of the entity as either an independent unit or as a compo-
nent of an existing business, the scope of the entity’s activities, 
and the type and amount of  fi nancial investment required. 

 In planning a healthcare simulation center, the decision of 
whether to establish a stand-alone facility or a center within 
a private or academic medical facility will rest on the mis-
sion and goals of the simulation center. The planned scope of 
simulation activities may include the use of standardized live 
patients, low-tech models or mannequins, and/or complex 
task trainers and realistic human patient simulators and may 
serve single-specialty or multispecialty purposes. The com-
plexity of the simulation services offered will be re fl ected in 
the business planning process. Finally, the amount and source 
of funding required to  fi nance the center will determine the 
complexity of the  fi nancial projections and will guide the 
planner in selecting the most appropriate metrics to de fi ne 
the investment’s projected economic worth. 

 Three key elements of a business plan that should apply to 
healthcare simulation centers of all types and complexities 
are outlined and illustrated below. These include the formu-
lation of (1) a mission statement, (2) an analysis of the mar-
ket and strategic positions of the business, and (3) a  fi nancial 
overview of the plan. Other elements of a business plan may 
be included to illustrate and support the business case as is 
appropriate. A comprehensive listing of the elements of a 
business plan is shown in Table  46.1 .  

   Mission Statement 

 De fi ning the mission and goals of a simulation center is an 
essential  fi rst step in the business planning process. A mission 
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statement is an internal document that communicates in a 
concise and speci fi c way what the business is and what it pro-
poses to do. It is typically constructed by answering a series 
of questions including:
    1.    What is the product or purpose of the entity?  
    2.    Who are the entity’s customers?  
    3.    What are the entity’s quality, human resources, and/or 

marketing-related goals?     
 An expanded mission statement may also incorporate goals of 
the business in a qualitative and/or quantitative manner and may 
set out timeframes or other speci fi c objectives of the entity. 

 A mission statement for a healthcare simulation center 
may also re fl ect factors including its:

   Pro fi t or nonpro fi t status or objective  • 
  Scope of simulation services offered  • 
  Range of medical specialties/groups of customers served  • 
  Internal vs. external customer focus  • 
  Educational, research, and/or clinical goals    • 
 The box shows an example of a mission statement for a medi-

cal school simulation center within an academic medical center.   

   Market Analysis and Competitive Strategy 

 A useful framework for analyzing a market and planning a 
competitive strategy has been described by Porter  [  5  ] . He 
described  fi ve forces that drive competition in an industry 
including the rivalry among existing  fi rms, the bargaining 
power of both suppliers and buyers, the threat of new entrants, 
and the threat of substitute products or services.  

   Barriers to Entry: A Simulation Center 
in an Academic Medical Center 

 According to Porter, the threat of new entrants depends, in 
part, on the industry-speci fi c barriers involving factors such 
as the economies of scale, capital requirements, product dif-
ferentiation, switching costs, access to distribution channels, 
regulatory policy, and other cost advantages unrelated to 
scale, such as the learning or experience curve. The follow-
ing is an example of how Porter’s framework for competitive 
analysis may be utilized in planning a simulation center in an 
academic medical center. 

 Economies of scale accrue as a reduction in the unit cost 
of a product or operation as the output in a speci fi c period 
of time increases. Scale economies accrue to a medical cen-
ter that locates and organizes its simulation facilities for 
ease of use across several medical specialties. Capital 
investment advantages accrue to a medical center that lever-
ages its existing physical plant, audiovisual and teaching 
lab equipment, and support staff in starting up a simulation 
center. 

 A simulation center may diversify its customer base to 
secure its competitive position. In its start-up period, the cen-
ter may plan to target the medical students, residents, and 
faculty of the medical center. Later, this customer base may 
be expanded to include other community-based or af fi liated 
trainees and faculty, ancillary healthcare personnel, and/or 
representatives of health-related industries to gain economies 
of scale. 

 A simulation center that is the  fi rst to enter a geographic 
market or that is the  fi rst to become known for quality 
 services with a particular customer base secures loyalty and 

   Table 46.1    Elements of a business plan   

 I. Executive summary 
 (a) General description of the business 
 (b) Business mission and goals 
 (c) Financial and operational resources 

 II. Company background and analysis 
 (a) SWOT: Strengths, Weaknesses, Opportunities, Threats 
 (b) Service offerings 
 (c) Technology 
 (d) Competitive position 

 III. Industry and market analysis 
 (a) Scope 
 (b) Barriers to entry 
 (c) Demand 
 (d) Market share 
 (e) Customers/pricing plan 
 (f) Marketing and promotional plan 

 IV. Strategic analysis 
 (a) Mission and goals 
 (b) Operating assumptions 
 (c) Performance metrics 
 (d) Time frames 

 V. Operations and management 
 (a) Table of organization 
 (b) Key personnel 
 (c) Policies and procedures 

 VI. Financial analysis 
 (a) Financial statements/forecasts 
 (b) Capital and operating budgets 
 (c) Supplemental justi fi cations 

 VII. Conclusion 
 VIII. Appendices 

   Sources : Authors’ compilation from: Finch  [  3  ]  and Gerson  [  4  ]   

 Example: Medical school-based simulation center 

 mission statement 

 “The mission of the Center is to provide state-of-
the-art, realistic patient simulation to XYZ  medical 
 students residents and faculty with the goal of achiev-
ing excellence in  medical education and assuring the 
highest standards of  ethics, safety, and quality for the 
care of patients of the XYZ Medical Center.”  
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learning curve advantages and increases switching costs for 
customers who may be presented with new service provider 
options. These advantages may be bolstered by achieving 
certi fi cation and/or endorsement by professional organiza-
tions or regulatory bodies (see Chap.   48    ). 

 Academic healthcare training programs also control an 
important “distribution channel” of graduate trainees and 
alumni customers based on their long-standing relationships 
and/or reputation for quality education within these profes-
sional groups. 

 Finally, Porter identi fi es businesses that gain the most 
signi fi cant experience curve cost advantages as those 
with a high labor content when performing intricate tasks 
and/or complex assembly. Healthcare simulation centers 
require a major investment in human resources to design 
intricate clinical scenarios and execute sophisticated infor-
mation technology tasks. Academic medical centers have 
a cadre of medical educators in place who are experienced 
in didactic and bedside clinical teaching methods that 
can be leveraged in the simulated education environment. 
These skills lend experience curve advantages that reduce 
costs by facilitating design and ef fi ciency. Centers may 
also produce intellectual property that provides a source 
of supplemental revenue, reputational bene fi t, and product 
differentiation.  

   Financial Analysis 

 Financial projection and analysis of the investments required 
to initiate and maintain a new center are important business 
plan elements. The  fi nancial analysis section of a business 
plan must conform to the requirements of the business own-
ers and investors. These requirements will vary by type of 
organization, size of project, availability of investment capi-
tal, and type of investor. Conformance to the business plan 
requirements alone, however, may not determine the success 
of the business plan. A study of the relation between the form 
and content of business planning documents and the funding 
decisions of venture capitalists found only a weak associa-
tion and suggested that independent sources of information 
may be involved  [  6  ] . Business planners need to design a 
 fi nancial plan and analysis that presents the most robust cost/
bene fi t projections and targets the needs and interests of the 
decision makers who will determine the fate of the 
proposal. 

   Figures of Merit 
 Capital investments are, by de fi nition, costly and expected to 
endure over time. They are therefore best evaluated based 
upon the cash  fl ows that are expected over the life of the 
project. Business planners must choose the appropriate 
“ fi gure of merit” (a number that de fi nes a capital  investment’s 

projected economic worth) to employ in the  fi nancial analy-
sis. Given the long-range nature of capital investments, 
 fi gures of merit typically incorporate the concept of the time 
value of money. The net present value (NPV) is one such 
 fi gure of merit commonly used in business planning. It 
requires development of a set of assumptions that includes 
the amount and timing of cash out fl ows and in fl ows, and a 
discount rate, or the rate of return desired/expected on a par-
ticular investment. 

 In the case of a healthcare simulation center, the revenues 
from conducting training courses, certi fi cation programs, 
competency assessments, and other potential revenue-pro-
ducing activities would constitute the expected cash in fl ow. 
Opportunities to reduce costs should also be counted in the 
cash  fl ow analysis. Examples include the recapture by the 
center of continuing medical education fees paid to external 
providers or indirect savings derived from the avoidance of 
patient safety lapses and healthcare reimbursement penalties. 
In some cases, clinicians who participate in simulation-based 
training may be eligible under risk management incentive 
programs for reductions in malpractice premiums  [  7  ] , and 
these should be included in  fi nancial projections, as 
applicable. 

 In healthcare, long-range investment decisions have tradi-
tionally been made based on medical or strategic needs with 
less of an emphasis on economic ef fi ciency  [  8  ] . There are 
several reasons to avoid the exclusive use of traditional 
 fi gures of merit such as NPV in business planning. These 
reasons stem from  fl aws in the methodology that lead to an 
underestimation of a business plan’s bene fi ts and a system-
atic bias against successful innovation  [  9  ] . These  fl aws 
include the fact that cash  fl ows of the innovative project are 
compared against a default scenario in which no investment 
is made, and the assumption is, therefore, that the company’s 
current success will persist in the absence of the investment.  

   Real Options Planning 
 Real options planning is a complementary approach used 
with traditional  fi gures of merit for the  fi nancial analysis of 
capital investments. It has been described as a technique to 
“marry the theory of  fi nancial options to the foundational 
ideas in strategy, organizational theory, and complex sys-
tems”  [  10  ] . The technique shifts the focus of a business from 
how existing resources can be leveraged for long-term bene fi t 
to how an investment in the creation of new capabilities adds 
value. 

 Employing a real options approach in a business plan for 
a healthcare simulation center may involve modeling serial 
 fi nancial investments that will result in a staged implementa-
tion of the center. These models would pinpoint opportuni-
ties to modify the scale and complexity of the center’s 
activities as the demand for services develops. This facili-
tates reduction of the initial capital investment, thereby 

http://dx.doi.org/10.1007/978-1-4614-5993-4_48


628 M. Galati and R. Williams

 maximizing chances for the success of the proposal when 
start-up funds are limited. 

 The real options approach for a simulation center would 
provide  fl exibility by accommodating the redirection of the 
scope, the specialty orientation, and even the location of the 
project after startup. This may be necessary and bene fi cial in 
responding to rapidly changing needs in the  fi nancial, educa-
tional, regulatory, or political environment in which the cen-
ter operates. 

 A center may also incorporate plans to join with inter-
ested parties from industry to work in a joint venture arrange-
ment. This arrangement, for example, could provide synergy 
in a project where a vendor needs a clinical partner to accom-
plish its product research and development goals and where 
an academic or clinical practice needs access to the vendor’s 
equipment in order to further its medical education and clini-
cal research goals. In this case, a legal review and documen-
tation of the relationship would be required to avoid any 
potential con fl icts of interest. Typically, a contract between 
the parties would serve to de fi ne the roles and responsibili-
ties of the participants, assure compliance with all applicable 
laws, and de fi ne the ownership of any intellectual property 
and revenues that may result from the collaboration.  

   The Role of Philanthropy 
 Healthcare reform is bringing new uncertainties and new 
cash  fl ow challenges to medical centers that will need to rely 
more than ever on their diminishing reserves and the debt 
markets to fund capital investments. This raises the impor-
tance of philanthropy as a supplemental source of funding 
for capital project needs. However, conditions in the  economy 
can present confounding factors that limit access to capital in 
the debt markets and, at the same time, may in fl uence donor 
behavior. 

 Limitations in the debt market followed the  fi nancial cri-
sis of 2008 and nonpro fi t organizations experienced what 
may have been the effect of the broader market conditions on 
healthcare gifting in 2009. According to a report by the 
Association for Healthcare Philanthropy, gifts to healthcare 
organizations in 2009 fell 11% to $7.6 billion from $8.6 bil-
lion the previous year. At the same time, the return that orga-
nizations earned on fund-raising investments fell 9%  [  11  ] . 
This report also noted that in 2009, 8 out of 10 healthcare 
donors in the United States (US) were individuals with a per-
sonal connection to the institution and that 27% of all contri-
butions funded construction and 18% funded investments in 
equipment. 

 Business plans for healthcare simulation centers should 
consider the opportunity and availability of funds from phil-
anthropic sources to defray capital and/or operating costs. 
Fund-raising activities that provide the most ef fi cient return 
(based on cost per dollar raised) are those that focus on 
obtaining major gifts and planned giving rather than on hold-
ing special events such as charity balls or bene fi ts  [  12  ] . 

 Simulation center activities may be an attractive invest-
ment for donors in the current climate of healthcare cost con-
trol and with the growing focus on patient safety. 
High-technology medical training methods present publicity 
opportunities that can be used to bolster a center’s reputation 
in the community and to attract philanthropy. Business plan-
ners should include marketing and development of fi ce spe-
cialists as early as possible in the planning process to 
maximize the success of these opportunities.  

   Supplemental Justi fi cations 
 The aim of the  fi nancial analysis section of a business plan is 
to show justi fi cation for the business’s commitment of poten-
tially scarce  fi nancial and operational resources to the new 
investment. In addition to the  fi nancial  fi gures of merit cho-
sen, important qualitative bene fi ts of the planned investment 
may be included to supplement the  fi nancial analysis. Items 
to highlight in the case of healthcare simulation centers 
include the ethical, educational, and patient safety bene fi ts of 
medical simulation. 

 Traditional clinical teaching methods employ live patients 
in the process of training healthcare professionals and in the 
general interest of promoting the safety and welfare of all 
patients. While some clinical experience with real live 
patients is essential and valuable, these traditional methods 
are dif fi cult to standardize, inef fi cient, and create ethical 
concerns  [  13  ] . 

 Centers with a limited patient population may argue for 
the use of medical simulation to augment live patient teach-
ing methods and to ensure that all trainees receive a compre-
hensive, standardized, and ef fi cient learning experience that 
covers the broadest scope of disease states, clinical presenta-
tions, and critical events. Simulation-based medical educa-
tion also gives training programs the  fl exibility to determine 
and vary when, how, and for which types of patient interac-
tions it may be appropriate and safe for trainees to participate 
in live patient care. 

 Patient safety has been a prominent focus in US health-
care since the release of the 1999 Institute of Medicine 
(IOM) report that attributed signi fi cant rates of mortality 
and in fl ation in healthcare and societal costs, measured in 
the billions of dollars per year, to medical errors  [  14  ] . 
Starting in 2003, regulatory agencies like the Joint 
Commission instituted programs to set national patient 
safety goals and governmental and private sector payers fol-
lowed by linking reimbursement to the adoption and report-
ing of safety-related measures. The review of healthcare 
safety and ef fi ciency continues to be an important focus and 
matter of concern in the US a decade after the IOM report. 
A 2009 report reviewing healthcare quality among nations 
found that the United States ranked last of 19 “developed” 
countries in avoiding preventable deaths  [  15  ] . Hospitals and 
physicians are increasingly incentivized via public report-
ing requirements and new reimbursement formulas under 
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health reform to facilitate compliance with health quality 
and outcome measures. By 2015, approximately 9% of all 
Medicare payments to hospitals are expected to be linked to 
the hospitals’ ability to successfully reduce readmissions 
and hospital-acquired conditions and to publicly report 
medical errors  [  16  ] . 

 Healthcare simulation centers can serve as the nexus for 
the introduction, practice, and maintenance of patient 
safety skills that facilitate success for hospitals in both the 
reimbursement and public reporting arenas. Business plan-
ners should consider how simulation training can bene fi t 
the organizations facing these challenges and should incor-
porate projections in the business planning process of the 
potential bene fi ts of reducing costs and enhancing 
reimbursements. 

 Finally, organizations with a teaching mission can dif-
ferentiate themselves with trainees, patients, prospective 
donors, and the community at large by highlighting the edu-
cational, patient safety, and ethical advantages of simula-
tion-based training as a complement to traditional teaching 
methods. 

 Thus far, we have reviewed the considerations in develop-
ing a business plan for a healthcare simulation center based 
on the center’s mission, including methods of  fi nancial and 
competitive analysis and other useful factors in justifying the 
investment. Successful business plans outline a clear mis-
sion, propose a strategy for competing in the marketplace, 
and meet the institutional or company “hurdle rate” for a 
return on the expected investment. The last step in the plan-
ning process is the presentation of the  fi nal business plan to 
key stakeholders and investors.    

   Estimating Expenses and Moving Beyond 
the Planning Phase 

 The remainder of the chapter will focus on elements of the 
business plan that help planners in outlining the projected 
expenses of the center and to begin to advance the project 
toward an implementation phase. Many of these steps are 
initiated in the course of business planning and can begin 
once the mission and scope of the center are de fi ned and 
agreed upon by the stakeholders. Steps for projecting center 
costs and moving toward implementation include:
    1.    Selection of the project design and management team  
    2.    Facility design  
    3.    Development of a capital and operating budgets  
    4.    Creation of a timeline and internal controls     

   Project Management Team 

 The project design and management team has the responsibil-
ity of overseeing the planning and design of the physical 
space, developing budgets, and monitoring the progress of 
each stage of the project. The team is typically supervised by 
the funders of the project. The design/management team 
should be well balanced and led by a knowledgeable and dili-
gent project manager whose role is to keep the team focused 
 [  17  ] . Table  46.2  lists recommended team members and their 
respective roles. Collectively, the team will develop an archi-
tectural design based on the goals of the project and will select 
contractors and vendors to execute the plan using available 
funds. The team will also develop a realistic project timeline 

   Table 46.2    Project management team members and respective roles   

 Member  Description 

 Project manager  Responsible for overseeing all aspects of the endeavor. This individual is charged with monitoring its progress, 
keeping to a timeline, and monitoring expenses. The project manager will interact will all groups and generally 
keep the project organized 

 Architect  Provides architectural design expertise and works with the various team members and project groups to realize 
facility construction based on the scope and vision of the project 

 Administrator  This team member represents the institution’s executive senior leadership and is responsible for assuring that the 
project satis fi es the mission and  fi nancial expectations 

 Simulation expert(s)  May be internal faculty with expertise in simulation or contracted simulation consultants. This individual or group 
should ensure that the project’s design will meet the goals of the simulation center. Experienced simulation 
instructors will have very valuable input in the design process 

 Contractor  The contractor should be selected and involved during the design phase of the project and work closely with the 
architects 

 Facilities management  Representative of the institution’s Facilities Management should be involved to assure the construction meets the 
institution’s standards. They are owner representatives focused on process as it relates to construction and engineer-
ing issues such as electrical, plumbing issues, and meeting building codes 

 IT and AV consultants  May be in-house or contracted. Role is to work with the simulation experts to ensure that de fi ned IT and AV needs 
are met 

 Vendor representatives  Representatives from capital equipment vendors for simulation, operating room, and medical equipment should be 
involved to assure that design and installation requirements are met 

 Marketing/Development  Depending upon the mission and funding plans for the center, 
 Of fi ce representatives  representative from Marketing and Development may serve as ad hoc members or consultants to the team 
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to assure that “go live” goals are achieved. Regular meetings 
to evaluate the project’s progress are helpful in managing 
issues and problems as they arise. All team members should 
be motivated and possess superior communication skills. The 
team’s ultimate goal is to guide the project from design phase 
to completion of construction and to ensure that everything is 
in place for the opening of the simulation center. After the 
construction phase has been completed, appropriate team 
members may function on a parallel track to ensure that pro-
cesses are in place to support the planned curriculum.   

   Facility Design 

 The  fi rst step in a facility design project is to review the goals 
of the project and to justify the decision to move forward 
with a renovation, an expansion, or a commitment to new 
construction  [  18  ] . Goals of the project will dictate the scope 
of the architectural design. Starting new construction, reno-
vating or expanding an existing educational operation is 
often subject to the availability of capital funding and the 
demonstration of  fi nancial viability  [  19  ] . New facility con-
struction offers the signi fi cant advantage of beginning the 
project with a blank canvas. However, space and cost con-
straints make it likely that a medical simulation center will 
be created by renovating of existing space. In other cases, 
existing education programs will be expanded to include 
simulation, as it becomes the standard of practice in medical 
education. In any of these cases, key considerations in facil-
ity design include:
    1.    Ful fi llment of the center’s mission  
    2.    An inventory of existing services and space/equipment 

resources  
    3.    The assessment of need or demand for services to be 

provided  
    4.    Plans for future expansion or increasing capacity     
 The next step is to review the program’s planned or existing 
curriculum by quantifying the number of participants and 
programmatic offerings over a de fi ned time period. 

 Physical space requirements for a simulation center will 
ideally consist of a suite of rooms including:
    1.    Simulation lab(s)  
    2.    Control room(s)  
    3.    Standardized patient examination room(s)  
    4.    Conference room or class room  
    5.    Debrie fi ng space  
    6.    Of fi ce space     
 Simulation centers should replicate the actual clinical environ-
ment as closely as possible. For example, a center with a surgi-
cal emphasis may include a replica of an operating room 
complete with anesthesia and surgical equipment setups. 
Depending on the complexity of the simulated environment, 

the space should be designed with input from physicians 
familiar with both the clinical environment and with the 
requirements of simulation education in order to create a real-
istic presentation. Simulation labs must accommodate hard-
ware and ancillary materials that may include mannequins and 
patient conveyances, specialty-speci fi c clinical work stations, 
supply carts, desk and counter space, and storage cabinets. 

 The number of trainers and trainees who will participate 
simultaneously in simulation scenarios is a factor in deciding 
the size and layout of the lab. Other space design consider-
ations include designing the space to meet building,  fi re, and 
safety codes as well as structural requirements for the place-
ment of furniture, the installation of medical gas supply sys-
tems, and the cabling for information technology (IT) and 
audiovisual (AV) systems. 

 Debrie fi ng is an important aspect of simulation-based 
education and should be considered in facility design. The 
debrie fi ng space is used as a place for trainers and trainees to 
review the simulation exercise, to engage in post-scenario 
discussion, and to reinforce learning objectives. Debrie fi ng 
rooms should have the necessary AV equipment to view or 
review recorded simulation activities. Given space con-
straints, simulation labs or conference rooms may also func-
tion as debrie fi ng space. Dedicated of fi ce space will be 
necessary in a stand-alone center. Alternatively, staff may 
use existing of fi ces for these purposes. 

 Location of control rooms, size of the conference room, 
and the audiovisual setup should be based on input from the 
clinical educators as well as manufacturers’ representatives. 
Simulation systems vendors and capital equipment manufac-
turers provide important information regarding structural 
requirements for extensive capital installations such as spe-
cialty lighting, ventilation, and medical gas systems. The 
 fi nal facility design should be based on collaboration of all 
team members, re fl ecting the needs of the simulation educa-
tors and their curriculum, and meet the  fi nancial constraints 
of the project.  

   The Capital Budget 

 Administrators or owners may have already determined the 
amount of funding that is available to be committed to a particu-
lar project. Alternatively, the cost of the project may be known 
and the institution may seek philanthropy or other funding 
sources to support the expenses. The process for development 
of the capital budget actually begins during the design phase 
and may impact or limit aspects of the new facility’s design. 

 The capital budget for any project includes costs for space 
design, renovation and construction, building materials, and 
required equipment. Capital equipment is de fi ned as nonex-
pendable equipment that is used to operate a business or 
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 provide a service. Institutions have speci fi c de fi nitions in 
their policies for capital equipment. For example, any item 
costing more than $500 and/or with a useful life of more than 
3 years may be considered capital. Capital equipment require-
ments for construction of a medical simulation center will 
vary with the organization’s educational goals. Room fur-
nishings, integrated simulation mannequin systems, anatom-
ical training models, and IT/AV systems are examples of 
items that will appear in the capital budget. Additional items 
may include “props” such as medical equipment that would 
be found in the clinical setting. These may be speci fi c to the 
course curriculum or targeted professional group. For exam-
ple, equipment for an emergency medical technician training 
program will not be appropriate for a surgical residency 
training program. 

 The project management team should explore opportuni-
ties to seek in-kind support from vendors who may already 
have a relationship with the organization and may be able to 
donate capital equipment to the center. Alternatively, centers 
can consider equipping their simulation centers with capital 
equipment no longer suited for clinical use but with func-
tionality adequate for simulations. 

 Most institutions have guidelines and requirements for 
capital acquisitions that include competitive bidding. 
Competitive bidding assures that vendors offer optimal pric-
ing for the required capital investments. The project manage-
ment team will be tasked with putting together a well 
thought-out and justi fi ed capital budget that will assure the 

best use of the scarce resources required to see the project 
through to completion.  

   The Operating Budget 

 An operating budget for a simulation center is a  fi nancial 
plan for the non-capital expenses of running the center for a 
speci fi c period of time. It is typically projected on an annual 
basis and is normally subdivided showing expense projec-
tions for shorter monthly or quarterly intervals. These budget 
intervals provide managers with the ability to anticipate 
short-term cash  fl ow requirements and to facilitate timely 
comparisons of actual expenses against the budgeted 
amounts. A comprehensive operating budget is developed 
and monitored by the responsible manager and forecasts all 
expenses for day-to-day operations. These usually include 
salaries and fringe bene fi ts,  fi xed costs such as rent and utili-
ties, as well as expenses for supplies, non-capital equipment, 
and preventive maintenance and repair. Table  46.3  shows a 
sample operating budget for a for a medical school-based 
simulation center. It assumes a work effort of 20% from 
existing employees of the medical school. Salaries are there-
fore prorated, re fl ecting the proportional work effort (0.20) 
of a full-time equivalent (FTE) employee. A stand-alone 
simulation center may not have the ability to share person-
nel, in which case the operating budget would re fl ect the 
expenses of the speci fi c staf fi ng plan.   

   Table 46.3    Sample operating budget   XYZ simulation center   Annual operating budget: 20XX   

 Quarter 
 Annual total  1  2  3  4 

  Salary expenses : 
 Medical director (0.2 FTE)  $10,000  $10,000  $10,000  $10,000  $  40,000 
 Instructor 1 (0.2 FTE)  $  5,000  $  5,000  $  5,000  $  5,000  $  20,000 
 Instructor 2 (0.2 FTE)  $  5,000  $  5,000  $  5,000  $  5,000  $  20,000 
 Administrator (0.2 FTE)  $  6,000  $  6,000  $  6,000  $  6,000  $  24,000 
 Fringe bene fi ts (25% salary)  $  6,500  $  6,500  $  6,500  $  6,500   $  26,000     
  Total salary expenses:  $130,000 

  Non-salary expenses:  
 Rent  $10,000  $10,000  $10,000  $10,000  $  40,000 
 Utilities  $     900  $     900  $     900  $     900  3,600 
 Medical gases  $     150  $     150  $     150  $     150  $       600 
 Preventive maintenance  $  5,000  $  5,000  $  5,000  $  5,000  $  20,000 
 Repairs  $     500  $     500  $     500  $     500  $    2,000 
 Clinical supplies  $     150  $     150  $     150  $     150  $       600 
 Of fi ce supplies  $       75  $       75  $       75  $       75   $       300  
  Total non-salary expenses:  $  67,100 

   Total annual expenses:  $197,100 
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   Monitoring the Project 

 The project team is charged with the development of a proj-
ect timeline. This step is critical to ensuring that the project 
stays on schedule and meets objectives as set out in the busi-
ness plan. Many factors will in fl uence the timeline and a 
careful review of these will enable the project team to create 
a timeline that is realistic. Key factors include:

   Meeting with stakeholders to develop the architectural • 
plans  
  Preparation of construction documents and obtaining • 
permits  
  Construction or renovation duration  • 
  Schedule for equipment selection, purchase, installation, • 
and testing    
 Variables such as lead time for equipment delivery, con-

struction delays, or unplanned  fi ndings will complicate the 
project and affect the timeline. The project management 
team should meet regularly to review progress and deal with 
any issues so as to minimize delays. Coordination of equip-
ment delivery and installation schedules to accommodate 
various phases of the construction process requires  fi nesse 
and continual reassessment to prevent delays. 

 The project management team should also develop inter-
nal controls to periodically monitor the quality of the con-
struction and work with vendors to monitor delays in delivery 
of supplies and equipment. They must also review expenses 
and reconcile any variances from the budget. Unplanned 
additional expenses must be brought to the attention of stake-
holders and reincorporated into the planning process. As the 
facility project nears completion, the project manager and 
appropriate team members should shift their planning focus 
to preparation for the day-to-day operations.   

   Conclusion 

 This chapter presents the business planning concepts used to 
identify the operational requirements and justify the invest-
ments for the startup and maintenance of a healthcare simu-
lation center. Demand for medical simulation educational 
programs will expand in response to regulatory, professional, 
and public interest pressures to optimize safety and ef fi ciency 
in medical education and healthcare delivery. These basic 

planning concepts can be used to formulate a successful 
 proposal for the initiation of a simulation-based healthcare 
education center.      
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          Introduction 

 While the bene fi ts of simulation in medical education, estab-
lishment of best practices, and reduction of medical errors 
are undoubtedly being recognized, researchers and educators 
still struggle with establishing a viable business model for 
simulation centers (see Chaps.   45     and   46    ) and more impor-
tantly for innovations in simulation through research. 
Simulation centers primarily cater to residents and trainees 
and hence are part of the medical education division in most 
healthcare institutions. The misperception that a simulation 
center must focus only on training could preclude the 
signi fi cant impact simulation can have on patient safety and 
patient satisfaction. 

 While researchers have attempted to show the association 
between simulation-based training and increased patient sat-
isfaction and patient safety, these studies have often lacked 
the scienti fi c rigor to prove the obvious link  [  1–  9  ] . This lim-
its the advocacy and funding around the value of simulation 
in improving patient experience and safety. Within medical 
education too, simulation is seen as an add-on to traditional 
training and not as a required component of medical educa-
tion worth funding. Further, existing centers are seen as a 
sink for hospital investment given the often sporadic and not 
fully translational nature of simulation-based education. 
Another factor that negatively impacts investment in simula-
tion is the lack of affordable simulators. Simulation centers 
require signi fi cant investments in expensive virtual reality 
simulators as well as mannequins. Even in af fl uent nations 
and communities, the cost of simulation is often seen to far 
exceed the bene fi ts. 

 This trifecta of (1) a lack of obvious link to patient safety and 
satisfaction, (2) a lack of complete integration of simulation into 

medical curricula, and (3) the high costs of simulation-based 
training together act as a major impediment to use, propaga-
tion, and funding of simulation. Given these obstacles, simu-
lation programs struggle to develop sustainable revenue 
streams, particularly from entities outside their own 
institutions. 

 Since most simulation centers cater to their organization’s 
internal educational and training needs, their funding gener-
ally comes from providing educational activities for the 
organization. While a revenue model of this nature is possi-
bly sustainable, it limits the adoption of simulation for the 
purposes of research and technology development. Hence, 
there is a need to acquire external funding geared towards 
simulation research and simulator development. This exter-
nal funding affords the opportunity to treat simulation as a 
true scienti fi c enterprise worthy of research and development 
dollars; this is much needed considering the paucity of well-
done scienti fi c studies using simulation. In this chapter we 
will  fi rst outline methods by which a center can overcome 
the barriers identi fi ed and develop a multidimensional pro-
gram that can seek funding from a variety of sources. We 
will also explore plausible and sustainable revenue streams 
for simulation programs with an emphasis on grant acquisi-
tion from the private and the public sectors.  

   Positioning a Center to Secure Funding 

 Seeking grant monies requires simulation programs to pos-
sess or develop certain elements. While the barriers presented 
above negatively impact fund generation for simulation cen-
ters, there are several possible strategies that can provide a 
systematic method to create a sustainable business model 
while supporting both research and education. Our simula-
tion program has developed a successful multidimensional 
strategy towards  fi nancial sustainability: (1) integration of 
required simulation-based training and research into the cur-
ricula, (2) the use of simulation for “BEST PRACTICE” 
identi fi cation and training, (3) the use of simulation for 
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national and international concerns, (4) the development of 
simulation-based research, and (5) the development of 
affordable simulator technologies. It should be apparent that 
these dimensions are not mutually exclusive and several can 
be accomplished using the same methodologies.  

   Integration of Simulation into Curricula 

 The  fi rst element of  fi nancial sustainability involves actively 
including simulation in required healthcare curricula. This 
not only maximizes the bene fi ts for students, it also allows 
for successful demonstration of positive impact and may be 
responsible for improved resident recruitment  [  10  ] . In our 
institution the surgical curriculum was designed to focus on 
systems-based practice, a core competency identi fi ed by the 
Accreditation Council for Graduate Medical Education 
(ACGME) and adopted by the American College of Surgeons 
(ACS)  [  11  ] . The curriculum incorporated three types of man-
datory, nonclinical educational activities, including simula-
tion-based training, learning modules that focused on  fi scal 
and operational training, and a research module. The key ele-
ment in this rotation was to combine a research project with 
the simulation-based training. This required housestaff to 
engage in scienti fi c study design, a literature review, and 
manuscript preparation. This arrangement not only allowed 
us to teach residents but also allowed us to mentor the resi-
dents while exponentially increasing the program’s ability to 
generate research and publications. This strategy is one 
example of how simulation can be effectively integrated into 
the curriculum while fostering an environment that generates 
researchers and simulation-based research. This served to 
enrich our center’s academic productivity and viability, mak-
ing it a better candidate for funding.  

   Simulation and Best Practice 

 The second dimension of addressing the barriers to simula-
tion buy-in focuses on best practices for hospitals. Simulation 
can prove to be a highly effective aid in experimenting with 
and deploying best practices. The advantage of focusing on 
best practices lies in their immediate impact on patient safety 
and satisfaction. This direct link between quality measures 
and the training imparted in simulation allows centers to 
address simulation distrust effectively. Several researchers 
have alluded to the impact simulation can have on best prac-
tices adoption and sustenance. By actively focusing simula-
tion training on best practices, simulation centers can greatly 
increase the perceivable impact on quality measures. Again, 
this makes a center more likely to be funded given a track 
record of successful translation of simulation-based education 
to better patient outcomes. A key example of best practice 

was in central venous catheter placement. CVC insertion is a 
skill wherein simulation has been shown to have a positive 
impact  [  12  ] . CVC insertion skills translate into a measurable 
impact by hospitals in reduced infection rates and litigations. 
By direct measurement of the impact of simulation in improv-
ing skills, simulation centers can prove their contribution 
through the CVC best practice training.  

   Simulation for National and International 
Concerns 

 This third element is novel and lies around developing 
courses that address issues of national and international con-
cern. Such programs may afford center opportunities for 
funding that were not likely considered during the center’s 
inception. Often, simulation-based training is seen through 
the pigeonhole of skills training. However, simulation can be 
effective in large-scale team training and efforts such as 
disaster management. In the world health arena, simulation 
can be an effective aid in training healthcare workers. For 
example, a course that focuses on maternal and child health 
for healthcare workers would be extremely useful in attract-
ing funding from the World Health Organization, United 
Nations, and several foundations. Once again, piecemeal 
work done in this direction has shown how simulation can 
revolutionize such type of efforts and also establish a revenue 
stream for simulation centers  [  13,   14  ] .  

   Simulation Research 

 The fourth element towards generating a sustainable revenue 
stream for simulation programs is more traditional and lies in 
actively allocating funds for simulation-based research. 
Research and development should lie at the core of any sim-
ulation center’s activities. There is no alternative to provid-
ing data on the applicability of simulation to improving skills 
and improving patient safety. In order for simulation as a 
discipline to stay relevant, research of this sort is necessary. 
Creating a solid program of research that produces publica-
tions is also a must to sustain interest and funding from the 
parent organization or funding agency. In terms of research, 
a few things must be emphasized. First, simulation centers 
should aim to produce multicenter research studies. 
Multicenter research studies whilst being rare in simulation 
are indeed very effective in gathering the required number of 
participants for publication in respected journals. They also 
lead to formation of consortia which are necessary to secure 
large-scale grant funding. Secondly, research should include 
multidisciplinary aspects. Often research in simulation is tar-
geted towards a single specialty. While the bene fi ts of such 
studies should not be underestimated, there is also major 
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bene fi t in bringing together multiple disciplines and creating 
research programs that study teams. This is an effective way 
of implementing best practices and also maximizing the per-
ceivable impact of simulation.  

   Simulator Technology Development 

 The  fi nal element in the strategy to address the barriers to 
simulation funding lies in developing novel and affordable 
simulation technology. Affordable customized solutions for 
simulation are necessary to reduce cost and increase applica-
bility of simulation to a larger population. Creating afford-
able solutions requires interface with engineers and content 
experts such as nurses and physicians. Unfortunately, there is 
a built-in disconnect since the engineers are rarely medical 
experts and vice versa. 

 In a recently concluded event funded by the National 
Science Foundation, our group developed a doctoral consor-
tium that brought together engineering students and clinical 
researchers participating in projects in medical simulation 
(   h t t p : / / w w w. n s f . g ov / aw a r d s e a r c h / s h ow Aw a r d .
do?AwardNumber=0946781    ). We compared the publications 
of engineers pertaining to clinical simulations and the publi-
cations of clinicians pertaining to the same topics. We devel-
oped word clouds for aggregates of these publications 
wherein words that are repeated are rendered larger than the 
words that are less prominent. The word clouds in essence 
are a representation of concepts associated with clinical sim-
ulation, and one can compare the concepts covered by engi-
neers and clinicians. Figures  47.1  and  47.2  show the word 
charts for clinicians and engineers, respectively.   

 The word clouds reveal a limited overlap between the 
concepts important to engineers and clinicians. This lack of 
common focus and vocabulary translates into limited inter-
action between the two communities even though a sustained 
exchange of ideas is necessary for development of effective, 
affordable solutions. A conclusion of the doctoral consor-
tium was to encourage simulation centers to hire a part or 
full-time engineer to develop customized solutions. Such 
strategies are fundable as they generate true next-generation 
simulators which are both clinically applicable and 
affordable. 

 Using of the shelf Nintendo Wii®, our team of engineers 
and clinicians have developed several different simulators 
 [  15,   16  ] . These have been developed by a team of engineers 
working closely with clinicians and identifying needs of cli-
nicians and  fi nding technical affordable solutions. These 
were in some cases funded by grants through National 
Science Foundation and/or have been licensed for mass 
 consumption by Simulab Corporation. 

 In conclusion, implementing these  fi ve strategies can 
greatly increase the chances of securing funding and 

 improving current funding situations for existing centers. It 
leads to an accountable organization in terms of a measur-
able impact and leads to an organization that commits to a 
culture of innovation, which is central to the concept of sim-
ulation and its uses in the healthcare community.  

   Innovation Plan for Simulation Centers 

 To address the needs of a simulation center, it is strongly rec-
ommended that simulation programs develop an innovation 
plan. Innovation plans are based on the  fi ve dimensions that 
address the simulation barriers above. In a simulation center 
being developed in India, an innovation plan outlined four 
areas of focus. These four areas were identi fi ed by document-
ing needs of the organization and established multidisci-
plinary collaborations in that area. We present excerpts from 
the innovation plan below as an example of how to create 
such a plan. This innovation plan outlines the overall strategy 
for one simulation center. It is presented to be used as a tem-
plate for organizations to plan their innovation strategy 
towards higher funding levels.     

  Fig. 47.1    Word cloud from publications on clinical simulations by 
engineer       

  Fig. 47.2    Word cloud from publications by clinicians on clinical 
simulation       
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  Sample Innovation Plan 

 There are four focus areas of advanced medical educa-
tion and learning where technology can play an impor-
tant role and address gaps in our training capacity.  

 The   fi rst focus area  lies in delivering  practical 
training and skills assessment  to the healthcare work-
force. Skills such as IV insertion, suturing wounds, 
central venous catheter placement, cardiac stent place-
ment, endoscopy, advanced cardiac life support, basic 
life support, blood pressure taking, and ECG monitor-
ing, to name a few, are the basis of modern-day medi-
cal practice. Practicing these skills requires signi fi cant 
amount of time and resources. In addition to these 
technical skills, many skills are actually nontechnical 
such as team skills that require a healthcare workforce 
to function ef fi ciently as a team. Traditionally these 
skills are practiced on patients, which is an extremely 
unsafe and inef fi cient method of acquiring such skills. 
Fortunately technology has been developed that allows 
for practicing such skills over and over again in a safe 
environment. Technology also exists for providing 
skills training on rare skills and rare treatments that 
enable the healthcare workforce to be prepared for any 
eventualities including disaster management. There 
are also provisions in technology for quantitative eval-
uation of skills that allows for development of bench-
marks of examination and allows for competency-based 
training. This is critical in ensuring high-quality health-
care to the masses. Such technology centered on the 
core idea of medical simulation has matured rapidly in 
the past few decades and has been shown to translate to 
marked signi fi cant improvement in clinical skills and 
quality of care  [  1,   3,   9,   17–  32  ] . Medical simulation 
refers to a suite of technologies available for health-
care professionals to practice skills in a variety of dis-
ciplines both individually and as a team. It is imperative 
to develop a coordinated approach to including simula-
tion-based training in the medical education and train-
ing infrastructure. 

  Strategy:  We will work with clinicians to identify 
low-hanging fruit in this area. We will also establish 
links with local and global engineering institutes to 
help realize the vision. Funds will be allocated for pilot 
projects in this domain, and the possible funding agen-
cies will include Science Foundation (equivalent to 
NSF in USA). Clinicians may help point to direct 
impact on patient safety based on which institutes of 
Health (equivalent to NIH in USA) can be applied to. 
We will work with International Foundations by invit-
ing them to visit the center and present to them skills 
relevant to their portfolio. 

 The  second focus area  lies in employing technology 
for  remote education and monitoring . A key element of 
training the healthcare workforce is to contextualize the 
training to the sociotechnical condition of the environ-
ment. Traditionally this has been hard as such efforts 
require establishment of local infrastructure and local 
support system which is expensive. With the develop-
ment of the information communication technology 
backbone, it is now possible to deliver didactic content 
and didactic training and examination remotely. The 
National Knowledge Network (  http://www.nkn.in/    ) is 
an example of such efforts and displays an important 
example of leveraging ICT for education. In a similar 
vein we can deliver medical education and training 
remotely. There are however two additional opportuni-
ties that lie in further strengthening the mission of 
remote education and monitoring. The  fi rst lies in 
developing remote practice environments like the skills 
training systems described above so practical skills in 
addition to didactic material can be taught remotely. 
This is again possible with the technology of motion 
tracking, motion-based computing, and virtual reality. 
The second lies in using technology environments to 
create a personalized training module that is consistent 
with system practices of a region and its requirement. 
This can again be done through personalized content 
delivery and also by employing mobile units that deliver 
training through mobile systems. 

  Strategy : We will work with the telemedicine 
department to integrate our services with them. The 
content storage facilities of both the centers can be 
combined to achieve this goal. 

 The  third focus area  lies in delivering  best practices 
design, implementation, and training . Best practices 
imbibed through guidelines, procedure checklists, and 
decision-making algorithms have become the corner 
stone of the quality drive in medical profession  [  33  ] . 
Training for best practices and implementing and 
designing best practices are however not trivial. Simple 
didactic training for best practices is not enough, and 
there is a need for a safe environment to practice imple-
mentation of best practices and adapting best practices 
to a particular sociotechnical system. There is also a 
need for a safe environment to design best practices. 
System-wide best practices and procedures can be 
designed and tested in a simulation environment, and 
such efforts have been shown to have a highly positive 
impact in improving clinical practice that is more 
signi fi cant than simply didactic training  [  34  ] . This is a 
golden opportunity for creating a culture of quality and 
safety in a system-wide sense. 

http://www.nkn.in/
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   Funding Sources and Strategies 

 Having discussed the core elements of a center pursuing 
funding and ways to prepare for this process, we now move 
onto a discussion of speci fi c organizations funding simula-
tion. Below we present several funding entities at the local, 
national, and international levels that have allocated resources 
towards simulation-based endeavors in the past. 

   Parent Institution 

 The core  fi ve ideas described above are the basis of securing 
funding from any source, including your parent institution. 
The success of the BannerHealth Phoenix (BHP) simulation 
center, one of the largest in the USA, has been due to tremen-
dous support from the parent organization. This support was 
ultimately a result of a business plan that was in line with the 
needs of the organization. At BHP, our group developed an 
innovative educational program focused on the institution’s 
need for a more ef fi cient onboarding process.  Nurse onboard-
ing  is an expensive process of orientation of new nurses to a 
new hospital. A plan was developed where simulation, not 
the traditional senior nurse mentorship model, would be used 
as the main training for new nurses. In the program, the sim-
ulation center proposed a reduction of nurse onboarding time 
from 4 to 3 weeks. This reduction was based on the assump-
tion that the program would help nurses more ef fi ciently 
achieve technical and nontechnical skills benchmarks using 
simulation. The budget proposal also included funding to 
support research that would investigate the use of simulation 
to reduce onboarding times while promoting patient safety 
and satisfaction. 

 The reduction of training time from 4 to 3 weeks not only 
allowed the hospitals to reduce cost and time of nurse 
onboarding, but the training provided a solid foundation for 
new nurses to improve their performance and participate in 
best practices implementation. This plan was very success-
ful for our group and can serve as a template for other insti-
tutions. In this instance, the plan was targeted towards 
valued needs of the organization. When the organizational 
leaders perceived a simulation-based program as having 
value, they were amenable to funding the program. The 
overall budget for building the simulation center was 
approximately 12 million dollars and the projected break 
even was 4 years.  

   The National Institutes of Health 

 The National Institutes of Health (NIH) are the foremost 
research entities in the world that focus on health, with an 
annual budget approaching 32 billion dollars (  www.nih.gov    ). 

  Strategy : This is a high priority item. We will work 
with the quality department of our organization to iden-
tify metrics. Individual departments will be polled for 
impending rollout of best practices, and we will identify 
avenues where simulation can play a role. A joint com-
mittee would then be established for pursuing some best 
practice implementation. Funding can be obtained from 
Agency for Quality Research (equivalent to AHRQ in 
the USA). Funding for pilot project would be requested 
to our organization as it is a multidisciplinary effort. 

 The  fourth focus area  lies in practical training to ensure 
 optimal use of equipment and resources  for quality health-
care. An important part of training is to train usage of 
medical equipment, drug administration protocols, and 
optimal use of existing resources. Traditional training 
only serves as orientation training but does not allow for 
advanced usage. There are many features of equipment 
such as EKG monitors that are not used ef fi ciently due to 
lack of training. Simulation environments allow interfac-
ing medical simulators with equipment and provide the 
capability of designing training scenarios where equip-
ment and resource usage can be taught. 

  Strategy : We will target equipment manufacturers and 
sales for this venture. Overall the vision would be to test 
medical devices in the simulation center. We will iden-
tify potential partners and work with them to showcase 
scenarios where the important points of the device are 
highlighted in practical use. Pilot funding will be obtained 
by industry collaboration. We will also keep the legal 
department in the loop for IP issues and transfer. 

 In order to develop viable solutions for these four 
focus areas, we need a comprehensive coordinated 
strategy to deliver skills education remotely and safely, 
allowing procedure standardization leading to best 
practices, objective measurement of skills and 
pro fi ciency, and training for optimum usage of equip-
ment and resources. With the availability of cheap 
computing infrastructure, readily available bandwidth, 
and growth of technologies such as medical simula-
tion, virtual reality, movement analysis, computer 
graphics, persuasive technology, and mobile comput-
ing, it is possible to envision the future of advanced 
medical education that fully leverages the opportuni-
ties presented by these tools. There is a need to focus 
resources and develop these technologies for medical 
education and training for all levels of the healthcare 
workforce from senior physicians to paramedics. Such 
an effort will both lower the healthcare costs by 
decreasing medical errors and improving ef fi ciency. 
We will develop a blueprint for 5 years for 
innovation. 

http://www.nih.gov/
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Within NIH, there are several institutes that focus on disease 
and organs like the National Cancer Institute and National 
Institute of Biomedical Imaging and Bioengineering. 
Unfortunately, a very small percentage of their funding is 
currently focused on simulation-driven initiatives. This could 
be attributed to several factors. A major factor however lies 
in the barriers presented earlier that prevent a direct link 
between patient safety and simulation. However, The 
National Institute of Biomedical Imaging and Bioengineering 
and the National Institute of General Medical Sciences are 
two prime organizations that fund simulation centers. Further, 
simulation centers can also be part of training initiatives and 
infrastructure projects that the NIH supports. The key again 
is to prove a measurable impact on patient safety attributable 
to simulation. 

 A related institute, the Agency for Healthcare Research 
and Quality (AHRQ), does have special calls related to simu-
lation (see   http://www.ahrq.gov/qual/simulproj11.pdf    ). Even 
in these calls, there is a requirement to directly impact and 
measure patient safety. Hence, the overall scope of any sim-
ulation-based research grant proposal should be towards 
developing protocols that impact patient safety or outcomes 
in general. The grant should include improvement of safety 
as a speci fi c aim and highlight processes and methodologies 
to implement that plan.  

   The National Science Foundation 

 The National Science Foundation (NSF) is the premier 
organization that funds research in basic sciences and 
computation. Within the NSF, the directorate of Computer 
and Information Science and Engineering has funded sev-
eral projects within the realm of medical simulation. 
Almost all of these projects are multidisciplinary in nature 
and include engineers and clinicians. A key factor for 
securing NSF funding lies in making contributions to the 
science of computation rather than simply creating a work-
ing simulator or demonstrating patient-related outcomes. 
For example, NSF is unlikely to fund a surgical simulator 
that uses off the shelf algorithms and technologies. On the 
other hand, NSF is likely to fund a project that involves 
new technologies and algorithms to make a surgical simu-
lator. In comparison to the NIH, whose main interest lies 
in improving patient safety, the main interest of NSF lies 
in improving contributions to science. To seek NSF fund-
ing, it is important to work with engineers and develop a 
common vocabulary. There are several new algorithms 
being developed in computer science that could be effec-
tively tested in clinical simulation environments. For 
example the use of Microsoft Kinect’s tracking algorithms 
(  www.microsoft.com/xbox    ) can greatly enhance surgical 
pro fi ciency detection. Collaborative work with engineers 

can lead to major funding from NSF, and this is de fi nitely 
one of the underutilized funding resources for the simula-
tion community. 

 One area of funding that both NIH and NSF support are 
the small business grants and technology transfer grants. 
These grants provide funding that allows small businesses to 
work with educational and research institutes. These partner-
ships are very useful for developing novel simulation tech-
nologies. These grants in addition to scienti fi c contributions 
also look at potential commercialization prospects. Successful 
applications need to demonstrate a clear business plan for 
simulator development and marketing.  

   Public Health Departments 

 Another underutilized stream of funding for simulation cen-
ters lies in the public health domain for training and educa-
tion grants. Public health departments have a variety of 
training needs which may include disaster management, 
workshops for public health of fi cials, and law enforcement 
professional training. Simulation can effectively support 
these ventures. Thus, it is important for centers interested in 
funding from these agencies to develop courses around areas 
of interest for public health of fi cials and reach out to the 
local departments to understand their needs. Offering courses 
for emergency medical services (e.g., Advanced Trauma Life 
Support, Basic Life Support, Advanced Cardiac Life Support, 
and Pediatric Advanced Life Support) is another excellent 
and reliable way to generate revenue. The resources needed 
to conduct these courses are fairly modest, and the ability to 
conduct them for public health agencies can mean a rela-
tively steady stream of fundable activities.  

   The Department of Defense 

 The Department of Defense (DoD) has been a source of 
major funding for design, development, and evaluation of 
clinical simulations and simulation technologies. 
Telemedicine and Advanced Technology Research Center 
(TATRC) (  http://www.tatrc.org/    ) has been the primary fund-
ing body for DoD in clinical simulation. Other bodies include 
the Of fi ce of Naval Research and AirForce Laboratories. 
TATRC as a funding agency manages earmarked projects for 
the military in the broad area of telemedicine and simulation 
and also releases calls for proposals for speci fi c projects of 
interest to the military. DoD’s main aim is to improve health-
care but also to focus on design, development, and evaluation 
of novel technologies. A key concept in DoD funding lies in 
Technology Readiness Levels which is a scale to assess the 
maturity of evolving technologies (i.e., materials, compo-
nents, devices) prior to incorporating these technologies into 

http://www.ahrq.gov/qual/simulproj11.pdf
http://www.microsoft.com/xbox
http://www.tatrc.org/


63947 Securing Funding for Simulation Centers and Research

a system. It is critical to understand the importance of novel 
technologies and the applicability of these technologies to 
the military in order for a successful application for DoD 
funding. 

 DoD also releases several calls in which simulations may 
not have a direct role, but simulation centers can serve as 
effective testing facilities. For example, the DoD may be 
interested in experimenting with large datasets for rapid 
decision making. In these programs, the role of a simulation 
center as a testing ground can be quite important. Innovative 
and capable centers can capitalize on the DOD’s need for 
such facilities.  

   Simulation Companies 

 Simulation companies often need to collaborate with clini-
cians in design, development, and evaluation of their prod-
ucts. These could be a suitable revenue source for simulation 
centers. In addition to product development, several simula-
tion companies offer regular grants for curriculum design 
and implementation using their products. It is beyond the 
scope of this chapter to detail each company’s program. 
However, most of these programs are available on company 
websites. 

 The key element in establishing a relationship with simu-
lation companies lies in granting them access to clinical and 
engineering expertise. Clinical and engineering talent can 
help simulation companies design better products. Supporting 
this revenue stream naturally requires a base of intellectual 
property management skills within the simulation center. As 
simulation centers are designed to be cradles of knowledge 
generation, it is important for simulation centers to make 
investments into intellectual property management either as 
a skill set of directors/manager or as a dedicated human 
resource for the center.  

   International Agencies 

 International foundations like the MacArthur Foundation, 
Clinton Foundation, Bill and Melinda Gates Foundation, and 
organizations like United Nations, UNICEF, and The World 
Health Organization all have major programs that support 
the use of simulation products and resources. For example, 
maternal and child health programs supported by the organi-
zations mentioned above are in need of novel technologies 
and integrated training programs for midwives and other 
healthcare workers in developing countries. Simulation cen-
ters often limit themselves to local contributions, which are 
important, but should not preclude development of programs 
that can support international health goals. Developing 
worldwide partnerships through outreach foundations and 

organizations is the key to initiating support from these inter-
national agencies. International agencies support several 
nongovernmental organizations which can bene fi t from 
courses in skills training (like birthing training, Basic Life 
Support training). Simulation centers should aggressively 
pursue these avenues for developing programs that could 
support patient safety worldwide as a viable and socially 
worthwhile endeavor.   

   Conclusions 

 Funding simulation centers and simulation research requires 
a dynamic approach that is inherently multidisciplinary in 
nature. Simulation centers should and must be seen as cra-
dles of innovation. Innovation is necessary in order for cen-
ters to develop a sustainable business model. This chapter 
has provided foundational information on how to structure a 
simulation center for innovation and funding. While it is up 
to the reader to develop customized strategies that ful fi ll his 
or her center’s mission, the elements highlighted in this 
chapter are universal. No matter what the setting or ultimate 
goal of the funding may be, cultivating a center’s education, 
research, and development projects will facilitate  fi nancial 
well-being.      
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          Introduction 

 The use of simulation in healthcare is not new. Rather, if we 
are to adopt David Gaba’s de fi nition of simulation, that is, 
“…a technique, not a technology, to…evoke or replicate sub-
stantial aspects of the real world,” then we must acknowl-
edge that simulation-based training has been a part of 
healthcare education almost since its inception  [  1  ] . Over the 
past two decades, the use of simulation in healthcare educa-
tion has increased markedly. This is likely the result of mul-
tiple factors, including decreased opportunity for real patient 
encounters, increased availability and accessibility of simu-
lation-based technology, and an increased focus on patient 
safety and patient-centered healthcare. What has grown from 
this mix of demand for education, technological advances, 
and patient safety interests is a strong desire to understand 

and apply simulation-based training in a rational, evidence-
based approach that matches learner needs with available 
training technology and delivery systems. In other words, 
there are likely best-practice approaches to simulation-based 
training. 

 Healthcare education organizations have begun to exam-
ine and, in some cases, implement accreditation processes as 
facilitators of growth and excellence in simulation-based 
education. This assumes that the establishment of an accredi-
tation process will lead to more rigorous implementation of 
best practices. How (and if) this will occur in simulation is 
somewhat unclear. Certainly, the simple act of establishing 
credentialing standards and an accreditation process does not 
inherently ensure quality. Current accreditation and bench-
marking programs are extremely diverse in their content, 
foci, and overall objectives. Additionally, several programs 
de fi ne standards over large programmatic areas, whereas 
other accreditation efforts focus on smaller areas of content 
or education delivery. Thus far, the bene fi ts of an accredita-
tion process in simulation have not been clearly demonstrated 
but have been postulated to include (1) externally referenced 
evidence of compliance with commonly accepted standards 
and best practices, (2) increased self-monitoring within 
accredited organizations, and (3) increased leveraging power 
for those seeking increased resources to comply with de fi ned 
accreditation standards  [  2–  4  ] . 

 In this chapter, we offer some discussion about the bene fi ts 
to accreditation processes as well as some of the potential 
rami fi cations. We discuss in general terms the differences in 
format of the four primary accreditation/benchmark efforts 
currently underway: (1) American College of Surgeons 
(ACS), (2) American Society of Anesthesiologists (ASA), 
(3) Society for Simulation in Healthcare (SSH), and (4) 
American College of Obstetricians and Gynecologists 
(ACOG). We then discuss in more detail each individual 
effort, process design, and result of efforts to date. While it is 
likely that other health professional organizations are also 
exploring an accreditation process for simulation-based 
efforts, this chapter focuses on these four, as they are 
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 established, ongoing efforts at the time of this writing. By 
describing the underlying framework and processes involved 
in each program, we hope to give researchers, educators, and 
policy makers an understanding of the potential ways in 
which accreditation efforts can be adopted and assessed. We 
provide one caveat: the commentary here is based on review 
of current publicly available material and descriptions. The 
authors have made every attempt to accurately portray the 
scope and intent of each program; however, individuals inter-
ested in the most accurate and up-to-date information should 
contact individual accreditation organizations themselves.  

   Why Accreditation? 

 In the world of healthcare and healthcare education, provid-
ers are acutely aware of the impact of accreditation processes 
on practice. Curricula are rarely designed without an eye 
toward how they will be viewed by accrediting bodies such 
as the Accreditation Council for Graduate Medical Education 
or Liaison Committee on Medical Education. Hospital policy 
changes often center on Joint Commission recommenda-
tions. In each case, the presumed bene fi t is adherence to per-
formance standards and external validation of quality. So, 
the question remains: Is this the place to take simulation? 

 First, it is important to de fi ne who or what would be the 
bene fi ciary of a simulation accreditation process. Both the 
ACS and the SSH state that advancing patient safety is a core 
objective driving their accreditation process  [  2,   5  ] . While 
this is a noble and important goal of any process, it is likely 
not the most immediate outcome. The immediate, direct 
bene fi ciaries of well-developed accreditation standards—
adherence to best practices, adoption of evidence-based 
approaches, and implementation of solid organizational pro-
cesses—are most likely the learners. 

 Beyond this direct effect, simulation program accredita-
tion can positively impact the simulation program itself. 
Most accreditation processes are not trivial. Obtaining 
accreditation often requires the commitment of resources 
from the larger organization (e.g., medical school, hospital) 
to ensure that the simulation program meets the requirements 
of the accreditation process. As such, the accreditation pro-
cess can be used by a simulation program to validate requests 
for resources such as capital and personnel to support ongo-
ing programming and infrastructure. Simulation programs 
can also bene fi t by using accreditation as an external valida-
tion of quality. This could potentially translate into an 
increased client base, improved opportunity for funding, and 
ability to attract potential collaborators. 

 With such potential bene fi ts, why not adopt accreditation 
processes? Well, there are several limitations and assump-
tions made in the above section. First, we are assuming that 
without an accreditation process to delineate and reward best 

practices, such excellence would not be achieved. While this 
may be true, it is equally possible that an organization would 
choose to place its energy and resources toward the pursuit 
of quality programming rather than toward the accreditation 
application process. Second, the ability of an accreditation 
process to “validate” quality depends greatly on stakeholder/
consumer buy-in. Does the public recognize the need and 
value in simulation center accreditation? Are there signi fi cant 
numbers of high-quality simulation programs practicing 
without accreditation? Do funding agencies recognize 
accreditation as a measure of quality or simply as the ability 
to pay a fee? These questions illustrate that there is a per-
ceived value metric that is dif fi cult to assess yet directly 
impacts the level of bene fi t garnered from accreditation. 

 We again pose the question “Is accreditation the right 
thing for simulation-based training in healthcare?” Well, in 
many ways, this decision has already been made. Two groups 
(ACS and SSH) offer simulation accreditation programs with 
a broad institutional focus that encompass all forms of simu-
lation  [  5–  7  ] . At the time of the writing of this chapter the 
ACS lists 76 accredited centers, while SSH lists 27 accred-
ited centers. The development and use of metrics to assess 
bene fi ts to simulation programs, their learners, and, ulti-
mately, patients will be helpful when determining the neces-
sity of accreditation processes.  

   Overview of Accreditation Program Content 
and Design 

   Scope 

 The scope and breadth of criteria used in determining accred-
itation varies considerably among accreditation programs. 
Some (ASA, ACOG) take a specialty-based focus, with con-
centration on resources and programming dedicated to educa-
tion in that specialty. Others (ACS, SSH) are broader in scope. 
Accreditation program scope can have a strong impact on 
educational institutions in terms of resource allocation, deter-
mination of stakeholders, and, potentially, learner access. The 
scope of an accreditation program is a clear re fl ection of the 
program’s goals. In the following sections, each accreditation 
program’s scope and overall objectives are reviewed.  

   Format 

 As with scope, the format of each accreditation program var-
ies considerably. Currently there are three general approaches 
to accreditation criteria: (1) a single criteria-based system in 
which there is one set of criteria for standard accreditation 
met by all accredited programs [ACOG, ASA], (2) a multi-
level system in which accreditation standards are de fi ned at 
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two different levels across all content areas [ACS], and (3) a 
modular system [SSH] in which programs meet a core set of 
standards then chooses to seek accreditation in one or more 
content areas, such as assessment, education, and research. 
Each program’s format and criteria (below) are discussed in 
the following sections.   

   Criteria and Standards 

 The four accreditation programs discussed here all have 
clearly de fi ned benchmarks in four main areas: (1) curricu-
lum, (2) instructor/personnel quali fi cations, (3) equipment 
and technology, and (4) organization and supporting infra-
structure  [  8  ] . However, the level of emphasis given to each 
area varies by program. This is to be expected, considering 
widely variable programmatic goals and objectives. The cri-
teria used to evaluate simulation programs and the standards 
required for attainment of accreditation will likely impact 
resource allocation more than any other factor of the accredi-
tation process. In Tables  48.1 ,  48.2 , and  48.3 , we outline these 
criteria and discuss them in detail in the sections below.     

   Simulation Accreditation Programs 
by Organization 

   American College of Surgeons 

   Overview 
 In 2003, the American College of Surgeons Division of 
Education  fi rst proposed the idea of creating certi fi cation 
standards that were evidence based and focused on active 

learning techniques. The goal of such an accreditation pro-
gram was to ensure consistency and rigorous application of 
education theory and operation to surgical educational pro-
gramming. The result of these initial efforts has been the cre-
ation of a multilevel, comprehensive accreditation process 
that considers training of multiple types of healthcare learn-
ers in multiple types of institutions. This development pro-
cess is described in the literature and remains a focus of the 
ACS Division of Education  [  2,   10  ] . The ACS Education 
Institutes’ accreditation process was the  fi rst and, at the time 
of this writing, remains the largest effort focused on certify-
ing simulation-based learning centers. 

 The application process for ACS accreditation requires a 
written application that is reviewed and, if appropriate, a site 
visit is conducted. Application costs total $5,250 for Level I 
($2,850 for Level II) accreditation plus on-site surveyor 
costs. Applications are reviewed semiannually. Successful 
applicants receive accreditation for three years, contingent 
upon the completion of annual reports. Renewal at the end of 
three years requires a single surveyor on-site visit and 
renewal application. As of May 2013, there are 76 ACS 
Accredited Education Institutes  [  6  ] .  

   Scope 
 The ACS Program for Accreditation of Education Institutes 
had several goals that helped de fi ne the scope and format of 
the program  [  7  ] . First, an accreditation program would help 
de fi ne a network of simulation centers that would support 
continuing professional education and resident training, thus 
promoting patient safety within surgical  fi elds of practice. 
Second, the accredited centers would support training of 
medical students, nurses, and other health professionals with 
the goal of enhancing patient safety through interdisciplinary 

   Table 48.1    Society for Simulation in Healthcare Accreditation Core Standards and Criteria  [  5  ]    

 Standard  Criteria 

 Mission and governance  1.  There exists a clear and publicly stated mission that speci fi cally addresses the intent and functions 
of the simulation program 

 Organization and management  1.  There is an organizing framework that provides adequate resources to support the mission of the 
program 

 2. There is a strategic plan designed to accomplish the mission of the program 
 3.  There are written policies and procedures to assure the program provides high-quality services and 

meets its obligations and commitments 
 Facilities, application, and technology  1.  There is an appropriate variety and level of technology and applications to support/achieve the 

activities of the program 
 2. The environment is conducive to accomplish its mission and activities 

 Evaluation and improvement  1.  The program has a method to evaluate its overall program and services areas, as well as the 
individual educational, assessment, and/or research activities in a manner that provides feedback 
for continued improvement 

 Integrity  1.  All activities, communications, and relationships demonstrate a commitment to the highest ethical 
standards 

 Expanding the  fi eld  1.  The program demonstrates commitment to advocate for patients, simulation education, and 
contributes to the  fi eld of simulation. 

  Used with    permission  
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training. Third, learner assessment would help inform trans-
fer of knowledge and assist with institutional credentialing 
processes. Finally, such a network of centers could support 
education-based research and evidence-based curriculum 
development via collaboration on multicenter studies. 

 With these goals in mind, the ACS approached its accred-
itation process with a relatively broad view of simulation 
training that includes additional guidance on programmatic 
components speci fi c to surgical training. To ensure a focus 
on surgical training and expertise, the highest level of ACS 
accreditation requires that a simulation center appoint a 
director of surgical simulation at 10% protected time for 
educational and administrative responsibilities. Additionally, 
speci fi c requirements for space and administrative staf fi ng 
are clearly speci fi ed (Table  48.3 ). In setting such standards, 
the ACS has made an important comment on the need for 
faculty and resources necessary to build and sustain a suc-
cessful simulation program. Such requirements have the 
potential to impact faculty recruitment and simulation center 
leadership decisions, academic promotions, and overall sim-
ulation strategies at institutions seeking accreditation  [  8  ] .  

   Format and Criteria 
 The ACS format de fi nes accreditation requirements at two 
different levels (Level I and Level II) across all content areas: 
(1) curricula and learners, (2) instructor/personnel require-
ments, (3) equipment and technology, and (4) organization 
and supporting infrastructure  [  6  ] . Table  48.3  outlines the cri-
teria for Level 1 accreditation. While the majority of centers 
seeking accreditation apply for Level 1 accreditation, the 
presence of multiple levels of standards allows for the recog-
nition of excellence within smaller, more narrowly focused 
simulation centers. 

 As stated above, the ACS accreditation program de fi nes 
standards in four areas similar to criteria used by SSH and 
ASA. The ACS, more than any other program, speci fi es 
infrastructure and equipment requirements including mini-
mum dedicated simulation and of fi ce space, teleconferenc-
ing capabilities, and availability of support facilities (locker 
rooms) to enable hands-on training for a minimum of 20 
learners. The requirements for curriculum development and 
assessment are more loosely de fi ned; however, the on-site 
visit allows surveyors to assess the presence of faculty and 
programmatic expertise necessary to support the mission of 
the ACS accreditation process  [  8  ] .   

   Society for Simulation in Healthcare 

   Overview 
 The Society for Simulation in Healthcare (SSH) is a cross-
disciplinary, cross-specialty international organization. As 
such, SSH currently holds a broad view of simulation and 

experiential learning utilizing multimodal simulation meth-
odologies for education, assessment, and research. The orga-
nization’s mission, “to lead in facilitating excellence in 
interprofessional healthcare education, practice, advocacy, 
and research through simulation modalities,” is one of the pri-
mary driving forces behind the creation of the SSH’s Council 
for Accreditation of Healthcare Simulation Programs (herein 
referred to as the Accreditation Council.) SSH de fi nes a simu-
lation program as one whose mission “is speci fi cally targeted 
toward improving patient safety and outcomes through assess-
ment, research, advocacy, and education using simulation 
technologies and methodologies.” The goal of the accredita-
tion process is to identify simulation programs that share such 
a mission as demonstrated through efforts in research, assess-
ment, teaching, and healthcare systems integration. 

 SSH began its accreditation efforts by  fi rst de fi ning stan-
dards and criteria for excellence in simulation. This was an 
iterative process with multiple reviews by appointed com-
mittee members as well as the membership at large. 
Applicants for accreditation submit a written application that 
is reviewed and followed by a 1-day on-site visit by an 
accreditation review team. Cost for the application process is 
$5,780. Successful applicants are granted accreditation for a 
5-year period (originally it was for a 3-year period) condi-
tional on the completion of yearly reports. Each yearly report 
review costs $250. In the  fi rst year (2010), seven programs 
received accreditation in one or more areas. At the time of 
this writing, there are 27 simulation programs that have been 
awarded SSH accreditation.  

   Scope 
 As a cross-disciplinary organization, SSH has proposed the 
broadest view of simulation and simulation-based education. 
Listed requirements for instructors, equipment, and pro-
cesses are  fl exibly de fi ned to include the wide variability in 
simulation programs and centers worldwide. Accreditation 
is not linked to performance in any one specialty or modality, 
and involvement of multiple types of learners from different 
specialties and disciplines is seen as a positive attribute. 
Standards and formatting (described below) re fl ect this broad 
approach and recognize that a “one size  fi ts all” approach to 
simulation-based education is neither realistic nor optimal. 
Such a scope is aligned with SSH’s objective of facilitating 
excellence in healthcare simulation across specialties and 
disciplines, both clinical and nonclinical.  

   Format 
 SSH utilizes a modular format within its accreditation pro-
cess, separating assessment, teaching and education, research, 
and systems integration and patient safety into separate 
domains with individual requirements for accreditation. An 
applicant program must meet requirements for “Core 
Standards,” then may select to apply for accreditation in one 
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or more domain. Only the category of systems integration and 
patient safety requires concomitant accreditation in another 
domain (e.g., research).  

   Criteria 
 Accreditation criteria are somewhat complex and vary for 
each program depending upon the accreditation domains 
sought. All programs must meet a core set of standards 
regardless of the speci fi c area in which they are applying for 
accreditation. Described in Table  48.1 , these Core Standards 
are felt to be fundamental operational standards required for 
a successful program. Infrastructure and operational require-
ments exist for other accreditation processes. Unlike the 
explicit requirements in ACS accreditation process, SSH 
requires accreditation applicants to demonstrate resources, 
hardware, and infrastructure adequate for their simulation 
programming. This makes the process somewhat more 
 fl exible. However, less explicit requirements can also soften 
the external mandate for capital items, thus decreasing the 
leveraging power potentially associated with accreditation 
standards. 

 Beyond core requirements, SSH de fi nes standards in four 
separate domains: (1) assessment, (2) teaching and educa-
tion, (3) research, and (4) systems integration and patient 
safety. A program must achieve accreditation in one of the 
 fi rst three areas in order to also be considered for accredita-
tion in the area of systems integration and patient safety. The 
standards for each domain are listed in Table  48.2 . This 
domain-speci fi c accreditation process is unique to SSH, 
especially those areas focused on research and system inte-
gration. The potential advantage of offering accreditation in 
speci fi c domains is that smaller, more focused programs can 
still be recognized for excellent work. It is unclear how such 
standards and recognition will be adopted and integrated into 
the simulation culture and, if adopted, how they will in fl uence 
the  fi eld of healthcare simulation.   

   American Society of Anesthesiologists 

   Overview 
 The American Society of Anesthesiologists (ASA) convened 
the Workgroup on Simulation Education in 2004 with the 
goal of de fi ning the components of a simulation center essen-
tial to supporting high-quality, experiential continuing medi-
cal education (CME)  [  11  ] . This workgroup transitioned to 
become the ASA Committee on Simulation Education, 
which focused on the evaluation and endorsement of simula-
tion programs capable of providing high-quality simulation-
based CME programming. In an attempt to maintain a 
consistent membership over time. The committee transi-
tioned to an editorial board in 2013. By design, such accred-
ited simulation programs would form the ASA Simulation 

Network whose members would be certi fi ed to provide train-
ing for the completion of one of the American Board of 
Anesthesiology’s (ABA) Maintenance of Certi fi cation in 
Anesthesiology (MOCA ® ) Part IV requirements. 

 The ASA had clear support of the American Board of 
Anesthesiology prior to establishing the role and scope of 
accreditation it would offer. This support is critical and has 
allowed the ASA’s accreditation process to clearly highlight 
an advantage beyond those suggested by other accrediting 
groups, namely, the ability to provide courses that meets the 
requirements for MOCA ® . Additionally, the ABA helped to 
defray costs for early accreditation applicants as a way to 
encourage applications  [  11  ] . Applicants must submit a writ-
ten application along with a simulation-based scenario that 
would become part of the network’s simulation bank if 
accreditation is awarded  [  9  ] . All accredited programs have 
access to this simulation bank. Application costs are $2,500 
with a 3-year reaccreditation cycle and no on-site visit 
required. ASA requires all applications to be submitted via 
its online portal (  https://simapps.asahq.org/    ). Currently there 
are 32 accredited programs nationwide.  

   Scope and Format 
 The scope of the ASA accreditation/endorsement program 
focuses on institutions providing anesthesia-based training 
and highlights offerings targeting licensed, practicing physi-
cians. In line with its mission, the ASA Simulation Education 
Network accreditation application focuses heavily on current 
operations of the simulation program and the ability to facili-
tate evidence-based ABA MOCA ®  courses. ASA employs a 
single criterion accreditation design, with one set of stan-
dards de fi ned for core accreditation  [  9  ] . Currently there are 2 
additional endorcements for MOCA ®  specialties in pain 
management and critical care (MOCA ®  subs).  

   Criteria 
 Applicant centers for the ASA Simulation Education 
Network are required to demonstrate (1) ASA member value; 
(2) policies and procedures commensurate with high-quality 
educational offerings; (3) infrastructure that is consistent 
with the proposed/described services; (4) equipment and 
space that supports the educational objectives; (5) an evalua-
tion process for the course, the instructors, and the program; 
(6) policies and procedures to provide ASA members with a 
con fi dential and secure environment; and (7) sound educa-
tion process for course development and education. As sug-
gested above, the requirements in each area are focused 
directly on what is necessary to support simulation-based 
MOCA ®  training courses. Applicants must also submit a 
detailed simulation-based scenario suitable for an anesthesi-
ology CME course that would become part of a larger simu-
lation case bank. Speci fi c application components are brie fl y 
described in Table  48.3 .   

https://simapps.asahq.org/
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   American Congress of Obstetricians 
and Gynecologists 

   Overview and Focus 
 The ACOG Simulation Consortium holds as its primary mis-
sion the development of consistent and substantive simula-
tion-based curricula for graduate medical education and 
continuing medical education in obstetrics and gynecology. 
As a specialty-focused body, it shares similarities with the 
goals and objectives of the ASA Simulation Committee; 
however, its initial efforts have been targeted toward resident 
education rather than continuing medical education (ABA). 

 The consortium  fi rst convened in 2009 and consisted of 9 
member institutions that were invited to participate by the 
Vice President of Education for the American College of 
Obstetricians and Gynecologists, Sterling Williams, MD, MS 
 [  12  ] . These institutions were selected after an in-depth screen-
ing process conducted by ACOG to include members who had 
established educationally sound simulation-based programs 
and that possessed expertise in using simulation for clinical 
training, assessment, and educational research. The number of 
participating institutions increased to 16 in 2010 and to 18 in 
early 2011, with a minimum of 24 total members planned 
 [  13  ] . Institutions who wish to join the consortium may contact 
Dr. Williams, who determines the basic quali fi cations and 
presents his recommendations to the consortium for approval. 
Applicants then complete a written application and host an 
on-site visit by a member of the consortium. 

 Consortium membership requires two representative del-
egates from each member institution. A consortium chair 
and cochair are selected from the representatives and serve a 
2-year period. The consortium chair and cochair work in 
partnership with the ACOG staff and Dr. Williams to  organize 
and lead quarterly meetings for the entire consortium. These 
meetings include two teleconferences and two in-person 
meetings at ACOG headquarters. There are currently  fi ve 
primary working committees, each of which is chaired by 
one or two delegates: obstetrics program, gynecology pro-
gram, assessment, research, and models/simulators. 
Subcommittees work on speci fi c needs, such as presenting 
our work at conferences, meetings, and ACOG publications. 
Committees and subcommittees work through e-mail and 
meet through teleconference as needed.  

   Future Directions 
 As the consortium has evolved, it became increasingly aware 
of the need and demand for high-quality and valid simulations 
for maintenance of certi fi cation, licensing and relicensing, and 
credentialing and re-credentialing of practicing physicians 
 [  12  ] . Active research efforts and simulation validation studies 
will support more robust simulation-based assessments in the 
future. However, as with most disciplines, the current data 

available on obstetric and gynecologic simulation does not 
satisfy requirements for high-stakes simulation.    

   Conclusion 

 The sections above provide a brief overview of current 
known efforts to further healthcare simulation via accredita-
tion or endorsement programs. Each program is unique and 
closely linked to the goals and objectives of the parent orga-
nization. Clearly, the hope is to advance the science of simu-
lation, whether specialty-speci fi c or as it is broadly applied 
within healthcare. Development and implementation of mea-
sures will be important to study how such accreditation 
efforts impact simulation centers, healthcare/educational 
institutions, and the specialty of simulation.      
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 Nearly a decade ago many echoed David Gaba’s predictions 
about the future of healthcare simulation: it would either be 
embraced, embedded, and extensively applied, or it would 
fail to meet expectations or improve patient outcomes and 
fall into obscurity.  1   Today it is clear which path simulation 
has taken (even this textbook is a testament to that), and we 
ask now, just how far and how widely healthcare simulation 
will spread and what its real impact will be. As editors, it has 
become apparent, having read each chapter in this book, that 
the application of simulation in the healthcare industry is 
limitless, and therefore, its impact cannot be overstated. With 
the assistance of many of the authors of this text, we frame 
this brief chapter as a future vision of simulation, contem-
plating the extent to which simulation will grow. 

   Simulation Saves Healthcare 

 With the next century comes tremendous change in health-
care education and delivery, and the impact of simulation 
will be widespread, transformative and will ultimately lead 
to the perseveration of this threatened industry. For this to 
occur, however, several phenomena will  fi rst take place.  

   Simulation Becomes Ubiquitous 
in Healthcare Education 

 Several con fl uent events occur during the early part of the 
twenty- fi rst century that lead to an exponential proliferation 

of simulation-based education throughout healthcare. It is 
more widely determined and accepted that medical errors, 
patient harm, and poor patient outcomes can be traced back 
to inadequacies in healthcare education. Public outcry and 
outside political and  fi nancial forces demand that healthcare 
education becomes more accountable (much of this has 
already occurred). This gives rise to a healthcare educational 
system that is heavily regulated and where performance 
measures and outcomes are publically reported. Schools with 
graduates demonstrating persistently substandard perfor-
mance become vulnerable to scrutiny and risk their accredi-
tation, funding, and research opportunities. Mandated to 
stem the tide of error and patient harm, a paradigm shift in 
healthcare education is sought where fundamentals of team-
work, communication, and crisis resource management are 
introduced very early in practitioners’ education.

  “Team-based training utilizing simulation scenarios will expand 
to improve communication and teamwork in hospital settings. 
Medical students and residents will be expected to train with 
nursing students, physician assistants, pharmacists, and other 
health professional students. This training should lead to 
advances in patient safety and improve error recognition.” 

— Paul E. Ogden, MD, Courtney West, PhD, Lori Graham, 
PhD, Curtis Mirkes, DO, Colleen Y. Colbert, PhD 

 “There is no question to me that if we expect individual health-
care providers to work together effectively in interprofessional 
teams, we need to start training them together at all stages of 
education, from undergraduate training all the way through to 
continuing professional development. The last 20–30 years have 
seen us struggle with how to make this type of interprofessional 
training work…simulation will be the answer!” 

— Vincent Grant, MD, FRCPC 

 “Simulation will evolve into more centralized centers to 
 co-locate with learners in clinical spaces throughout health cen-
ters to allow for more frequent and multi-disciplinary training.”

—James M. Cooke, MD   

 At the same time, older healthcare educators retire and 
are replaced with a new generation of innovative faculty. 
The longstanding barriers and opposition to the use of simu-
lation for healthcare education dissipate as the “old guard” 
disappears from the workforce. Young educators, who have 
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experienced  fi rsthand the virtue of simulation-based educa-
tion, start to enthusiastically and creatively incorporate sim-
ulation throughout healthcare curricula in order to meet 
head-on the societal call for safer healthcare and a better 
healthcare workforce.

  “Simulation will be recognized as a new approach to education, 
rather than a progression of technology.”

—Mike Smith, MD, F.A.C.E.P.   

 Simulation becomes entrenched in the educational spec-
trum including allied health, nursing, dental, and medical 
arenas. The use of simulation becomes the standard by which 
healthcare professionals are educated to become master cli-
nicians throughout their careers. The use of simulation is 
then recognized as critical for the assurance and develop-
ment of healthcare providers who possess a superior and 
consistent body of knowledge and skills.

  “Simulation will become an educational tool that is so ingrained 
into education that it is simply another tool that all educators 
use. The role of the dedicated simulation center and simulation 
“specialists” will wane as simulation becomes ubiquitous.”

—Paula Craigo, MD and Laurence Torsher, MD 

 “Simulation techniques will spread further into clinical arenas, 
to allow for more frequent exposure of each learner with lower 
cost and thereby impact education and culture more broadly.”

—Sara Goldhaber-Fiebert, MD 

 “In the future, healthcare simulation will be fully integrated into 
training, both initial and continuing, for all providers across a 
continuum.”

—Marjorie Lee White, MD, MPPM, MEd 

 “Patient-dentist communication will become more critical and 
the virtual worlds will play an important role in training dental 
health care providers….emphasis on inter professional education 
will allow more opportunities for the oral health care provider to 
utilize the human simulator as part of the health care team.”

—Riki Gottlieb, DMD, FAGD 

 “More medical schools will use virtual patients to improve clini-
cal correlations in the preclinical years. Each student will be 
assigned a virtual patient or virtual family and will have assign-
ments for care related to the area of study. For instance, during 
Anatomy, the student may get cases of trauma during musculosk-
eletal study, or students may be assigned cases directly related to 
the organ system they are studying. This would require the stu-
dent to do a full history and physical, order tests, counsel patients, 
and do follow-up as part of their basic science studies. The vir-
tual patients can be advanced during the clinical years to bring 
in ethical dilemmas, and other topics that are dif fi cult for compe-
tency determination such as communication and systems issues. 
Virtual “environments,” including medical “gaming” scenarios, 
will also be increasingly used, as they are in military training.”

—Paul E. Ogden, MD, Courtney West, PhD, 
Lori Graham, PhD, Curtis Mirkes, DO, 

Colleen Y. Colbert, PhD   

 No longer are education and training time-based, but 
they are transformed to a competency-based model where 
students, residents, and even faculty attain and achieve 

milestones associated with the novice, the senior trainee, 
and the expert levels. Students and trainees are not expected 
to be taught for a speci fi c number of years before they can 
graduate, only that their education will last as long as it 
takes to achieve competence. Simulation assumes its role 
as the cornerstone of the process of milestone attainment 
and achievement.

  “Simulation will be used by medical schools and residencies as 
part of a “competency-based” promotion system that values 
standardized demonstration of skills over simply being present 
in enough rotations to be promoted.”

—Christopher Strother, MD 

 “The challenge of time and chance is mitigated and learning 
curves are shifted in such a way that each practitioner and his/
her team receive the best, individualized learning experience.”

—Marjorie Lee White, MD, MPPM, Med 

 “Simulation will be incorporated more fully in the upcoming 
ACGME residency milestones for multiple medical and surgical 
specialties”

—James M. Cooke, MD   

 As simulation assumes a prominent role in milestone 
attainment, healthcare education becomes increasingly 
dependent on simulation, and the classic clinical apprentice-
ship model gives way to a simulation-based apprenticeship. 
The technology becomes so advanced that students, trainees, 
and practitioners can and must achieve levels of pro fi ciency 
and attain competence in the simulated environment before 
actual patient encounters. As healthcare technology expands, 
practicing healthcare providers are mandated to  fi rst receive 
simulation-based training and assessment, demonstrating 
expertise before being allowed to apply new therapies or 
techniques on actual patients.

  “There will be requirements, a certain number of simulated 
 procedures must be done before being allowed to perform the 
procedure on real patients, and perhaps a simulation intern year 
or intern simulation block will be required for new trainees.”

—Shekhar Menon, MD 

 “Simulation will be used to show procedural competence for 
hospital accreditation processes, taking precedence over ‘proce-
dure logs’ ”

—Christopher Strother, MD    

   Simulation Becomes Ubiquitous in Healthcare 
Assessment 

 During this rapid expansion and application of simulation 
for education, the entire healthcare educational system 
becomes more dependent on simulation, and educators 
and faculty become facile  fi rst with formative assessment 
and then with summative assessment, using simulation. 
Although checklists are used initially in this process, 
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 simulation-based assessment takes on a critical and high-
stakes role in assuring student, resident, and practitioner 
competence throughout their careers, and global ratings 
become just as widely used and mastered by skilled edu-
cators and faculty. 

 Preadmission screening and the admission process incor-
porate simulation to identify and detect the most suitable stu-
dents for the healthcare profession. While in training, 
simulation-based assessment is used to verify milestone 
attainment, and once graduated, simulation is a major com-
ponent of licensure testing. Assessment is also frequent and 
regular during clinical training and practice. Once overall 
competence is achieved and con fi rmed with simulation, resi-
dency training is considered complete regardless of the time 
taken for completion, with certain restrictions placed on 
minimum and mandatory training intervals. Throughout the 
practitioners’ careers, repetitive testing is made mandatory 
for Maintenance of Certi fi cation (MOC) processes. This 
complex and structured simulation-based assessment pro-
cess proves critical to the wellness of the healthcare industry 
workforce, assuring true MOC.

  “Surgical boards will require simulation, initially, as a component 
of the Maintenance of Certi fi cation process much like the new 
American Society of Anesthesiologists MOCA requirements”

—James M. Cooke, MD 

 “Board exams and MOC will have increased use of simulation 
in  fi elds such as emergency medicine and intensive care.”

—Christopher Strother, MD 

 “Simulation will become the norm for training and competency 
testing across medical specialties.”

—Mike Smith, MD, F.A.C.E.P. 

 “Simulation will increasingly be used for national, standardized 
exams pertaining to clinical skills.”

—Paul E. Ogden, MD, Courtney West, PhD, Lori Graham, PhD, 
Curtis Mirkes, DO, Colleen Y. Colbert, PhD 

 “There will be a push for safety and competency based training 
that will force all specialties to move more towards simulation. 
In some ways, these efforts will be easy in diagnostic radiology 
where imaging is digital and the images from real patients can 
be used to simulate the daily practice of radiologists.”

—Alexander Towbin, MD    

   Simulation-Based Education and Assessment 
Improves Patient Care 

 As the integration of simulation becomes complete at the 
educational and assessment levels, multicenter studies are 
conducted that de fi nitively demonstrate simulation-based 
education and assessment improves individual, team, institu-
tional, and global healthcare industry performance. This 
takes several decades but provides the long-sought “holy 
grail” of evidence that simulation improves patient care, 

reduces injury due to medical error, and saves lives. The 
2019 Institute of Medicine (IOM) report makes the claim 
that during the last 30 years, simulation has been transforma-
tive and has led to a reduction in medical errors as predicted. 
The report goes on to say that 60–90% of preventable deaths 
from medical errors have been averted through simulation-
based programs and that the major risks to patients are now 
systems-based de fi ciencies. The IOM calls for greater use of 
simulation for systems processes given its widespread suc-
cess at the individual and team levels.

  “Institutions will progressively utilize simulations as internal 
organizational quality assessment tools (i.e. as a systems and/or 
process engineering tool).”

—William F. Dunn, MD    

   Simulation Leads to a Dramatic Decline 
in Healthcare Cost 

 Billions of dollars are saved due to a reduction in medical 
errors and healthcare-related deaths. Safer healthcare also 
saves billions of dollars annually in reduced malpractice 
rates resulting in a reduction in healthcare in fl ation. Improved 
healthcare performance causes patient discharge rates to dra-
matically improve as rebound admission rates drop. Overall, 
the cost of healthcare per person declines as life expectancy 
increases and infant mortality decreases. The savings pro-
vide a means to deliver healthcare more widely to the coun-
try while expanding healthcare research and technology 
funding. This af fi rmation regains the public trust in their 
healthcare provider and the medical industry.

  “Residencies and fellowships will progressively require simula-
tion training to performance standards facilitating patient 
safety.”

—William F. Dunn, MD    

   Technology 

 In order for simulation to be widespread while also satisfy-
ing the new dependence on high- fi delity simulated environ-
ments for training and assessment, technologic advancement 
takes two paths. One is where simulation and simulators 
become affordable, portable, internet based, and more sim-
plistic to program and operate, paving the way for mass 
utilization.

  “Mobile, easy to use, screen-based technology that allows emo-
tionally-charged practice of dynamic case management for vari-
ous challenges – ‘What If’ verbal case scenarios will be greatly 
enhanced with simulated monitors providing realistic vital signs 
and pulse ox beeping.”

—Sara Goldhaber-Fiebert, MD 
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 “There will be a movement towards use of mobile devices in 
simulation. A modern smart phone is about as fast as a 5 year 
old laptop. Smart phones are adequately powered to run com-
plex simulation scenarios.”

—Kenneth Gilpin, MD 

 “Over the coming decade, diagnostic radiology will move out of 
the era of analog simulators and into the digital era. This move 
will accelerated by the move from an oral board exam to a com-
puter-based exam. For years, radiology residents have prepared 
for the oral board exam by interpreting an unknown case shown 
to them by their attending in an effort to simulate the board 
experience. When the board exam moves to the computer, resi-
dents will employ new strategies to prepare for the exam. The 
corporate sector is already preparing for this change by placing 
content online and creating a mechanism for residents to review 
cases online.”

—Alexander Towbin, MD 

 “Simulation technology will become simpler. The increased 
sophistication of simulation equipment over the last few years 
has brought incremental improvements in educational experi-
ence but large increases in unreliability, challenges in program-
ing and cost.”

—Paula Craigo, MD and Laurence Torsher, MD   

 The other path will have simulation moving toward the 
creation of Super Simulators and Super Simulated Virtual 
Environments (SSVE) used for the mandatory high-stakes 
assessments that are now part and parcel of healthcare. These 
sophisticated environments use physical and virtual technol-
ogies including robotics, arti fi cial intelligence, holograms, 
and haptics to create a truly immersive, interactive, and fully 
autonomous experience. They are entirely manipulatable and 
can replicate any patient care environment from a single 
patient room and care suite to an entire hospital, an urban 
street corner, or even a battle fi eld. Individual institutions will 
be able to reproduce their own facility with exacting detail in 
the SSVE allowing for customized team training, system 
analysis, and system integration.

  “There will be a trend towards virtualisation in simulation. 
Virtual solutions to engineering problems are cheaper than 
mechanical solutions (as they have a lower marginal cost). This 
movement towards virtual simulation may be driven by eco-
nomic forces rather than best teaching practice per se.”

—Kenneth Gilpin, MD 

 “Virtual environments will allow for just the right mix of  fi delity 
and realism that translates into all patients receiving safe care.” 

— Marjorie Lee White, MD, MPPM, MEd   

 These super simulators are recognized as pivotal and critical 
for the development of fundamental and expert skills of indi-
viduals, teams, and institutions. As the dependence on these 
technologies for training and assessment becomes critical, 
SSVEs are identi fi ed as medical devices, and a governing body 
like the FDA oversees their  fi delity to ensure public safety.

  “There will be a validation of physiological models used in simu-
lation. An international simulation organization will form, with 
input from medical colleges and resuscitation associations, which 
will aim to explicitly quantify the limitations in simulation  models 

(both software and hardware) compared to real patients. 
Simulation companies will be obligated to objectively demon-
strate the accuracy of their simulators to these organizations.”

—Kenneth Gilpin, MD   

 The initial high cost of such simulation limits its access to 
centralized centers of excellence. The demand for SSVE 
training and assessment escalates, resulting in a dramatic 
reduction of cost due to mass production, and these environ-
ments are developed in every major healthcare facility and 
city as part of a federal initiative.

  “Complacency needs to give way to some blue skies dreaming, 
since today’s Model T (technology) simulation needs to move 
towards the Startrek Holodeck (Danger Room from X-Men) by 
2030. This will take broad commitment from clinicians, computer 
scientists, human factors psychologists, clinical engineers and 
funding organizations. Real world anatomical scenarios, physi-
ological processes, tissue deformation,  fl uid dynamics, instru-
ment-tissue interactions; hey…you mean this isn’t all real?”

—Derek Gould, FRCR, FRCP 

 “There will not be a quantum leap in simulator  fi delity in the 
near future. The current limitations on simulator complexity are 
due to the economic cost of designing and validating complex 
simulation models (i.e. R&D), rather than the lack of computing 
power. The tumbling cost of processing power will not come to 
the rescue of the dif fi culties facing simulation.”

—Kenneth Gilpin, MD 

 “Federal funding of simulation labs is found to be cost effective 
and leads to safer medical practice.”

—Shekhar Menon, MD   

 The SSVE is later recognized as ideal for therapeutic and 
procedural rehearsal. Individual patient physiology and anat-
omy will be analyzed and downloaded into the environment 
where physicians and teams can conduct actual procedural 
rehearsal. Fine motor maneuvers will also be practiced, ide-
alized, and mastered. The perfected moves will be down-
loaded and captured by intelligent robots, and it is these 
robots that will carry out the procedure with microsurgical 
perfection. Patients will now be able to undergo robotically 
facilitated, minimally invasive, endovascular and open pro-
cedures expertly “taught” by the world’s top proceduralist 
without the need to travel long distances. 

 Taking the lead from psychiatry, the SSVE is used thera-
peutically for a variety of medical and psychiatric therapeu-
tic interventions. The SSVE is proven to be a potent 
environment for the treatments of phobias, separation anxi-
ety, post-traumatic stress syndrome. The military use of 
SSVE for deconditioning proves invaluable, and psychiatric 
and suicide rates are dramatically reduced for returning ser-
vicemen and women. Pediatricians use the SSVE to immerse 
patients and families into the clinical environment to prepare 
them for their planned procedures. The access to the environ-
ments becomes widespread and patients can “book” their 
own virtual tours of healthcare facilities or pre-experience 
their own proposed intervention. 
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 SSVE proves to be invaluable for research and develop-
ment. Computer-based simulations make dependence on tis-
sue and animal models for experimentation obsolete and 
provide researchers a rich and reproducible platform to test 
new therapies. For example, computer-based simulators are 
used to test tumor responsiveness to chemotherapy. Individual 
patients with heart disease are bene fi ted, since their own car-
diovascular responsiveness to pharmacologic alterations of 
inotropy (contractility), chronotropy (heart rate), lusitropy 
(relaxation), and systemic vascular resistance can be tested 
using these computer-based simulations prior to therapeutic 
initiation. 

 By 2100 simulation proves to be indispensible. Training, 
assessment, and maintenance of competence are dependent 
on simulation for the individual, team, institution, and indus-
try. No longer limited to healthcare provider training and 
assessment, therapeutic interventions take a quantum leap 
forward as simulation is used for treatment and rehearsal. 
Because of simulation, new and critical therapies, interven-
tions, and pharmaceuticals will be able to be economically 
developed, tested, perfected, and introduced at accelerated 
rates affording more and more patients the bene fi t from 
remarkable and innovative technologies. 

 Finding a digital copy of “The Comprehensive Textbook 
of Healthcare Simulation,” healthcare providers of the time 
will appreciate just how far they have come and contemplate 
the next extraordinary advances yet to be accomplished.

  “A simulation center at every Starbucks!”
—Christopher Gallagher, MD    

   Back from the Future 

 Although we hope you enjoyed our (admittedly hyperbolic) 
journey to the future of simulation, we hope you appreciate 
that in the past few years, healthcare simulation has made an 
exponential transformation from a  best secret  to becoming a 
bona  fi de  best practice.  Few involved in its past could have 
imagined the speed, extent, and creative ways in which simu-
lation has been applied in its present future. It’s apparent that 
our only limitations are our imaginations. The future of 
healthcare simulation is here, bound in the pages of this text. 
It is our hope that by assembling this prestigious array of 
experts from around the world, their words and ideas will 
inspire others to make their own amazing contributions to 
healthcare simulation.

  “The best way to predict the future is to create it.”
—Peter Drucker (1909–2005),   

 In fl uential writer, consultant, 
and social ecologist  

   Reference and Note About the Quotes 

    1.    Gaba DM. The future vision of simulation in health care. Qual Saf 
Health Care. 2004;13:i2–10. 

 All quotes were provided via email.           
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   Appendix A: Simulation Center Sample 
Floorplans and Facility Pictures 

 In this special section, we have included brief descriptions as 
well as sample  fl oorplans and facilities pictures from several 
chapter authors’ centers. We have speci fi cally selected centers 
that represent a variety of design options from single discipline, 
one-room designs to multidisciplinary institutional-based cen-
ters. We hope that these virtual tours will provide the readers 
with ideas for their own center designs and upgrades. 

 — The Editors  

   Children’s Hospital of Philadelphia: Center for 
Simulation, Advanced Education, and Innovation 

 CPCE members utilize the resources provided by the Center 
for Simulation, Advanced Education and Innovation at 
CHOP, which operates within the division of anesthesiology 
and critical care medicine. The center facilitates the transla-
tion of scienti fi c discoveries into practical implementation 
for both research and clinical care. The center is directed by 
Vinay Nadkarni, MD, and Evelyn Lengetti, RN, MSN, and is 
administered by Stephanie Tuttle, MBA. 

 The images included represent one component of our pro-
gram. Known as OR 12, this small “in situ” complex is but 
one component of our virtual simulation center at CHOP. 

 Centralized classroom and skills lab training, satellite 
skills labs, and unit-based “virtual” lab exercises adjacent to 
patient care settings are routinely conducted. 

 The center is equipped with more than $500,000 of equip-
ment in the form of:

   Flat-screen simulators  • 
  Virtual reality technology  • 
  Simulation mannequins with software  • 
  Task trainers  • 
  De fi brillators  • 
  Video monitoring and programming equipment  • 
  10–12 PCs and monitors  • 
  A network server with secure storage  • 
  Video editing hardware and software  • 
  Disposable supplies    • 
 In addition, there are collaborative links with the 

7,000 ft 2  Brunner Technology Center at the Penn School 
of Nursing, which trains more than 8,000 simulation 
encounters annually, and the Measey Medical Simulation 
Center at the Penn School of Medicine. Both of these cen-
ters provide adjunctive expertise, equipment, and person-
nel to accomplish training and research objectives. These 
resources have been mobilized and committed to support 
the evolving Laerdal-funded CHOP Center of Excellence 
for Resuscitation Research (see Figs.  A.1 ,  A.2 ,  A.3 , 
and  A.4 ).      

         Appendices  
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  Fig. A.2            

  Fig. A.3            
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  Fig. A.4            
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   The Mount Sinai HELPS Center 

 The HELPS (Human Emulation, Education, and Evaluation 
Lab for Patient Safety) Center Program operates out of the 
state-of the-art HELPS Center which is owned and operated by 
the Department of Anesthesiology of the Mount Sinai School 
of Medicine. The program has been in operation since 1994, 
when the  fi rst simulator, based on the University of Florida’s 
Anesthesia Simulator, was acquired. Although owned and 
operated exclusively by the Department of Anesthesiology, our 
target audience is multidisciplinary and includes all levels of 
training from students to board-certi fi ed physicians. 

 The Department of Anesthesiology’s HELPS Center 
education complex is located in the department’s of fi ce 
space. The center occupies approximately 1,500 ft 2  and fea-
tures a large conference room (that seats approximately 40), 
a classroom (that seats approximately 20), and two fully 
functioning simulator rooms each capable of accommodat-
ing 15 students per room. Each simulator room is equipped 
with a dedicated CAE METI human patient simulator (HPS), 
patient monitor, computerized record keeper, and anesthesia 
delivery system. The center also houses two virtual reality 
bronchoscope/colonoscope simulators, a robotic intrave-
nous placement trainer, a neuraxial anesthesia part-task 
trainer, and a transesophageal echocardiography simulator. 

 The HELPS Center is supported by a state-of-the-art inte-
grated and custom-designed audiovisual system that includes 
four dedicated computers, one 65-in. plasma screen, and 
three wall-mounted 50-in. plasma screens each with overlaid 
“Smartboard” technology, enabling touch-screen capabili-
ties. There is a dedicated ceiling-mounted LCD projector 
coupled with an automated projection screen. There are also 
multiple camera installations in each simulator rooms and a 
Polycom for teleconferencing. 

 Due to space limitations the AV system was designed so 
that every room in the center can have multiple functions; 
they can serve as a stand-alone classroom or be “linked” 
through a custom bidirectional intercom system to create a 
1,500 ft 2  virtual classroom. Floor space conservation was 
also achieved by the omission of a control room (s). The 
AV system allows each room in the center to serve as a 
control room to any other room in the center, affording the 
operator the ability to wirelessly control the simulators and 
choose camera views and recording sources on the  fl y. The 
AV system also provides the ability to display and create 
video, CD, and DVD presentations. The custom-pro-
grammed touch-screen panels also enable local, national, 
and international telemedicine conferences from any loca-
tion in the center (see Figs.  A.5 ,  A.6 ,  A.7 ,  A.8 ,  A.9 ,  A.10 , 
and  A.11 ).         
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  Fig. A.6            

  Fig. A.7            
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  Fig. A.8            

  Fig. A.9            
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  Fig. A.10            

  Fig. A.11            
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   Children’s Hospital University of Alabama 
Birmingham (UAB) Simulation Center 

 The Pediatric Simulation Center at Children’s of Alabama is 
currently housed in four former patient rooms located in the 
main hospital facility just down the hall from patient care 
areas. One room has been adapted to be used as a confer-
ence/debrie fi ng space, and the three other rooms house simu-
lation activities. All rooms have cameras and the images can 
be viewed live in the conference room. Our center has pro-
vided learning opportunities for over 15,000 learners in its 
 fi rst 5 years both in this small facility and with in situ activi-
ties. We took a “low-budget” approach in which we placed 

the controller behind a curtain in the corner of each former 
patient room (instead of creating control booths in each 
room). Initially our nurse educator’s desk was also located in 
our conference room. We have recently added simulation 
screens which have augmented this approach. We can run 
simultaneous simulations in each of our three rooms and 
we’ve even used the hallway for neonatal simulations when 
necessary! We’ve been able to expand to include two small 
of fi ces and a storage area, but we make use of the hallway for 
daytime storage. We also  fi nd that our participants love our 
candy bowl (see Figs.  A.12 ,  A.13 ,  A.14 ,  A.15 ,  A.16 ,  A.17 , 
 A.18 , and  A.19 ).         

 (All photos were taken by Justine Cooper)  
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  Fig. A.13            

  Fig. A.14            
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  Fig. A.16            

  Fig. A.17            
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  Fig. A.18            

  Fig. A.19            
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   Virginia Commonwealth University (VCU) School 
of Dentistry 

 As part of the VCU Simulation Consortium, the VCU School 
of Dentistry joins VCU’s other health sciences schools in 
incorporating a range of simulation practices into its curricula, 
regularly exposing students to lifelike scenarios that reinforce 
and enhance knowledge gained from classroom education. 

 Realizing the potential    and the advantages of using the 
latest technologies available for teaching, the VCU School of 
Dentistry, like other leading dental schools worldwide, uses 
virtual reality-based technology to enhance and improve stu-
dents’ learning and performance. VCU dental students use 
this technology as part of their preclinical training, enabling 
them to treat patients earlier than in years past. 

   Virtual Reality Simulation Laboratory Layout 
 A schematic representation of the VCU virtual reality simu-
lation laboratory. A total of 20 simulators are placed in a 
relatively small space, where each simulator and operator 
has enough room to work in. There are two hexagons and 
two quads. At VCU School of Dentistry, each class has 
about 100 students. We have created a schedule in which a 
total of  fi ve groups rotate through the lab in 1 week, and so 
20 units work well with our curriculum. This layout also 
speci fi es the hand preference of the unit (L/R); however, 
each unit can be modi fi ed according to the student’s prefer-
ence. The instructor’s station is location to the left of the 
main entrance (E). The instructor can access each of the 
individual simulation computers from one main computer 
(server), send and receive instant messages to and from the 
students, and view the students work in real time without 
leaving the instructor’s station. Each procedure is also 
recorded in the system and may be reviewed by the student 
and/or the instructor following its completion, on any of the 
lab’s computers.  

   Virtual Reality Simulation Laboratory Hexagon 
 This picture shows one hexagon in the VCU virtual reality 
simulation laboratory. The simulator includes an infrared 

camera, an Adec dental unit, a computer, and a monitor. It is 
important to position the simulators, so there is minimal 
chance of people accidentally moving the cameras or inter-
fering with correct dental ergonomics. This setup has been 
working well.  

   Virtual Reality Simulation Laboratory 
 VCU School of Dentistry  fi rst year (D1) students practicing 
on the virtual reality simulator. The students use correct 
ergonomics, indirect vision, and follow OSHA guidelines 
while making cavity preparation in plastic teeth in a simu-
lated head. The students receive immediate feedback from 
the computer about their work (in the form of 3D images, 
written comments, and individualized scores).  

   Mannequin Simulation Laboratory Layout 
 A schematic representation of the standard mannequin labo-
ratory. There are 108 simulators that can be used for either 
right- or left-handed students (preferred locations for left-
handed students are highlighted). The instructor’s station is 
equipped with the latest audio visual technology that allows 
improved student engagement (e.g., projecting presentations, 
making demonstrations, and communicating with the stu-
dents as the class is progressing).  

   Mannequin Simulation Laboratory 
 This is a picture of the VCU School of Dentistry standard 
mannequin laboratory. The simulators include a torso, head, 
and articulators. Plastic typodonts with plastic or sterilized 
extracted teeth are magnetically attached to the articulator. 
The simulated dental unit has the same clinical features as 
the unit used for patient care. At VCU, all students of one 
class participate in a lab session together (approximately 100 
students in each year). The lab is divided into sections, and 
faculty members work with a group of 10–20 students per 
session (see Figs.  A.20 ,  A.21 ,  A.22 ,  A.23 ,  A.24 ,  A.25 ,  A.26 , 
and  A.27 ).           
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  Fig. A.22            
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  Fig. A.24            

  Fig. A.25            
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  Fig. A.26            

  Fig. A.27            
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   Mayo Clinic Florida Multidisciplinary Simulation 
Center 

 The Mayo Clinic Multidisciplinary Simulation Center trans-
forms clinical medical education by helping educators to 
develop, implement, and evaluate experiential curricula that 
advance patient care. 

 Our simulation center represents a living collaborative 
between all specialties and health-care professions at Mayo 
Clinic, where the needs of the patient come  fi rst. It is through 
this lens—to best serve our patients—that our simulation 
center works to fully realize the bene fi ts of simulation-based 
education and practice and research opportunities. Medical 
simulation has important lessons and applications for all 
involved in the risk-laden environment of health care. It pro-
vides the ideal environment for teaching health-care teams 
how to care for patients. By being allowed to make mistakes, 
learners can see the effects of those mistakes without harm-
ing patients. Simulation makes the learning environment 
come alive. 

 Medical centers of excellence must rise to the challenges 
of both demonstrated competence and scholarly analysis of 
ef fi cacy via scienti fi c methods, including the use of simula-
tion in medical education. 

 Mayo Clinic has applied its renowned collaborative prac-
tice model to explore and advance simulation education 
across specialties and professional roles to better educate 
practitioners. 

 The Florida center spans 9,500 ft 2 . There is a large lecture 
hall. There are two outpatient clinic rooms, a large ED suite, 
a large task training region, and a full-size OR. The OR can 
double as a radiographic simulation area (detailed picture 
available by request). There is a procedural skills lab for 
body parts that is fully endoscopically capable. There are 
two inpatient rooms or ICU rooms (they are the same in our 
hospital). The center is a direct replica of our hospital. It is 
very versatile and can be used in many settings. Each room 
has the capability of being  fl exible (see Figs.  A.28 ,  A.29 , 
 A.30 ,  A.31 ,  A.32 ,  A.33 , and  A.34 ).         
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  Fig. A.29            
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  Fig. A.31            

  Fig. A.32            
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   The New York Simulation Center for the Health 
Sciences 

 The mission of the New York Simulation Center for the 
Health Sciences (NYSIM) is to serve the academic needs of 
the health science schools and services of CUNY and NYU 
and to improve patient safety and quality of care. It is also our 
mission to provide simulation training for  fi rst responders to 
disasters in New York City. NYSIM is one of the most 
advanced facilities of this kind in the United States. It is being 

used actively by the NYU Langone Medical Center for train-
ing medical students and residents, by four nursing schools 
(Borough of Manhattan Community College, Hunter, NYU, 
and LaGuardia), by the Sophie Davis programs in Biomedical 
Sciences, by the NYU Langone Medical Center and Bellevue 
Hospitals for training nursing and medical staff, and by a host 
of allied health schools of the City University of New York 
including paramedic, physician assistant, and respiratory 
therapy training programs (see Figs.  A.35 ,  A.36 ,  A.37 ,  A.38 , 
 A.39 ,  A.40 ,  A.41 ,  A.42 , and  A.43 ).           

SIMULATION

FLEX / TRAUMA / ICU ENTRY CONFERENCE OSCE
N

NEW YORK UNIVERSITY
CITY UNIVERSITY OF NEW YORK

SIMULATION CENTER

Ballinger

SCHEMATIC DESIGN
AUGEST 24, 2011

ADMINISTRATION

  Fig. A.35            

  Fig. A.36            
  Fig. A.37            
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  Fig. A.38            

  Fig. A.39            
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  Fig. A.40            

  Fig. A.41            
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  Fig. A.42           

  Fig. A.43            
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   North Shore-Long Island Jewish: Patient Safety 
Institute, a Multidisciplinary Clinical Simulation 
Center 

 The health system advocates a zero-tolerance policy toward 
medical errors and infections and believes that better clinical 
education is key to bringing about this change. The Patient 
Safety Institute (PSI) features sophisticated, full-scale high-
 fi delity patient simulators with computer-based interactive 
technology. Faculty in control rooms with one-way mirrors 
manipulate the patient simulators to mimic diverse medical 
scenarios found in all areas of health care. PSI is adaptable to 
all clinical levels and allied health professions, and clinical 
teams from all over the health system have regularly sched-
uled sessions. Each program is customized in collaboration 
with each clinical team or discipline. Our programs integrate 
the aviation industry’s Crew Resource Management (CRM) 
program for multidisciplinary clinical teams. Using the con-
cept of deliberate practice, the high- fi delity medical simula-
tors give clinicians an opportunity to practice their clinical 
and cognitive skills in a team environment without putting 

patients in danger; they can be programmed to simulate a 
variety of life-or-death scenarios. An important part of the 
process is the debrie fi ng, where participants are guided to 
evaluate their recorded performance in a supportive and safe 
environment. The Patient Safety Institute is an important part 
of the curriculum for the new Hofstra North Shore-LIJ 
School of Medicine and in fact is referred to as part of the 
medical school’s “west campus.” 

 PSI features state-of-the-art medical simulators including 
adult, pediatric, neonate, endovascular, and obstetrical, to 
name a few. Numerous task trainers are also available and 
include heart/lung sounds, TEE, ultrasound, central line, 
etc. 

 The center itself is 45,000 ft 2  and is located off campus on 
two  fl oors of a private building. It is comprised of several 
multimedia classrooms, 2 computer labs, 2 operating rooms/
cardiac cath labs, 2 procedure rooms, a labor and delivery 
suite, 12 ICU-med/surge rooms, and 14 clinical skills exam 
rooms (standardized patient lab) (see Figs.  A.44 ,  A.45 ,  A.46 , 
 A.47 ,  A.48 ,  A.49 ,  A.50 ,  A.51 ,  A.52 ,  A.53 ,  A.54 ,  A.55 ,  A.56 , 
and  A.57 ).                   

Clinical
Skills
Center

Reception

Patient
Safety
Institute

Faculty SuiteLearning Center  Fig. A.44             
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  Fig. A.45            

  Fig. A.46            
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  Fig. A.47            

  Fig. A.48            
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  Fig. A.49            

  Fig. A.50            
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  Fig. A.51            

  Fig. A.52              Fig. A.53            
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  Fig. A.54            

  Fig. A.55            
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  Fig. A.56            

  Fig. A.57            
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   Appendix B: Terms and Terminology   

  Accreditation 
   a process in which a certi fi cation of competency, author-
ity, or credibility is presented.   

  Accreditation Council for Continuing Medical Education 
(ACCME) 

   a nonpro fi t corporation based in Chicago, responsible for 
accrediting US institutions that offer continuing medical 
education (CME) to physicians and other healthcare pro-
fessionals. ACCME also has a system for recognizing 
state medical societies as accreditors for local organiza-
tions offering CME. ACCME’s mission is to identify, 
develop, and promote rigorous national standards for 
quality CME that improve physician performance and 
medical care for patients and their communities. ACCME’s 
accreditation is a voluntary, self-regulatory system. 
ACCME’s seven-member organizations are the American 
Board of Medical Specialties (ABMS), the American 
Hospital Association (AHA), the American Medical 
Association (AMA), the Association of American Medical 
Colleges (AAMC), the Association for Hospital Medical 
Education (AHME), the Council of Medical Specialty 
Societies (CMSS), and the Federation of State Medical 
Boards of the United States (FSMB).   

  Amygdala 
   almond-shaped groups of nuclei considered part of the 
limbic system located in the medial/temporal lobes of the 
brain in complex vertebrates, including humans. They 
have been indicated in serving a primary role in memory 
and emotional reactions, bridging the connection between 
emotions and the formation of long-term memories.   

  Anesthesia 
   derived from the Greek “without sensation” and tradition-
ally associated with the condition of sensation (often nox-
ious) that is temporarily blocked or removed. Recently, it 
has been de fi ned as a more complex state of being in 
which the patient is pharmacologically induced into a 
reversible state of amnesia, analgesia, loss of responsive-
ness, loss of skeletal muscle re fl exes, or decreased stress 
response, either simultaneously or separately.   

  Anesthesiology 
   traditionally de fi ned as “the practice and study of anesthe-
sia and anesthetic agents” but recently has been further 
de fi ned as the study and practice of perioperative medi-
cine, ensuring optimal analgesia and maintenance of 
physiologic homeostasis throughout the preoperative, intra-
operative, and postoperative periods. Anesthesiologists 
may elect to subspecialize in anesthesia for particular 
types of surgery (cardiothoracic, obstetrical, neurosurgi-
cal, pediatric), regional anesthesia, acute or chronic pain 
medicine, or intensive care medicine.   

  Animal models 
   a living, nonhuman animal used during the research and 
investigation of human disease, for the purpose of better 
understanding the disease without the added risk of caus-
ing harm to an actual human being during the process. 
The animal chosen will usually meet a determined taxo-
nomic equivalency to humans so as to react to disease or 
its treatment in a way that most closes resembles the nec-
essary human physiology.   

  Anxiety 
   is a psychological and physiological state characterized 
by the displeasing feeling of fear and concern. It can be 
represented by a combination of somatic, emotional, cog-
nitive, and behavioral components and can occur in the 
presence or absence of psychological stress. Increased 
anxiety serves the purpose of increased vigilance regard-
ing potential threats in the environment as well as 
increased tendency to take proactive actions regarding 
such possible threats. It may also help an individual to 
deal with a demanding situation by prompting them to 
cope with it.   

  Arthroscopy 
   a minimally invasive surgical procedure in which an 
examination and sometimes treatment of damage of the 
interior of a joint is performed using an arthroscope, a 
type of endoscope that is inserted into the joint through a 
small incision.   

  Assessment 
   is the process of documenting, usually in measurable 
terms, a subject’s knowledge, skills, attitudes, and beliefs.   

  Battle fi eld medicine 
   also called  fi eld surgery and later combat casualty care, is 
the treatment of wounded soldiers in or near an area of 
combat. Civilian medicine has been greatly advanced by 
procedures that were  fi rst developed to treat the wounds 
in fl icted during combat. Battle fi eld medicine is a category 
of military medicine.   

  Business plan 
   a formal statement of a set of business goals, the reasons 
they are believed attainable, and the plan for reaching 
those goals. It may also contain background information 
about the organization or team attempting to reach those 
goals.   

  Cadaver 
   the body of a deceased human being, often for the pur-
pose of dissecting for medical education.   

  Cardiovascular surgery 
   is surgery on the heart or great vessels performed by spe-
cialized surgeons. Frequently, it is done to treat complica-
tions of ischemic heart disease, correct congenital heart 
malformations, or treat valvular heart disease. It also 
includes heart transplantation surgery.   
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  Cardiology 
   a specialty within medicine that deals with the study and 
treatment of various disorders of the heart such as con-
genital heart defects, coronary artery disease, heart fail-
ure, valvular heart disease, and electrophysiology.   

  Collaboration 
   the process where two or more people or organizations 
work together to realize shared goals, often with a deep, 
collective, determination to reach this identical objective.   

  Communication 
   is the exchange of thoughts, messages, or information, as 
by speech, visuals, signals, writing, or behavior.   

  Competency 
   having the state or quality of being adequately or well 
quali fi ed to do a job properly. It can also be a set of de fi ned 
behaviors that provide a structured guide enabling the 
identi fi cation, evaluation, and development of the behav-
iors in an individual’s ability to perform a speci fi c role.   

  Complex adaptive system 
   a system encompassing a complex, self-similar collection 
of interacting adaptive agents.  Complex  implies that they 
are dynamic networks of interactions and relationships 
not aggregations of static entities. They are  adaptive  in 
that their individual and collective behavior changes as a 
result of experience. Examples of complex adaptive sys-
tems include the stock market, social insect and ant colo-
nies, the biosphere and the ecosystem, the brain and the 
immune system, manufacturing businesses, and social 
systems such as communities.   

  Complexity 
   many parts working in an intricate arrangement, often 
involving dynamic networks and relationships.   

  Computer simulation 
   is a computer program, or network of computers, that 
attempts to simulate an abstract model of a particular sys-
tem. Computer simulations have become a useful part of 
mathematical modeling of many natural systems in phys-
ics, astrophysics, chemistry, and biology. It has also been 
applied to human systems in economics, social science, 
psychology, and engineering.   

  Confederate 
   is an individual other than the patient who is scripted in a 
simulation to provide realism, additional challenges, or 
additional information for the learner.   

  Construct validity 
   Construct validity refers to “the degree to which a test 
measures what it claims, or purports, to be measuring.” In 
other words it occurs whenever a test is to be interpreted 
as a measure of some attribute or quality which is not 
operationally de fi ned. In lay terms, construct validity 
examines the question: “Does the measure behave like the 
theory says a measure of that construct should behave?”   

  Content validity 
   Content validity (also known as logical validity) refers to 
the extent to which a measure represents all facets of a 
given social construct. For example, a depression scale 
may lack content validity if it only assesses the affective 
dimension of depression but fails to take into account the 
behavioral dimension. Content validity is different from 
face validity, which refers not to what the test actually 
measures, but to what it super fi cially appears to measure. 
Content validity requires the use of recognized subject 
matter experts to evaluate whether test items assess 
de fi ned content and more rigorous statistical tests than 
does the assessment of face validity.   

  Continuing education 
   is an all-encompassing term within a broad spectrum of 
post-secondary learning activities and programs. The term 
is used mainly in the United States and Canada. Recognized 
forms of post-secondary learning activities within the 
domain include degree credit courses by nontraditional 
students, nondegree career training, workforce training, 
formal personal enrichment courses (both on-campus and 
online), self-directed learning (such as through Internet 
interest groups, clubs, or personal research activities), and 
experiential learning as applied to problem solving.   

  Continuing education provider 
   an organization or individual that offers an approved con-
tinuing education course and that is authorized by the 
contractor to offer the course to a licensee for credit 
toward the licensee’s continuing education requirements.   

  Continuing medical education 
   a speci fi c form of continuing education (CE) that helps 
those in the medical  fi eld maintain competence and learn 
about new and developing areas of their  fi eld. These 
activities may take place as live events, written publica-
tions, online programs, audio, video, or other electronic 
media. Content for these programs are developed, 
reviewed, and delivered by faculty who are experts in 
their individual clinical areas.   

  Cortisol 
   also known more formally as hydrocortisone, is a steroid 
hormone, more speci fi cally a glucocorticoid, produced by 
the zona fasciculata of the adrenal gland. It is released in 
response to stress and a low level of blood glucocorti-
coids. Its primary functions are to increase blood sugar 
through gluconeogenesis, suppress the immune system, 
and aid in fat, protein, and carbohydrate metabolism.   

  Credentialing 
   is the process of establishing the quali fi cations of licensed 
professionals, organizational members or organizations, 
and assessing their background and legitimacy. The pro-
cess is generally an objective evaluation of a subject’s 
current licensure, training or experience, competence, and 
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ability to provide particular services or perform particular 
procedures.   

  Crisis resource management 
   originally de fi ned in the airline industry as “Crew Resource 
Management,” and it promotes safety by addressing the 
behavioral and cognitive skills needed to effectively man-
age all available resources, especially during a crisis situa-
tion. This can be accomplished through the development 
of superior nontechnical skills such as communication, 
teamwork, situational awareness, and leadership.   

  Curriculum integration 
   in many American medical schools, an integrated curricu-
lum refers to a non-compartmentalized approach to basic 
science learning. As opposed to traditional medical cur-
riculum, which separates subjects such as embryology, 
physiology, pathology, and anatomy, integrated curricula 
alternate lectures on these subjects over the course of the 
 fi rst 2 years. The course of study is instead organized 
around organ systems (such as “cardiovascular” or “gas-
trointestinal”). Another major component of the integrated 
medical curriculum is problem-based learning.   

  Cut suit 
   a product created by Strategic Operations, Inc. (STOPS) 
that developed the Human Worn Partial Task Surgical 
Simulator (aka “Cut Suit”) that supports two separate 
training requirements; the  fi rst is for tactical combat casu-
alty care (TCCC) and the second as a surgical simulator. 
The Cut Suit used in realistic scenarios simulates the 
treatment of the three most common causes of prevent-
able death on the battle fi eld: hemorrhage from extremity 
wounds, tension pneumothorax, and airway compromise.   

  Debrie fi ng 
   refers to conversational sessions that revolve around the 
sharing and examining of information after a speci fi c 
event has taken place. Depending on the situation, 
debrie fi ng can serve a variety of purposes. For example, 
these sessions can be used for military, psychological, or 
even academic purposes.   

  Deployment cycle 
   that period of time from the commencement of one 
deployment to the commencement of the next deploy-
ment. Deployment is de fi ned as the assignment of mili-
tary personnel to tours of duty.   

  Echocardiography 
   often referred to in the medical community as a cardiac 
ECHO or simply an ECHO, and is a sonogram of the 
heart. Also known as a cardiac ultrasound, it uses stan-
dard ultrasound techniques to image two-dimensional 
slices of the heart. The latest ultrasound systems now 
employ 3D real-time imaging. Echocardiography has 
become routinely used in the diagnosis, management, and 
follow-up of patients with any suspected or known heart 

diseases. It is one of the most widely used diagnostic tests 
in cardiology. It can provide a wealth of helpful informa-
tion, including the size and shape of the heart (internal 
chamber size quanti fi cation), pumping capacity, and the 
location and extent of any tissue damage.   

  Education 
   in its broadest, general sense is the means through which 
the aims and habits of a group of people lives on from one 
generation to the next    [  1    ]. Generally, it occurs through 
any experience that has a formative effect on the way one 
thinks, feels, or acts. In its narrow, technical sense, educa-
tion is the formal process by which society deliberately 
transmits its accumulated knowledge, skills, customs, and 
values from one generation to another, for example, 
instruction in schools.   

  Educational theory 
   refers to either speculative educational thought in general 
or to a theory of education as something that guides, 
explains, or describes educational practice.   

  Emergency medicine 
   a medical specialty in which physicians care for patients 
with acute illnesses or injuries which require immediate 
medical attention. While not usually providing long-term 
or continuing care, emergency medicine physicians diag-
nose a variety of illnesses and undertake acute interven-
tions to resuscitate and stabilize patients.   

  Emotional memory 
   emotion can have a powerful impact on memory. 
Numerous studies have shown that the most vivid memo-
ries tend to be of emotional events, which are likely to be 
recalled more often and with more clarity and detail than 
neutral events. The activity of emotionally enhanced 
memory retention can be linked to human evolution; dur-
ing early development, responsive behavior to environ-
mental events would have progressed as a process of trial 
and error. Survival depended on behavioral patterns that 
were repeated or reinforced through life and death 
situations.   

  Endoscopy 
   means looking inside and typically refers to looking 
inside the body for medical reasons using an endoscope, 
an instrument used to examine the interior of a hollow 
organ or cavity of the body. Unlike most other medical 
imaging devices, endoscopes are inserted directly into 
the organ.   

  Endoscopy simulation 
   a simulator or device that allows for extensive training 
with an endoscope without using actual patients.   

  Experiential learning 
   is the process of making meaning from direct experi-
ence. Simply put, experiential learning is learning from 
experience. The experience can be staged or left open. 

http://en.wikipedia.org/wiki/Education
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Experiential learning is learning through re fl ection on 
doing, which is often contrasted with rote or didactic 
learning.   

  Face validity 
   Face validity is the extent to which a test is subjectively 
viewed as covering the concept it purports to measure. It 
refers to the transparency or relevance of a test as they 
appear to test participants. Face validity assesses whether 
the test “looks valid” to the examinees who take it, the 
administrative personnel who decide on its use, and other 
technically untrained observers. In simulation, the  fi rst 
goal of the simulation modeler is to construct a model that 
appears reasonable on its face to model users and others 
who are knowledgeable about the real system being 
simulated.   

  Facilitation 
   broadly used to describe any activity which makes tasks 
for others easy, or tasks that are assisted.   

  Facility design 
   architecture, exterior and interior design, and construc-
tion of facilities other than hospitals (e.g., dental schools, 
medical schools, ambulatory care clinics, and speci fi ed 
units of healthcare facilities). The concept also includes 
architecture, design, and construction of specialized con-
tained, controlled, or closed research environments 
including those of space labs and stations.   

  Fellowship 
   the period of medical training in the United States and 
Canada that a physician may undertake after completing a 
specialty-training program (residency). During this time 
(usually more than 1 year), the physician is known as a 
fellow. Fellows are capable of acting as attending physi-
cian or consulting physician in the generalist  fi eld in 
which they were trained, such as internal medicine or 
pediatrics. After completing a fellowship in the relevant 
subspecialty, the physician is permitted to practice with-
out direct supervision by other physicians in that subspe-
cialty, such as cardiology or oncology.   

  Financial analysis 
   refers to an assessment of the viability, stability, and 
pro fi tability of a business, sub-business, or project. It is 
performed by professionals who prepare reports using 
ratios that make use of information taken from  fi nancial 
statements and other reports. These reports are usually 
presented to top management as one of their bases in 
making business decisions.   

  Flight 
   the process by which an object moves, through an atmo-
sphere (or air) or beyond it (as in the case of space fl ight), 
by generating aerodynamic lift, propulsive thrust, aero-
statically by buoyancy, or by ballistic movement, without 
direct support from any surface.   

  Fracture 
   is the (local) separation of an object or material into 
two, or more, pieces under the action of stress. Often 
applied to the bones of living creatures, such as a bone 
fracture.   

  Full-scale simulation 
   a device or scenario that allows simulation of tasks related 
to applicable learners for a given operational requirement. 
It is capable of simulating the operational environment 
(e.g., audio, visual, and tactile) to achieve maximum real-
ism and training effectiveness.   

  Funding agencies 
   are organizations that provide research funding in the 
form of research grants or scholarships.   

  Gastroenterology 
   is a branch of medicine focused on the digestive system 
and its disorders. Diseases affecting the gastrointestinal 
tract, which includes the organs from mouth to anus, along 
the alimentary canal, are the focus of this specialty.   

  General surgery 
   is a surgical specialty that focuses on abdominal intes-
tines including esophagus, stomach, small bowel, colon, 
liver, pancreas, gallbladder and bile ducts, and often the 
thyroid gland. They also deal with diseases involving the 
skin, breast, soft tissue, and hernias.   

  Graduate medical education 
   refers to any type of formal medical education, usually 
hospital-sponsored or hospital-based training, pursued 
after receipt of the MD or DO degree in the USA. This 
education includes internship, residency, subspecialty and 
fellowship programs, and leads to state licensure and 
board certi fi cation.   

  Gynecology 
   is the medical practice dealing with the health of the female 
reproductive system (uterus, vagina, and ovaries). Literally, 
outside medicine, it means “the science of women.”   

  Haptic 
   refers to the sense of touch (from Greek  p  t  w  = “I fasten 
onto, I touch”). It is a tactile feedback technology which 
takes advantage of the sense of touch by applying forces, 
vibrations, or motions to the user. This mechanical stimu-
lation can be used to assist in the creation of virtual objects 
in a computer simulation, to control such virtual objects, 
and to enhance the remote control of machines and devices 
(telerobotics). Haptic devices may incorporate tactile sen-
sors that measure forces exerted by the user on the 
interface.   

  Healthcare 
   is the diagnosis, treatment, and prevention of disease, ill-
ness, injury, and other physical and mental impairments 
in humans. Healthcare is delivered by practitioners in 
medicine, chiropractic, dentistry, nursing, pharmacy, 
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allied health, and other care providers. It refers to the 
work done in providing primary care, secondary care, and 
tertiary care, as well as in public health.   

  High- fi delity 
  is most commonly a term for the high-quality reproduc-
tion of sound or images. In simulation, it refers to the 
quality of the simulation as it pertains to reproducing 
actual events.   

  History 
   is the discovery, collection, organization, and presentation 
of information about past events.   

  Humor 
   is the tendency of particular cognitive experiences to pro-
voke laughter and provide amusement. The term derives 
from the humoral medicine of the ancient Greeks, which 
taught that the balance of  fl uids in the human body, known 
as humors (Latin: humor, “body  fl uid”), controls human 
health and emotion.   

  Hyperrealistic environment 
   Strategic Operations Inc., on the lot of Stu Segall 
Productions, a full-service TV/movie studio, provides 
“Hyper-RealisticTM” training services and products for 
military, law enforcement, and other organizations respon-
sible for homeland security. The company employs state-
of-the-art Hollywood battle fi eld special effects, combat 
wound effects, role players, subject matter experts, combat 
training coordinators, and training scenarios to create 
training environments that are the most unique in the 
industry.   

  Innovation 
   is the creation of better or more effective products, pro-
cesses, services, technologies, or ideas that are readily 
available to markets, governments, and society. Innovation 
differs from invention in that innovation refers to the use 
of better and, as a result, novel idea or method, whereas 
invention refers more directly to the creation of the idea or 
method itself.   

  Intensive care 
   is a branch of medicine concerned with the diagnosis and 
management of life-threatening conditions requiring 
sophisticated organ support and invasive monitoring.   

  Internal medicine 
   is the medical specialty dealing with the prevention, 
diagnosis, and treatment of adult diseases. Physicians 
specializing in internal medicine are called internists. 
They are especially skilled in the management of patients 
who have undifferentiated or multisystem disease pro-
cesses. Internists care for hospitalized and ambulatory 
patients and may play a major role in teaching and 
research.   

  International Meeting on Simulation in Healthcare 
   (IMSH) is the world’s largest annual conference dedicated 
to healthcare simulation learning, research, and scholar-

ship. The program consists of approximately 300 sessions 
in various format styles and offers something for every 
simulation professional. From large plenary sessions to 
small, interactive immersive courses, attendees can expect 
to encounter a comprehensive array of learning forums 
and styles. Leading experts in the  fi eld of healthcare sim-
ulation are encouraged to attend and present on various 
topics in the  fi eld of simulation.   

  Laparoscopic urology training 
   is a rapidly evolving branch of urology and has replaced 
some open surgical procedures. Robot-assisted surgery 
of the prostate, kidney, and ureter has been expanding 
this  fi eld. Today, many prostatectomies and nephrecto-
mies in the United States are carried out by laparoscopic 
or robotic assistance. As a result many residency training 
programs in urology place laparoscopic training as a high 
priority.   

  Laparoscopy 
   also called minimally invasive surgery (MIS), bandaid 
surgery, or keyhole surgery and is a modern surgical 
technique in which operations in the abdomen are per-
formed through small incisions (usually 0.5–1.5 cm) as 
opposed to the larger incisions needed in laparotomy. 
The key element in laparoscopic surgery is the use of a 
laparoscope. There are two types: (1) a telescopic rod 
lens system that is usually connected to a video camera 
(single chip or three chip) or (2) a digital laparoscope 
where the charge-coupled device is placed at the end of 
the laparoscope, eliminating the rod lens system. Also 
attached is a  fi ber-optic cable system connected to a 
“cold” light source (halogen or xenon), to illuminate the 
operative  fi eld, inserted through a 5 or 10 mm cannula or 
trocar to view the operative  fi eld. The abdomen is usually 
insuf fl ated, or essentially blown up like a balloon, with 
carbon dioxide gas. This elevates the abdominal wall 
above the internal organs like a dome to create a working 
and viewing space. CO 

2
  is used because it is common to 

the human body and can be absorbed by tissue and 
removed by the respiratory system. It is also 
non fl ammable, which is important because electrosurgi-
cal devices are commonly used in laparoscopic 
procedures.   

  Leadership 
   is “organizing a group of people to achieve a common 
goal.” The leader may or may not have any formal author-
ity. Students of leadership have produced theories involv-
ing traits, situational interaction, function, behavior, 
power, vision and values, charisma, and intelligence, 
among others. Somebody whom people follow: some-
body who guides or directs others. It has been described 
as “a process of social in fl uence in which one person can 
enlist the aid and support of others in the accomplishment 
of a common task.”   
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  Learning 
   is acquiring new, or modifying existing, knowledge, 
behaviors, skills, values, or preferences and may involve 
synthesizing different types of information. The ability to 
learn is possessed by humans, animals, and some 
machines. Progress over time tends to follow learning 
curves. Learning is not compulsory, it is contextual. It 
does not happen all at once but builds upon and is shaped 
by what we already know. To that end, learning may be 
viewed as a process, rather than a collection of factual and 
procedural knowledge.   

  Maintenance of Certi fi cation (MOC) 
   is the process of keeping physician certi fi cation up to date 
through 1 of the 24 approved medical specialty boards of 
the American Board of Medical Specialties (ABMS). The 
Maintenance of Certi fi cation program provides an ongo-
ing process designed to help physicians keep up to date in 
advances in their  fi elds, develop better practice systems, 
and demonstrate lifelong learning. Several components 
must be met: 
  Professional standing : physicians must have a valid, unre-
stricted license to practice medicine and con fi rmation of 
good standing in their local practice community. 
  Lifelong learning and self-assessment : through examina-
tions developed by ABMS member boards, physicians 
assess their clinical and practical knowledge. This com-
ponent stimulates learning, requires that physicians docu-
ment their learning, and ensures that physicians keep up 
with the rapidly evolving medical knowledge essential to 
quality patient care. 
  Cognitive expertise : physicians are required to pass a 
closed-book, proctored examination in their specialty area 
that assesses critical aspects of clinical knowledge and 
judgment in scenarios like those encountered in physician 
practice. This examination evaluates not only what physi-
cians know but how they use what they know to promote 
health, diagnose, and treat illness effectively and 
ef fi ciently. 
  Practice performance assessment : physicians use tools to 
self-assess their performance in medical practice, with an 
emphasis on patient care quality, measurement, and docu-
mented quality improvement. These assessment tools 
include various Practice Improvement Modules (PIMs) 
that evaluate physicians’ performance in a clinical area 
relevant to their practice, compare their performance to 
clinical guidelines, help them to develop a plan to improve 
important aspects of their practice, and assess the impact 
of that improvement plan.   

  Maintenance of Certi fi cation for Anesthesiology 
   is the process of keeping physician certi fi cation up to date 
in the specialty of anesthesiology. The Maintenance of 
Certi fi cation program provides an ongoing process that 
was designed to help physicians keep abreast of advances 

in their  fi elds, develop better practice systems, and dem-
onstrate a commitment to lifelong learning. Physicians 
need to have—and maintain—the clinical judgment and 
skills upon which high-quality care depends. Each MOCA 
cycle is a 10-year period that includes ongoing  lifelong 
learning and self-assessment , continual assessment of 
professional standing (medical licensure), periodic assess-
ments of practice performance, and a decennial assess-
ment of cognitive expertise. MOCA is an opportunity for 
physicians to improve their skills in six general compe-
tencies—medical knowledge, patient care, practice-based 
learning and improvement, professionalism, interpersonal 
and communication skills, and systems-based practice. 
ABA diplomats certi fi ed in 2000 or after hold a time-lim-
ited certi fi cate and are enrolled in MOCA after initial 
board certi fi cation. This allows them the full 10-year 
period to meet all requirements. To avoid expiration of 
certi fi cation, all MOCA requirements must be completed 
within the 10-year period. Participation in MOCA by 
non-time-limited diplomates, those certi fi ed before 2000, 
is voluntary and encouraged.   

  Mannequin 
   is often an articulated doll used by artists, tailors, dress-
makers, and others especially to display or  fi t clothing. 
The term is also used for life-sized dolls with simulated 
airways used in the teaching of  fi rst aid, CPR, and 
advanced airway management skills such as tracheal intu-
bation and for human  fi gures used in computer simulation 
to model the behavior of the human body. During the 
1950s, mannequins were used in nuclear tests to help 
illustrate the effects of nuclear weapons on human beings. 
Mannequin comes from the French word mannequin, 
which had acquired the meaning “an artist’s jointed 
model,” which in turn came from the Middle Dutch word 
mannequin, meaning “little man,  fi gurine.”   

  Medical education 
   is education related to the practice of being a medical 
practitioner, either the initial training to become a doctor 
(i.e., medical school and internship), additional training 
thereafter (e.g., residency and fellowship), or physician 
assistant education. Medical education and training varies 
considerably across the world. Various teaching method-
ologies have been utilized in medical education, which is 
an active area of educational research.   

  Memory 
   is the processes by which information is encoded, stored, 
and retrieved. Encoding allows information that is from 
the outside world to reach our senses in the forms of 
chemical and physical stimuli. In this  fi rst stage we must 
change the information so that we may put the memory 
into the encoding process. Storage is the second memory 
stage or process. This entails that we maintain informa-
tion over periods of time. Finally the third process is 
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retrieval. This is the retrieval of information that we have 
stored. We must locate it and return it to our conscious-
ness. Some retrieval attempts may be effortless due to the 
type of information.   

  Mental health 
   describes a level of psychological well-being, or an 
absence of a mental disorder. From the perspective of 
“positive psychology” or “holism,” mental health may 
include an individual’s ability to enjoy life and create a 
balance between life activities and efforts to achieve psy-
chological resilience. Mental health can also be de fi ned as 
an expression of emotions and as signifying a successful 
adaptation to a range of demands.   

  Mentor 
   a term meaning someone who imparts wisdom to and 
shares knowledge with a less experienced colleague.   

  Mentoring 
   is a personal developmental relationship in which a more 
experienced or more knowledgeable person helps to guide 
a less experienced or less knowledgeable person. However, 
true mentoring is more than just answering occasional 
questions or providing ad hoc help. It is about an ongoing 
relationship of learning, dialog, and challenge. Mentoring 
is a process for the informal transmission of knowledge, 
social capital, and the psychosocial support perceived by 
the recipient as relevant to work, career, or professional 
development; mentoring entails informal communication, 
usually face to face and during a sustained period of time, 
between a person who is perceived to have greater rele-
vant knowledge, wisdom, or experience (the mentor) and 
a person who is perceived to have less (the protégé).”    The 
person in receipt of mentorship may be referred to as a 
protégé (male), a protégée (female), an apprentice, or, in 
recent years, a mentee.   

  Microsurgery 
   is a general term for surgery requiring an operating micro-
scope. The most obvious developments have been proce-
dures developed to allow anastomosis of successively 
smaller blood vessels and nerves (typically 1 mm in diam-
eter) which have allowed transfer of tissue from one part 
of the body to another and reattachment of severed parts.   

  Mission 
   is a statement of the purpose of a company or organiza-
tion. The mission statement should guide the actions of 
the organization, spell out its overall goal, provide a path, 
and guide decision-making.   

  Moulage    
  a French term to mean (1) a mold, as of a footprint, made 
for use in a criminal investigation, and (2) the making of 
such a mold or cast, as with plaster of Paris. For simula-
tion it has meant to mean the makeup and molds applied 
to actors or mannequins used to portray lesions, skin 
 fi ndings, and bleeding and traumatized areas.   

  National organization 
   an organization or membership that is represented at a 
national level.   

  Neonatal 
   in medical contexts, newborn or neonate (from Latin, 
neonatus, newborn) refers to an infant in the  fi rst 28 days 
after birth; the term applies to premature infants, postma-
ture infants, and full-term infants.   

  Neurosurgery 
   is the medical specialty concerned with the prevention, 
diagnosis, treatment, and rehabilitation of disorders which 
affect any portion of the nervous system including the 
brain, spinal cord, peripheral nerves, and extracranial 
cerebrovascular system.   

  Nursing education 
   consists in the theoretical and practical training provided 
to nurses with the purpose to prepare them for their duties 
as nursing care professionals. This education is provided 
to nursing students by experienced nurses and other medi-
cal professionals who have quali fi ed or are experienced 
for educational tasks.   

  Obstetrics 
   (from the Latin obstare, “to stand by”) is the medical spe-
cialty dealing with the care of all women’s reproductive 
tracts and their children during pregnancy (prenatal 
period), childbirth, and the postnatal period.   

  Ophthalmic training programs 
   ophthalmologists are medical doctors (MD/MBBS or DO, 
not OD or BOptom) who have completed a college degree, 
medical school, and residency in ophthalmology. In many 
countries, ophthalmologists also undergo additional spe-
cialized training in one of the many subspecialties. 
Ophthalmology was the  fi rst branch of medicine to offer 
board certi fi cation, now a standard practice among all 
specialties.   

  Ophthalmic wet labs 
   surgical training laboratories (wet labs) have been 
shown to be an effective method for developing surgical 
pro fi ciency. Wet labs provide a risk-free environment in 
which residents are introduced to the technical aspects 
of surgery. Wet labs are a particularly important train-
ing tool in helping residents develop competency in 
cataract surgery. The delicate nature of ocular tissue 
and the small scale of the eye’s anatomical components 
result in a low tolerance for error. Wet labs typically use 
human cadaver, porcine, or manufactured eyes. Although 
porcine eyes are readily available, they differ 
signi fi cantly from human eyes, with the former having 
large anterior chambers, thick and more elastic anterior 
capsules, and large, soft lenses. Manufactured eyes 
from various materials can simulate portions of the pro-
cedure, such as nucleus removal, but are not as helpful 
for practicing other steps.   
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  Objective    structured assessment of technical skills (OSATS) 
  a multi-station examination with segments of six to eight 
stations performed on anatomical models. Candidates 
move from station to station marked by a quali fi ed sur-
geon, who grades on two marking systems, task-speci fi c 
checklists and global rating scales.   

  Part   -task 
  refers to the parts of a concept or procedure and is often 
used in training particular skills separately or understand-
ing incrementally in a context that allows them to under-
stand how the part-tasks  fi t into the whole process or 
concept being studied.   

  Part-task trainer 
   task trainers are mechanical parts of the anatomy that 
simulate an individual skill. For example, an adult arm 
with an electronic trainer is used to teach nursing students 
how to take a person’s blood pressure. According to 
Laerdal Medical’s website, “Task trainers allow for 
repeated practice of individual skills while developing 
competency and con fi dence.” Another advantage to using 
the task trainer is its relatively low cost. The disadvantage 
is that these trainers are low  fi delity, so they should be 
used with beginning students.   

  Patient safety 
   a new healthcare discipline that emphasizes the reporting, 
analysis, and prevention of medical error that often leads 
to adverse healthcare events. The frequency and magni-
tude of avoidable adverse patient events was not well 
known until the 1990s, when multiple countries reported 
staggering numbers of patients harmed and killed by 
medical errors. Recognizing that healthcare errors impact 
one in every ten patients around the world, the World 
Health Organization calls patient safety an endemic 
concern.   

  Patient simulation 
   a branch of simulation technology related to education 
and training in medical  fi elds of various industries. It 
can involve simulated human patients, educational doc-
uments with detailed simulated animations, casualty 
assessment in homeland security and military situa-
tions, and emergency response. Its main purpose is to 
train medical professionals to reduce accidents during 
surgery, prescription, and general practice. However, it 
is now used to train students in anatomy and physiol-
ogy during their clinical training as allied health pro-
fessionals. These professions include nursing, 
sonography, pharmacy assistants, and physical 
therapy.   

  Pediatrics 
   is the branch of medicine that deals with the medical care 
of infants, children, and adolescents. A medical practitio-
ner who specializes in this area is known as a pediatrician, 
or paediatrician.   

  PHANTOM ®  
   are specially designed objects that are scanned or imaged 
in the  fi eld of medical imaging to evaluate, analyze, and 
tune the performance of various imaging devices. These 
objects are more readily available and provide more con-
sistent results than the use of a living subject or cadaver 
and likewise avoid subjecting a living subject to direct 
risk. Phantoms were originally employed for use in 2D 
x-ray-based imaging techniques such as radiography or 
 fl uoroscopy, though more recently phantoms with desired 
imaging characteristics have been developed for 3D tech-
niques such as MRI, CT, ultrasound, PET, and other imag-
ing methods or modalities.   

  Physical examination 
   is the process by which a doctor investigates the body of 
a patient for signs of disease. It generally follows the 
taking of the medical history—an account of the symp-
toms as experienced by the patient. Together with the 
medical history, the physical examination aids in deter-
mining the correct diagnosis and devising the treatment 
plan. This data then becomes part of the medical 
record.   

  Pioneer 
   one who opens up new areas of thought, research, or 
development.   

  Primary care 
   is the term for the health services by providers who act 
as the principal point of consultation for patients within 
a healthcare system. Such a professional can be a pri-
mary care physician, such as a general practitioner or 
family physician, or depending on the locality, health 
system organization, and patient’s discretion, they may 
see a pharmacist, a physician assistant, a nurse practi-
tioner, a nurse (such as in the UK), a clinical of fi cer 
(such as in parts of Africa), or an Ayurvedic or other 
traditional medicine professional (such as in parts of 
Asia). Depending on the nature of the health condition, 
patients may then be referred for secondary or tertiary 
care.   

  Procedural trainers 
   trainers or simulators designed to help re fi ne a learner’s 
skills in performing a particular procedure. They are lim-
ited in scope and designed to obtain the same results under 
the same circumstances.   

  Procedure 
   is a set of actions or operations which have to be executed 
in the same manner in order to always obtain the same 
result under the same circumstances (e.g., emergency 
procedures).   

  Project management 
   is the discipline of planning, organizing, securing, man-
aging, leading, and controlling resources to achieve 
speci fi c goals.   
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  Psychiatry 
   is the medical specialty devoted to the study and treat-
ment of mental disorders. These mental disorders include 
various affective, behavioral, cognitive, and perceptual 
abnormalities.   

  Pulmonary medicine 
   is the medical specialty dealing with disease involving the 
respiratory tract. Pulmonology often involves managing 
patients who need life support and mechanical ventilation. 
Pulmonologists are specially trained in diseases and con-
ditions of the chest, particularly pneumonia, asthma, tuber-
culosis, emphysema, and complicated chest infections.   

  Re fl ection 
   is the capacity of humans to exercise introspection and the 
willingness to learn more about their fundamental nature, 
purpose, and essence. The earliest historical records dem-
onstrate the great interest which humanity has had in 
itself. Human self-re fl ection invariably leads to inquiry 
into the human condition and the essence of humankind 
as a whole.   

  Research 
   is creative work undertaken systematically to increase the 
stock of knowledge, including knowledge of humanity, 
culture, and society, and the use of this stock of knowl-
edge to devise new applications. It is used to establish or 
con fi rm facts, reaf fi rm the results of previous work, solve 
new or existing problems, support theorems, or develop 
new theories. A research project may also be an expan-
sion on past work in the  fi eld. To test the validity of instru-
ments, procedures, or experiments, research may replicate 
elements of prior projects, or the project as a whole. The 
primary purposes of basic research (as opposed to applied 
research) are documentation, discovery, interpretation, or 
the research and development of methods and systems for 
the advancement of human knowledge.   

  Residency 
   is a stage of graduate medical training. A resident physi-
cian or resident (also called a specialty registrar/ST doc-
tor in the UK and several commonwealth countries) is a 
person who has received a medical degree (usually either 
a MD, or MBBS, MBChB, BMed) and who practices 
medicine under the supervision of fully licensed physi-
cians, usually in a hospital or clinic. Residencies are also 
available, and may be required, for students graduating 
from pharmacy, physical therapy, and optometry schools. 
In the USA, the training of osteopaths, podiatrists, and 
dentists may also involve a residency period.   

  Review 
   is an evaluation of a publication; a product; a service or a 
company such as a movie (a movie review), video game, 
musical composition (music review of a composition or 
recording), and book (book review); a piece of hardware 

like a car, home appliance, or computer; or an event or 
performance such as a live music concert, a play, musical 
theater show, or dance show. In addition to a critical eval-
uation, the review’s author may assign the work a rating 
to indicate its relative merit.   

  Robotic surgery 
   computer-assisted surgery and robotically assisted sur-
gery are terms for technological developments that use 
robotic systems to aid in surgical procedures. Robotically 
assisted surgery was developed to overcome both the lim-
itations of minimally invasive surgery and to enhance the 
capabilities of surgeons performing open surgery.   

  Salivary cortisol 
   was  fi rst introduced to psychobiological stress research 
almost two decades ago. Among the pioneers to use this 
method, Stahl and Dorner (Stahl and Dorner, 1982) inves-
tigated changes in cortisol levels in response to medical 
diagnostic procedures in several patient populations. They 
were able to show that cortisol levels can increase mani-
fold within short periods after onset of stimulation.   

  SawBones ®  
   a company offering “hands-on” anatomical workshop 
models for medical education, new product demonstra-
tion, sales training, and patient awareness.   

  Screen-based simulator 
   screen-based or PC-based simulations are human-com-
puter interactions that allow students to experience a vari-
ety of medical skills and procedures. This is best used with 
entry-level students. They can practice with basic skills at 
their own pace. The cost is relatively inexpensive—a com-
puter and a CD. However, the simulation is low  fi delity, 
meaning not very lifelike. It should not take the place of 
more realistic simulations or patient-student interactions.   

  Sedation 
   is the reduction of irritability or agitation by administra-
tion of sedative drugs, generally to facilitate a medical 
procedure or diagnostic procedure.   

  Simulated clinical experience 
   are based upon real-life clinical scenarios and utilize the 
simulated environment to provide a hands-on, safe clini-
cal environment in which students have complete auton-
omy in providing patient care and decision-making. They 
are free to make mistakes, enabling them to see the real 
effects of any errors in interpretation of assessment 
 fi ndings.   

  Simulated participant 
   the student or “learner” involved in the simulation or sim-
ulated event.   

  Simulated patient 
   in healthcare, is an individual who is trained to act as a 
real patient in order to simulate a set of symptoms or 
problems. Simulated patients have been successfully used 
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in medical education, nursing education, evaluation, and 
research. Recent technology has allowed for the simulated 
patient to exist as a mannequin, robot, or Web- or com-
puter-based avatar.   

  Simulation 
   is the imitation of the operation of a real-world process or 
system over time. The act of simulating something  fi rst 
requires that a model be developed; this model represents 
the key characteristics or behaviors of the selected physical 
or abstract system or process. The model represents the sys-
tem itself, whereas the simulation represents the operation 
of the system over time. Simulation is used in many con-
texts, such as simulation of technology for performance 
optimization, safety engineering, testing, training, educa-
tion, and video games. Training simulators include  fl ight 
simulators for training aircraft pilots to provide them with a 
lifelike experience. Simulation is also used with scienti fi c 
modeling of natural systems or human systems to gain 
insight into their functioning. Simulation can be used to 
show the eventual real effects of alternative conditions and 
courses of action. Simulation is also used when the real sys-
tem cannot be engaged, because it may not be accessible, or 
it may be dangerous or unacceptable to engage, or it is 
being designed but not yet built, or it may simply not exist.   

  Simulation-based medical education (SBME) 
   is one form of medical education that allows students to 
learn via trial and error in a simulated environment. SBME 
works well with all forms of classroom learning such as 
lectures, problem solving, in hospital teaching, and other 
traditional forms of education. Several advantages appear 
while using this approach such as patient safety, higher 
knowledge retaining, teamwork, competence, and skill at 
the bedside.   

  Simulation center 
   an institution designed to conduct simulation, simulated 
events, debrie fi ng, and educational activities.   

  Simulation funding 
   adequate funding is necessary to set up and run a success-
ful simulation center. Grants and contributions from out-
side sources make up the majority of this funding.   

  Standardized patient 
   a simulated patient, standardized patient, or sample patient 
(SP) (also known as a patient instructor), in healthcare, is 
an individual who is trained to act as a real patient in order 
to simulate a set of symptoms or problems. Simulated 
patients have been successfully used in medical educa-
tion, nursing education, evaluation, and research.   

  Stress    
  in psychology, stress is a concept about the condition that 
can be described as feeling of strain and pressure, feeling 
of anxiety and being overwhelmed, overall irritability, 
feeling of being insecure, nervousness, social withdrawal, 

loss of appetite, depression, panic attacks, exhaustion, 
high or low blood pressure, skin problems, insomnia, lack 
of sexual desire (sexual dysfunction), migraine, gastroin-
testinal problems (constipation or diarrhea), and for 
women menstrual problems, may cause more serious con-
ditions like heart problems.   

  Stress inoculation 
   stress-inoculation training (or SIT) is a cognitive behav-
ioral concept where the basic goal is to help people gain 
con fi dence in their ability to cope with anxiety and fear 
stemming from trauma-related reminders. In SIT, the 
teacher helps the learner become more aware of what 
things are reminders (also referred to as “cues”) for fear 
and anxiety. In addition, students learn a variety of coping 
skills that are useful in managing anxiety, such as muscle 
relaxation and deep breathing. Participants learn how to 
detect and identify cues as soon as they appear so that 
they can put the newly learned coping skills into immedi-
ate action. In doing so, the participant can tackle the anxi-
ety and stress early on before it gets out of control.   

  Structured and supported debrie fi ng 
   a form of debrie fi ng using structured and supported ele-
ments. Structured elements include three speci fi c 
debrie fi ng phases with related goals, actions, and time 
estimates. Supported elements include both interpersonal 
support and use of protocols, algorithms, and best evi-
dence to inform debrie fi ng statements/questions. 
A learner-centric process designed to standardize the 
instructor/student post-event interaction to assist learners 
in thinking about what they did, when they did it, how 
they did it, why they did it, and how they can improve.   

  Student 
   is a learner, or someone who attends an educational insti-
tution. In some nations, the English term (or its cognate in 
another language) is reserved for those who attend univer-
sity, while a schoolchild under the age of 18 is called a 
pupil in English (or an equivalent in other languages). In 
its widest use, student is used for anyone who is 
learning.   

  Surgical simulation 
   refers to a virtual reality simulation of surgical procedures. 
Such simulations are used to practice often-dangerous sur-
gical procedures without the need for an actual patient. 
The virtual reality simulation is used as an analog for the 
actual surgery where doctors can practice on a virtual 
patient before performing the surgery. Surgery simulation 
would give an objective evaluation of a surgeon’s dexterity 
combined with a more intensive training activity. It would 
allow the simulation of rare pathological cases and could 
simulate the interaction with several organs. Complications 
can be introduced during the surgery testing the user on 
real-world scenarios. Virtually trained students may be 
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more pro fi cient and make fewer errors, and would thus be 
better prepared to assist during surgery.   

  Systems engineering 
   is an interdisciplinary  fi eld of engineering focusing on 
how complex engineering projects should be designed and 
managed over their life cycles. Issues such as logistics, the 
coordination of different teams, and automatic control of 
machinery become more dif fi cult when dealing with large, 
complex projects. Systems engineering deals with work 
processes and tools to manage risks on such projects, and 
it overlaps with both technical and human-centered disci-
plines such as control engineering, industrial engineering, 
organizational studies, and project management.   

  Systems integration 
   in engineering, system integration is the bringing 
together of the component subsystems into one system 
and ensuring that the subsystems function together as a 
system. In information technology, systems integration 
is the process of linking together different computing 
systems and software applications physically or func-
tionally, to act as a coordinated whole.   

  Teacher 
   one who teaches or instructs; one whose business or occu-
pation is to instruct others; an instructor; a tutor.   

  Teamwork 
   in healthcare, teamwork is “those behaviors that facilitate 
effective team member interaction,” with “team” de fi ned 
as “a group of two or more individuals who perform some 
work-related task, interact with one another dynamically, 
have a shared past, have a foreseeable shared future, and 
share a common fate.”   

  Technical skills 
   technical job skills refer to the talent and expertise a per-
son possesses to perform a certain job or task. Also called 
“hard skills,” as opposed to soft skills, which refer to per-
sonality and character traits.   

  Thoracic surgery 
   surgical specialty focused on the surgical treatment of dis-
eases involving organs within the thorax, such as the lungs 
and great vessels; see also Cardiothoracic Surgery.   

  Training 
   is the acquisition of knowledge, skills, and competencies 
as a result of the teaching of vocational or practical skills 
and knowledge that relate to speci fi c useful competen-
cies. Training has speci fi c goals of improving one’s capa-
bility, capacity, and performance.   

  Transrectal ultrasound simulation 
   transrectal ultrasound creates an image of organs in the pel-
vis. The most common indication for transrectal ultrasound 
is for the evaluation of the prostate gland in men with ele-
vated prostate-speci fi c antigen or prostatic nodules on digi-
tal rectal exam. Ultrasound may reveal prostate cancer, 
benign prostatic hypertrophy, or prostatitis. Computerized 
imaging simulation exists to help train residents in obtain-
ing better images without the use of patients.   

  Ureteroscopy training 
   Ureteroscopy is an examination of the upper urinary tract, 
usually performed with an endoscope that is passed 
through the urethra, bladder, and then directly into the 
ureter. The procedure is useful in the diagnosis and the 
treatment of disorders such as kidney stones. Ureteroscopy 
trainers are haptics-based simulators which can help resi-
dents further hone their skills.   

  Virtual reality 
   is a term that applies to computer-simulated environments 
that can simulate physical presence in places in the real 
world, as well as in imaginary worlds. Most current vir-
tual reality environments are primarily visual experiences, 
displayed either on a computer screen or through special 
stereoscopic displays, but some simulations include addi-
tional sensory information, such as sound through speak-
ers or headphones.   

  Virtual simulation 
   the simulated environment can be similar to the real 
world in order to create a lifelike experience—for exam-
ple, in simulations for pilot or combat training—or it can 
differ signi fi cantly from reality, such as in VR games. In 
practice, it is currently very dif fi cult to create a high-
 fi delity virtual reality experience, due largely to technical 
limitations on processing power, image resolution, and 
communication bandwidth; however, the technology’s 
proponents hope that such limitations will be overcome 
as processor, imaging, and data communication technol-
ogies become more powerful and cost effective over 
time.   

  Web-based simulation 
   is the invocation of computer simulation services over the 
World Wide Web, speci fi cally through a Web browser. 
Increasingly, the Web is being looked upon as an environ-
ment for providing modeling and simulation applications 
and, as such, is an emerging area of investigation within 
the simulation community.            
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