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The adjective “pediatric” applies to patients ranging from those born at a gestational age of 
22–23 weeks with a birth weight of approximately 500 g to young adults aged 21 years stand-
ing 2 m in height and weighing more than 100 kg. Addressing many anatomic, physiologic, 
developmental, and psychological differences in pediatric patients creates tremendous chal-
lenges for the healthcare professionals charged with their care, and training those professionals 
to provide competent, compassionate, and developmentally appropriate care is similarly dif-
ficult. These and other challenges serve as a major driving force behind pediatric simulation.

Comprehensive Healthcare Simulation: Pediatrics is written by leaders in the field and 
encompasses many wide-ranging aspects of pediatric simulation. The first few chapters of 
the book focus on the importance of scenario design and debriefing as key elements of sim-
ulation-based learning methodologies. The significance of covering these core topics early 
while simulation technologies are discussed later should not be overlooked—indeed, unless 
one understands how to optimally employ simulation-based methodologies, one cannot make 
proper use of associated technologies. Issues unique to different pediatric subspecialties are 
covered in detail, providing helpful hints for the effective use of simulation in these domains. 
Attention is also paid to important subjects such as simulation instructor development and 
simulation-based research. Key themes, such as patient safety and human performance, are 
woven throughout the text.

Driven by the desire to improve the care of children, many of the authors who contrib-
uted to this text are also members (in some cases, founding members) of the International 
Pediatric Simulation Society (IPSS) and/or the International Network for Simulation-based 
Pediatric Innovation, Research, and Education (INSPIRE). IPSS sponsors the International 
Pediatric Simulation Symposia and Workshops (IPSSW)—an annual forum for the clinicians, 
investigators, and educators in the field of pediatric simulation—and hosts monthly webinars 
and publishes a quarterly newsletter. Through the INSPIRE network, investigators conduct 
simulation-based research, typically on a multicenter level, to advance the quality of clinical 
care provided to pediatric patients around the world. Taken in sum, efforts such as this text, 
IPSS, and INSPIRE are indicative of the passion and dedication that pediatric healthcare pro-
fessionals bring to this domain.

As you can see from this body of work, the field of pediatric simulation has made tremen-
dous progress in a relatively brief period of time. Yet many challenges remain, and we should 
not be content with the current state of our knowledge and expertise. Other high-risk indus-
tries are well ahead of health care in achieving a level of safety and effectiveness of which 
we should be envious. On the human side, we need to become more knowledgeable about 
the many ergonomic/human factors and issues that affect our ability to deliver care. From 
a technical standpoint, our physical patient simulators require better physiologic models so 
that their responses to interventions are more realistic. In general, more emphasis needs to be 
placed upon developing virtual reality-based tools and hybrid devices (physical + virtual com-
ponents) to allow more flexible learning opportunities that can be tailored to meet the needs 
of individual healthcare professionals. In addition, the simulation research agenda should be 
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carefully aligned with the most relevant and important clinical questions to ensure that the 
research that is funded and conducted actually improves clinical care. While the authors cited 
in this text may lead some of these initiatives, we all need to collaborate in order to push the 
field forward.

I look forward to seeing this progress become manifest in the coming years and reading the 
next edition of this comprehensive, well-organized, and practical text.

  Louis Patrick Halamek, M.D., F.A.A.P.
  Division of Neonatal and Developmental Medicine
  Department of Pediatrics
  School of Medicine
  Stanford University
  The Center for Advanced Pediatric and Perinatal Education
  Packard Children’s Hospital at Stanford
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Preface

There has been tremendous growth in the field of pediatric simulation over the last couple of 
decades. Emerging from small pockets of simulation in neonatal care, emergency medicine, 
anesthesia, critical care, and transport medicine in various places around the world, pediatric 
simulation has evolved with the establishment of large hospital- and university-based pediatric 
simulation programs and the development of national and international pediatric simulation 
networks. Pediatric simulation programs have also evolved from delivering scenario-based 
simulations into sophisticated education, patient safety, and research programs, including the 
development of formal faculty development curricula and pediatric simulation fellowship pro-
grams. There are currently more than 125 pediatric simulation programs in over 25 coun-
tries around the world. National networks such as the Canadian Pediatric Simulation Network 
(CPSN) were developed to share experience and resources, promote standardization of cur-
ricula on a national scale, and collaborate on pediatric education and research projects [1]. On 
a global level, the development of the International Pediatric Simulation Society (IPSS) has 
been a remarkable step forward in consolidating the efforts of simulation educators around 
the world, including advocacy for regions where resources are limited. IPSS was established 
to promote and support interprofessional and multidisciplinary education and research for all 
clinical specialties and professions that care for infants, children, and adolescents. IPSS orga-
nizes an annual meeting bringing together leaders in the field of pediatric simulation. 2015 
marks the seventh anniversary of the International Pediatric Simulation Symposia and Work-
shops (IPSSW), a conference that has been marching around the globe in various international 
venues, providing opportunities to collaborate and cross-fertilize across borders and to pro-
mote excellence in simulation education delivery and research [2].

The science of pediatric simulation has also grown dramatically in the past decade, as 
evidenced by both the volume of research being performed and the impact of the outcomes 
observed [3, 4]. Initial studies that focused primarily on whether learners felt engaged in sim-
ulation-based learning and whether it improved their confidence have been replaced by studies 
looking at short- and long-term clinical and behavioral performance, patient outcomes as well 
as the objective evaluation of various instructional design features for simulation-based educa-
tion (SBE). A recent meta-analysis identified 57 studies involving over 3500 learners where 
SBE was used to teach pediatrics. When studies compared simulation to no intervention, effect 
sizes were found to be large for the outcomes of knowledge, performance in a simulated set-
ting, behavior with patients, and time to task completion [5]. The authors suggested that future 
research should include comparative studies that identify optimal instructional methods (i.e., 
comparing SBE to other methods of education) and include pediatric-specific issues in SBE 
interventions.

Other areas where novel work is being done include human factors, patient safety, interpro-
fessional education, family and patient teaching, innovative devices, and systems-based inter-
ventions [6–19]. Pediatric simulation-based research has also been buoyed by collaboration 
between pediatric simulation programs [20, 21]. The evolution of the International Network 
for Simulation-based Pediatric Innovation, Research and Education (INSPIRE) represents a 
major step forward in the ability to perform adequately powered research to answer many 
fundamental questions in the delivery and outcomes of SBE (www.inspiresim.com). As of 
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March 2014, INSPIRE has an active membership of more than 500 simulation educators and 
researchers spanning 26 countries [22].

The art of pediatric simulation has also advanced past the level of turning on a mannequin 
and running a scenario or having learners practice on a task trainer. Simulation is now being 
used in novel ways: to teach trainees and professionals how to conduct difficult conversa-
tions (e.g., breaking bad news to families, disclosing medical errors, disclosing non-accidental 
trauma (child abuse), discussions around end-of-life care and organ donation); to educate par-
ents and other caregivers (including school faculty and staff) of patients with known medi-
cal needs (e.g., seizure disorder, tracheostomy care, anaphylaxis, among others), potentially 
also impacting discharge planning and hospital bed utilization; and to facilitate learning and 
debriefing around hospital-wide systems issues (e.g., patient safety, adequacy of clinical space, 
adequacy of response teams, building and outfitting of new space, testing of hospital response 
to large-scale disasters or child abduction/missing patients). You will read about these and 
many other new uses of simulation in pediatrics in the chapters of this book [23]. It appears 
that there is no element of health care and delivery that cannot be impacted by the use of simu-
lation, either in training or assessment.

It is this tremendous growth and development that has provided impetus for Comprehen-
sive Healthcare Simulation: Pediatrics to be written. As one of the first volumes in the new 
series, Comprehensive Healthcare Simulation (Levine and DeMaria, Series Editors), con-
ceived to complement The Comprehensive Textbook of Healthcare Simulation (2013) [24], 
this book marks the incredible achievements of the international pediatric simulation com-
munity in working together collaboratively to remain on the “cutting edge” of simulation-
based healthcare training. The authors who have contributed to this textbook are established 
experts in pediatric simulation, and we are proud to have their collective contribution to this 
volume. We hope this book will be a valuable resource to all simulation-based educators and 
researchers, not just for those from pediatric backgrounds. Whether you are setting up a simu-
lation program, recruiting teachers and learners for simulation training, designing scenarios, 
approaching administration and donors for funding, or trying to understand and measure the 
impact of your work, we hope this comprehensive resource meets all your needs related to 
simulation. Although some of the content is not specifically “pediatric” in nature, all of the 
information is applicable to developing, growing, delivering, and measuring safe and effective 
simulation-based training. Part 1 covers the topics that we perceive as the fundamentals of 
simulation for pediatrics, and includes everything related to developing, organizing, and using 
simulation for training and assessment. Part 2 covers simulation modalities, technologies, and 
environments for pediatrics, and reviews all of the various types of simulation available to the 
healthcare educator. Part 3 covers simulation for professional development in pediatrics and 
includes simulation along the healthcare continuum, competency-based education, and inter-
professional education. Part 4 is a complete review of simulation as it pertains to the various 
areas and subspecialties of pediatrics, including novel uses of simulation in rural environ-
ments, resource-limited settings, and for family-centered care. Part 5 is devoted to simulation 
program development in pediatrics, covering operations, administration, and education and 
research program development. Part 6 reviews the entire spectrum of pediatric simulation 
research, and Part 7 outlines the future of pediatric simulation.

We would like to thank all of the contributors for their dedication and hard work in prepar-
ing the high-quality work that forms the content of this textbook. We are honored and privi-
leged to work with you all. We would like to thank everyone in our home simulation program 
(KidSIM Pediatric Simulation Program at Alberta Children’s Hospital), local hospital and 
health authority administration (Alberta Children’s Hospital and eSIM Provincial Simulation 
Programs of Alberta Health Services), and university department (Department of Pediatrics at 
the Cumming School of Medicine at the University of Calgary) for their ongoing support of 
all of the academic work that we do. We are privileged to represent such a dedicated group of 
clinical care providers, educators, researchers, and leaders. Finally, and most importantly, we 
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would like to thank our families, who sacrifice a great deal so that we can help contribute to 
the growth and development of pediatric simulation on a global scale. We really believe the 
collective work of the pediatric simulation community is creating a safer world for our kids to 
grow up in.

We wish you all good fortune on your journey in simulation. Enjoy the book!

  Vincent J. Grant, MD, FRCPC
  Adam Cheng, MD, FRCPC
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1Cognitive Load and Stress in 
Simulation

Choon Looi Bong, Kristin Fraser and Denis Oriot

© Springer International Publishing Switzerland 2016
V. J. Grant, A. Cheng (eds.), Comprehensive Healthcare Simulation: Pediatrics, 
Comprehensive Healthcare Simulation, DOI 10.1007/978-3-319-24187-6_1

C. L. Bong ()
Department of Paediatric Anaesthesia, KK Women’s and Children’s 
Hospital, Duke-NUS Graduate Medical School, Yong Loo Lin School 
of Medicine, 100 Bukit Timah Road, 229899 Singapore, Singapore
e-mail: bong.choon.looi@singhealth.com.sg

K. Fraser
Department of Medicine, Division of Respirology, Cumming School 
of Medicine, Alberta Health Services, 7007 14St SW, Calgary, AB 
T2V 1P9, Canada
e-mail: kristin.fraser@albertahealthservices.ca

D. Oriot
Simulation Laboratory, Department of Emergency Medicine, Uni-
versity of Poitiers, University Hospital, 6 rue de la Miletrie, 86000 
Poitiers, France
e-mail: denis.oriot@univ-poitiers.fr

Simulation Pearls

• Simulation training induces profound biological and psy-
chological stress responses in the learners, which can be 
measured using objective and subjective markers.

• The effects of stress on learning and performance in simu-
lation varies according to task difficulty, learner’s profi-
ciency, team dynamics, individual personality traits, and 
coping styles, as well as socio-evaluative factors such as 
perceived appraisal from peers, observers, and precep-
tors.

• Stress that is clinically relevant and integral to the objec-
tives of a scenario has a role in simulation design. How-
ever, stress contributes to extraneous cognitive load, an 
excess of which impairs the function of working memory, 
increasing the risk of cognitive overload and poorer learn-
ing outcomes.

• The optimal amount of stress for learning and perfor-
mance is learner specific, task specific, and situation 
specific. One should consider the limitations of work-
ing memory when adding stress to enhance realism or 
learner engagement. Modification of nonessential stress-
ors should be considered during all stages of simulation 
instruction.

Without stress, there would be no life. (Hans Selye)

The Stress Response

Stress is a common word used in our daily conversations but 
is a concept that is difficult to define in scientific terms. In 
physics, stress refers to the pressure or tension exerted on a 
material object. In a medical or biological context, it refers 
to a physical, mental, or emotional factor that causes bodily 
or mental tension. In psychological terms, stress refers to 
the biological and emotional responses when encountering a 
threat that one feels that he or she may not have the resources 
to deal with. Stress is a highly individualistic experience that 
depends on specific psychological determinants that trigger 
a stress response [1].

Biological Stress Response

Han Selye first described the biological stress response in 
1936. He defined stress as “the non-specific response of the 
body to any demand for change” [2] and showed that a va-
riety of physical stressors such as fasting, extreme cold, and 
operative injuries all cause similar physical changes in the 
body, such as enlargement of the adrenal gland, atrophy of 
the thymus, and gastric ulceration. We now know the bio-
logical basis to this stress response. When a situation is inter-
preted as being stressful, it triggers the activation of the sym-
pathetic nervous system (SNS), which produces epinephrine 
and norepinephrine, as well as the hypothalamic–pituitary–
adrenal (HPA) axis, whereby neurons in the hypothalamus 
release corticotrophin-releasing hormone which triggers the 
release of adenocorticotrophin hormone (ACTH) from the 
pituitary, which in turn triggers the release of the hormone 
cortisol from the adrenal glands. These hormones act on the 
body to give rise to the fight-or-flight response, manifested 
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as an increase in heart rate (HR), blood pressure (BP), respi-
ratory rate, etc. (Fig. 1.1).

Psychological Stress Response

In addition to physical stressors, the biological stress re-
sponse can be triggered by a variety of psychological condi-
tions, induced by one’s interpretation of events. Stress has 
been described as the result of interaction between three 
elements: the perceived demand on an individual, the indi-
vidual’s perceived ability to cope, and the perception of the 
importance of being able to cope with the demand [3]. When 
one perceives that one’s resources are sufficient to meet the 
demands, the situation is assessed as a challenge, leading to a 

positive psychological state of eustress. When one perceives 
that the demands are outweighing the resources, the situation 
is assessed as a threat, leading to a negative psychological 
response of distress [4], causing a variety of affective states, 
the most common being anxiety.

Work in the 1960s [5] measured stress hormone levels in 
individuals subjected to various potentially stressful condi-
tions and described three main psychological determinants 
that would induce a stress response. In order for a situation 
to induce a stress response, it has to be interpreted as being 
novel, unpredictable, and uncontrollable. Subsequently, a 
fourth element was added, namely, a threat to the ego. Simu-
lation training contains all four of the above elements and 
has indeed been shown to induce a measurable physiological 
stress response [6, 7].
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Hypothalamus

Sympathetic
Nervous System

Sympathetic
Chain

CRH

ACTH

Cortisol

Fight or Flight
Response

Adrenal
Cortex

Adrenal
Medulla

Kidney

Epinephrine
Norepinephrine

Pituitary

Hypothalamic-
Pituitary-
Adrenal Axis
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Measures of Stress Response in Simulation

No single method exists for measuring stress directly. Stress 
levels can only be approximated by measuring its effects, 
either on the subject’s perceptions of themselves (subjective 
measures) or on their physiologic state (objective measures) 
[8].

Subjective Measurements

A wide variety of questionnaires have been developed to as-
sess the psychological factors that are associated with stress. 
Many of these have been used for subjects’ self-reporting of 
stress in simulation studies. The State Trait Anxiety Inven-
tory (STAI) is a validated measure of stress and is widely 
used in simulation studies [9]. Other examples include the 
Depression, Anxiety, Stress Scale (DASS) and its short ver-
sion (DASS-21) [10, 11], the Visual Analogue Scale (VAS) 
[12], and various Likert scales [13].

Objective Measurements

Physiological States
• Heart rate (HR): An increase in HR results from endog-

enous catecholamine release and is used in many studies 
as a proxy measure for stress [6, 7, 14].

• Heart rate variability (HRV): Changes in the interval 
between consecutive heartbeats and is an indicator of 
sympatho–vagal balance during stress. HRV changes 
with stress or autonomic activity and typically increases 
in times of stress [15].

• Blood pressure (BP): An increase in BP is another indi-
rect measure of SNS activation but may be difficult to 
measure during simulation training.

• Skin conductance level (SCL): This measures the electri-
cal conductance of the skin. An increase in stress level 
increases SNS activity, which increases sweat gland 
activity and skin moisture thus increasing skin conduc-
tance [16].

• Electroculogram: This utilizes an ergonomic workstation 
to count the number of eye blinks during surgical skills 
training. Increase in stress levels increases the number of 
eye blinks [17].

Hormone Levels
• Salivary cortisol (SC):Cortisol is secreted following the 

activation of the HPA axis and SC measurement allows 
the noninvasive measurement of plasma cortisol levels. 
SC is a well-established biomarker of stress and has been 
used in numerous clinical and behavioral studies over the 
past few decades. SC has been shown to be synchronous 

with serum cortisol concentration across the 24-h time 
frame [18] and easily measured with a simple enzyme 
immunoassay [19]. Cortisol levels peak at 30–40 min 
after the onset of stressors [20]. The concentration of 
SC closely approximates the plasma concentration, with 
a lag time of approximately 15 min. SC concentrations 
show a diurnal variation, with highest values in the morn-
ing, declining throughout the day towards afternoon and 
evening [21]. Cortisol reactivity to stressful situations 
can differ according to time of the day [21, 22], so stud-
ies measuring SC should ideally be conducted at simi-
lar times during the day to avoid potential confounding 
effects from inter- and intraindividual differences in the 
diurnal pattern of cortisol secretion.

• Salivary alpha-amylase (sAA): sAA is a digestive enzyme 
synthesized by the salivary glands and released in 
response to SNS activation [23]. sAA is increasingly used 
as a surrogate marker for SNS activity in current biobe-
havioral research. Following a psychological stressor, the 
increase in sAA is more rapid than SC and is significantly 
correlated with increases in plasma norepinephrine [24, 
25]. Like SC, sAA activity also exhibits a diurnal rhythm 
but within a smaller range, with a pronounced decrease 
within 60 min after awakening and a steady increase dur-
ing the course of the day [26].

Combined Measurements

• Studies on the effects of stress in simulation-based educa-
tion (SBE) lack uniformity in the measurement of stress 
[8]. A variety of different physiological markers such as 
HR, SCL, eye blinks, and SC have been used to quantify 
stress. The use of different markers of stress in differ-
ent studies renders it difficult to compare and generalize 
results. Most studies utilize only one objective measure-
ment of stress, making it difficult to assess the reliability 
and validity. Besides, there are discrepancies between 
learner’s perceived stress levels and their physiological 
stress levels. For example, there is significant correla-
tion between STAI scores and sAA levels [25] but not 
SC levels [27]. There are also significant differences 
between perceived stress (subjects’ self-report) and con-
current physiological stress responses (HR, respiratory 
sinus arrhythmia, and SC), as well as inverse associations 
between HR responsiveness and the subsequent appraisal 
of stress [28]. Thus, using a combination of perceived and 
physiological markers of stress may be more reliable than 
using a single measure to assess individual differences in 
stress responsiveness.

The Imperial Stress Assessment Tool (ISAT), comprising a 
combination of HR, SC, and the short version of the STAI is 
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a nonintrusive and reliable approach combining subjective 
and objective methods for measuring stress in the operating 
room [29]. Use of such composite tools, combining subjec-
tive and objective stress measurements, may increase our un-
derstanding of the effects of stress on clinical performance 
and outcomes.

Studies on Stress Response in Simulation

Simulation Training Is Associated with a 
Measurable Stress Response over a Predictable 
Time Course

Several studies have demonstrated that high-fidelity SBE 
training is associated with a measurable stress response over 
a predictable time course [7, 8, 30]. Physicians participat-
ing in SBE experienced a measurable stress response, as evi-
denced by an increase in HR and SC over a predictable time 
frame from baseline to just prior to the simulation session, 
peaking at the end of the simulation session and decreasing, 
but remaining above baseline at the end of the debriefing. 
In contrast, physicians participating in tutorial-based train-
ing did not experience a stress response. Another study of 
physicians found that the stress response in 32 intensivists 
undergoing two different types of SBE found a significant 
increase in both SC and sAA levels immediately after the test 
scenarios [8]. Fifteen minutes after the scenario, the sAA de-
creased to baseline levels, but SC levels remained elevated.

All Active Participants in a Simulation Scenario 
Exhibit a Stress Response, Irrespective of Role

Physicians, nurses, and technicians all exhibit a stress re-
sponse during SBE [7]. Measurement of stress and learning 
in residents and medical students undergoing difficult air-
way scenarios in the roles of team leader, procedure chief, or 
team member showed that both stress and learning appeared 
similar irrespective of the participant’s roles in a simulation 
scenario [31]. There was no correlation between the stress 
response and learning outcomes.

Simulation Training Can Be More Stressful Than 
Real-Life Conditions

Simulation can be a profoundly stressful experience. The 
stress response of 31 medical students subjected to SBE 
(simulated medical crisis), laboratory stress (public speak-
ing), and rest conditions was studied [32]. SC and psycho-
logical responses (VAS) were assessed every 15 min from 

15 min prior to until 60 min after intervention. SBE was 
found to be a profound stressor. SC responses were similar 
between SBE and public speaking, but psychological stress 
was greater during SBE compared to public speaking. Simi-
larly, HR and BP measured during the practical examination 
in an Advanced Trauma Life Support (ATLS) course and 
compared with the values taken during real-life clinical care 
in the emergency room, revealed that the stress values during 
the simulated scenario were higher than those measured in 
real cases [33]. In nurse anesthesia students, SBE raised SC 
levels threefold above baseline levels, while actual clinical 
experience in the operating room did not [34].

Stress and Learning

Cognitive Load Theory

Similar to the word stress, cognitive load is a term that has 
been used by different disciplines to describe related but 
slightly different concepts [35, 36]. Cognitive load theory 
(CLT) is a specific theory of instructional design. Its origin 
dates back to the sentinel work of Miller in the 1950s when 
he established that the human working memory is only ca-
pable of processing a limited number of novel information 
elements at a given time [37]. It is well established that if 
the capacity of working memory is exceeded then learning 
will be impaired. In the late 1980s, John Sweller developed 
CLT based on this model of human cognitive architecture 
to explain why some types of learning instruction are not 
effective in spite of excellent content [38]. Cognitive load 
researchers applying this concept have since derived a dozen 
effects that should be considered when developing instruc-
tional materials [39]. An example is the split attention effect, 
stating that when essential information is given to learners in 
a divided fashion, such that one piece of information must 
be held in working memory while awaiting the second piece, 
the cognitive load is increased and learning is impaired. By 
instructing in a non-split format (e.g., integrating text into a 
diagram rather than leaving it in a legend outside of a dia-
gram), learning outcomes improve and reported cognitive 
load drops [40]. While the many effects described by the 
theory have been worked out in traditional classrooms, it is 
logical to apply the findings to a more complex environment 
such as SBE since our working memory resources remain 
finite, regardless of expertise. A brief description of CLT is 
given below, and interested readers are directed to a more 
extensive review of the theory applied to medical educa-
tion [41]. It is important to emphasize that CLT relates only 
to learning and not to performance. The effects of working 
memory limitations on performance are presented in the next 
section.
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Types of Cognitive Load

CLT describes two types of cognitive load: that which is in-
trinsic to the task (its difficulty depends on the expertise of 
the learner) and that which is extraneous to the task (due to 
ineffective instructional methods). These loads are summa-
tive and must not exceed limitations of the working memory.

Intrinsic Load
When to-be-learned materials are relatively simple with few 
interacting elements, intrinsic cognitive load is low and cog-
nitive load issues are unlikely to arise. However, multiple in-
teracting elements cause high cognitive load since they must 
be considered simultaneously in working memory [42]. The 
intrinsic load of medical simulation is necessarily high due 
to the complexity of medical practice where multiple sources 
of information are presented simultaneously for processing. 
Nonetheless, complex problems can be addressed by bring-
ing previously processed, organized, and stored information 
from long-term memory into working memory in the form of 
single schemata or chunks [43]. These elements do not take 
up precious working memory resources as they have already 
been learned and can be automatically applied.

Reducing Intrinsic Load in Simulation CLT describes sev-
eral strategies for reducing intrinsic load, generally methods 
to reduce tasks into manageable chunks and allow practice of 
each chunk until it is effectively stored in long-term memory. 
Thereafter, large amounts of information can eventually be 
manipulated in working memory in the form of these chunks 
without overloading working memory resources. An exam-
ple in simulation would be learning technical skills such as 
intubation or defibrillation separately, prior to an immersive 
SBE event incorporating an advanced cardiac life support 
(ACLS) algorithm. Stress that is considered essential to 
training, such as the time pressure of securing an airway, is 
an intrinsic cognitive load that needs to be scaffolded into the 
training to prevent overloading of working memory.

Extraneous Load
Most work within a CLT framework has investigated the 
negative consequences of extraneous cognitive load caused 
by inappropriate instructional methods, such as the split-
attention effect discussed above. In applying this CLT prin-
ciple to the simulation setting, one could consider design-
ing the information flow for learners in a scenario so that 
important patient information is consolidated on a patient 
chart, rather than having learners search out data from mul-
tiple sources such as patient history, chart review, or fam-
ily interview. Such a format would clearly lessen the load 
on working memory and would be an excellent strategy for 
novice learners who will have a very high intrinsic load due 
to medical content itself. Similarly, if other features of the 

simulation, such as a communication challenge, were going 
to require significant mental resources, then reducing the 
extraneous load of having to search for information would 
be desirable. However, presenting information in such a low 
extraneous load format may not be (1) realistic, which could 
impair learning by reducing participant engagement; (2) pos-
sible, given the unpredictability of what learners will actu-
ally do (vs. what we expect them to do) during simulation; 
or (3) desirable, if demonstrating knowledge about available 
resources is a specific objective of the simulation session. 
Where possible, instructors need to predict these potential 
loads and if they are extraneous to the leaning objectives, try 
to minimize them. Extraneous load in simulation is often in-
advertently generated by factors such as poor quality manne-
quin findings, overly emotional actors, or uncertainty about 
the rules of the simulation environment, and many of these 
situations can be prevented through diligent scenario plan-
ning and pre-briefing of learners. Table 1.1 lists some strate-
gies for reducing stress and cognitive load in SBE. These 
strategies are particularly relevant when instructing novice 
learners and may be adapted as needed when instructing ex-
pert learners.

Reducing Extraneous Load in Simulation: 
Improving Instructional Design

Worked Example Effect There is evidence that when nov-
ice learners are presented with a problem or goal, they will 
typically engage in problem-solving strategies that require 
a high degree of mental effort, leaving inadequate cognitive 
resources available for actual learning [44]. Providing the 
solution to students in the form of worked examples has been 
shown to be a superior teaching strategy to problem-solving 
alone [45]. These worked examples are a form of scaffold-
ing, also described as teaching within the zone of proximal 
development [46]. An example of providing a worked exam-
ple during SBT is with the call for help, often incorporated 
as an opportunity for students to practice effective resource 
management. When the instructor enters the scenario and 
demonstrates the appropriate problem-solving strategy, the 
high cognitive load imposed on learners trying to solve the 
problem is reduced, and working memory resources can be 
reallocated to learning.

Expertise Reversal Effect This addresses a cognitive load 
effect caused by differing knowledge levels and states that 
an instructional design that is beneficial to a novice learner 
may be detrimental, rather than just neutral, to a more expe-
rienced learner and vice versa [47]. For example, an instruc-
tor might decide to assist junior students struggling with a 
case of anaphylaxis by providing a source for the dosing of 
IM epinephrine, aiming to reduce mental workload and free 
up cognitive resources for actual learning. Paradoxically, 
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providing the same information to a senior medical resident 
in this scenario could actually worsen learning if he/she 
already has a preexisting schema for this information. In this 
case, provision of this redundant information actually forces 
additional mental processing to decide how and whether to 
use such data (i.e., an extraneous load effect). Simulation 
instructors should understand that it is not just the way in 
which information is presented to learners that affects their 
mental resources available for completing the required exer-
cise, but that the expected effects would vary significantly 
depending on the learners’ prior experience.

Reducing Extraneous Load in Simulation: Managing 
Nonessential Stressors
If one considers the information related to the simulation 
environment (and not the case content) as a potential source 
of high cognitive load for medical learners, then adhering to 
a practice of routine and detailed pre-briefing of the simula-
tion environment as part of each session will enable the cre-
ation of schemata, thereby freeing working memory resourc-
es for learning during the scenario. The pre-briefing should 
include a review of the mannequin capabilities and normal 
findings (with hands-on assessment) to reduce the mental 
workload of students trying to recall such details from prior 
sessions or guessing what the findings might signify (e.g., 
This sounds like a ‘pleural rub’, does this simulated patient 
have pleural disease, or did this sound from mechanical 
rubbing of the mannequin?). The plan for the simulation 
training session should be outlined for learners, including 
the time allocated to the scenario (vs. debriefing), how the 
case will end, and potential patient outcomes (e.g., letting 
junior learners know ahead of time that the mannequin will 
not arrest). A specific discussion regarding the roles of the 
students, actors, and preceptors should include identifica-
tion of a source of truth if findings are unclear. Emotion 
and stress related to the peer assessment and potential for 
academic evaluation must be addressed with confidentiality 
agreements and discussions of the value of mistakes in this 
learning setting. An excellent pre-scenario briefing can go 
a long way to minimizing extraneous load for simulation 
participants (Table 1.1).

Measuring Cognitive Load

Most experiments involving cognitive load effects have used 
the validated 9-point Likert scale of Paas [48, 49] in which 
the learner introspects the level of mental effort required for 
task completion. Many other measures have been proposed 
including dual-task methodologies [50], HRV [51], electro-
encephalogram (EEG) responses [52], pupil dilation [53], 
functional magnetic resonance imaging, and eye tracking 

[54]. To date, none of these have been found to be more reli-
able and discriminating than the subjective scale [55], but 
this research field is still in its early stages of development. 
The ideal measurement tool in the simulation setting would 
need to provide objective data that correlates with the vali-
dated subjective scale, not interfere in the simulation exer-
cise itself, and provide continuous monitoring for detailed 
assessment of cognitive load across different phases of simu-
lation training.

Effects of Stress on Memory and Learning

The effects of stress on learning are generally classified ac-
cording to the phase of memory involved in the learning pro-
cess when the stress is experienced [56]. Stress responses 
and increases in cortisol level differentially influence four 
distinct memory processes: sensory memory, working mem-
ory, memory consolidation, and retrieval of information 
from long-term memory. Sensory memory is the shortest-
term element of memory, in which the multitude of inputs 
to our five senses reside for only milliseconds unless we 
consciously attend to the information and move it into the 
working memory for processing. Stress can certainly focus 
attention on a specific input of importance, potentially lead-
ing to enhanced learning. However, stress-induced attention 
can equally result in channeling or tunnelling of mental re-
sources, whereby important peripheral information might be 
overlooked [57].

Working memory consists of the capacity to store and ma-
nipulate information for brief periods of time, for example, 
the team leader simultaneously keeps track of information 
gathered from multiple sources (clinical monitors, other team 
members) to keep previously learned information in mind 
(patient drug allergies) and to manipulate this information to 
reach clinical decisions. Elevated stress and SC levels have 
been shown to impair working memory capacity [58]. The 
focus of CLT is to respect the limitations of working memory 
when designing instruction. The major implication is that in 
the stressful environment of medical simulation, one must be 
especially vigilant to limit the number of novel, interacting 
elements in order to minimize extraneous load. However, if 
the task is appropriate for learner level and without extrane-
ous load then the stress effects on working memory might 
not lead to an overloaded state. In such a situation, stress 
may actually be beneficial to learning through the effect of 
stress on memory consolidation.

Memory consolidation is the process by which new and 
fragile memories are rendered into more stable and per-
manent memories. Elevated stress responses, especially if 
they lead to increased cortisol levels, have been associated 
with the enhancement of memory consolidation through the 
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 effects of cortical and noradrenergic activation in basolateral 
regions of the amygdala [58]. This is felt to be the mecha-
nism by which clinicians often recall a very specific patient 
or critical event that was particularly stressful or emotional. 
Consolidation of information is only possible once the data 
has been processed and organized in working memory so the 
learning benefit of induced stress on memory might not be 
seen if working memory is overloaded.

Memory retrieval is the final phase of memory to con-
sider. This process is also impaired by high levels of stress-
related cortisol [59], likely contributing to stress-related per-
formance decrements (Fig. 1.2).

Stress and Performance

The Yerkes–Dodson Law

The relationship between stress and performance is described 
theoretically in terms of an inverted U-shaped curve [60]. 
The Yerkes–Dodson law [61], rooted on the arousal theory 
[62, 63], states that at very low level of stress (i.e., boredom 
or drowsiness), performance is very low; increasing levels of 
stress leads to increasing arousal and performance improves 
until a point, after which performance decreases; at extreme 
levels of stress, performance is severely impaired (Fig. 1.3).

 (+) indicates a potential benefit to learning; (-) indicates a potential impairment to learning
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Fig. 1.2  Effects of stress on memory and learning
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Yerke’s and Dodson’s static interpretation of stress—al-
though still widely accepted in the field of psychology—
might be seen as simplistic and even controversial in some 
situations, when emotions, environment, or different stress-
ors modify the relationship between arousal, stress, and per-
formance [64]. In the complex simulation environment, the 
learners’ prior knowledge, skills, and perceived competence 
can determine their stress response in the simulation, yet 
their perception of their own performance during simulation 
may also modify their stress response. For example, novices 
may be unaware of their knowledge or performance gaps, 
and thus may not experience stress in the same way as pro-
ficient learners during SBT. Proficient learners may be more 
stressed at the beginning of SBT because of their perception 
of gaps in their knowledge or skills, but their stress response 
may be modified during the SBT scenario when they per-
ceive themselves to be performing well or poorly.

Effects of Stress on Performance

Stress and Performance in the Clinical Setting
Stress has been reported to impair technical and nontechnical 
performance in various clinical settings. Different stressors 
have been identified including interruptions, distractions, 
time factors, technical factors, equipment problems, unavail-
ability of expected resources, teamwork issues, patient fac-
tors (such as unpredictable deterioration), personal issues, 
and environmental factors [65–70]. The nontechnical skills 
impaired by stress relate to leadership, decision-making, and 
communication [71–75]. Clinical studies have shown that 
experienced surgeons experienced lower stress levels (HR, 
HRV, SCL, self-report, and eye blinks) and performed better 
than novices for technical tasks [17, 76–79].

Stress and Performance in Simulation

Effects of Stress on Technical Skills in Simulation For tech-
nical skills, it would appear that the Yerkes–Dodson law 
holds true. For example, moderate exam stress leads to 
improvements on fundamental technical skills in surgical 
residents [79]. In medical students, a positive association 
between stress (sAA) and performance (European Resus-
citation Council (ERC) guidelines) was reported during 
high-fidelity SBE [32]. However, excessive stress impairs 
technical performance in surgeons, as was shown in a recent 
systematic review [8]. Many studies have demonstrated 
impaired performance of surgical tasks with increasing 
stress levels during simulation. In SBE, laparoscopic sur-
gery (technically more complex) was found to be more 
stressful and associated with poorer performance compared 
to open surgery [17]. Other SBE studies in laparoscopy 
showed that medical students experienced higher stress 
(HR, BP, STAI) when directly observed by their instructor 
(over the shoulder) versus being unaware of being observed 
by the instructor in the control room [80] and when experi-
encing time pressure or multitasking [81]. High stress levels 
(SC, HR, HRV) were associated with impaired performance 
(objective structured assessment of technical skills, OSATS) 
in surgeons during crisis simulations [82]. Likewise, army 
nurses experiencing higher stress (HR, BP, SC, sAA) had 
lower performance (triage and treatment) in immersive SBE 
scenarios [83].

Task Difficulty Technical performance varies with perceived 
task difficulty. At low levels of task difficulty, higher levels of 
stress provide motivation in order to induce optimal perfor-
mance. At high levels of task difficulty, lower levels of stress 
facilitate concentration and lead to optimal  performance. 
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Regardless of task difficulty, a very high degree of stress 
impairs performance.

Learner’s Proficiency The impact of stress on technical per-
formance also varies with the learner’s proficiency. In simu-
lated laparoscopy, trainees had different patterns of stress 
response, depending on their proficiency. Firstly, baseline 
measurements of stress markers were different between pro-
ficient trainees and novices. Proficient trainees anticipated 
the difficulty of the task and stress markers (SC, Holter) were 
elevated sooner. Secondly, for the same level of stress dur-
ing simulation, proficient trainees had a significantly higher 
performance (McGill Inanimate System for Training and 
Evaluation of Laparoscopic Skills, MISTELS) compared to 
novices [84]. Thus, less-experienced clinicians may be par-
ticularly susceptible to the influence of stress [85].

Effects of Stress on Nontechnical Skills in Simulation Non-
technical skills refer to the cognitive and interpersonal skills 
that underlie effective teamwork, typically encompassing the 
five crisis resource management (CRM) principles: role clar-
ity, communication, mutual support, utilization of resources, 
and situation awareness [86]. These nontechnical skills can 
be assessed during a simulation session by various evalua-
tion scales. Very few studies report the stress–performance 
relationship for nontechnical skills. Most of these studies 
sought to evaluate the stress response during performance 
in a simulated situation. Simulated breaking bad news pro-
vided significant stress responses in medical students (HR, 
cardiac output (CO), STAI, VAS) [87] and physicians (HR, 
SCL) [88], but these studies lack measurement of perfor-
mance. One study found an impairment in performance of 
paramedics in calculating drug dosages following stressful 
scenarios in a human patient simulator [89]. A recent sys-
tematic review describes the effects of stress on performance 
in terms of attention, memory, decision-making and group 
performance, and the implications of this in the education of 
health professionals [90].

Effects of Stress on Attention As stress level increases and 
attention becomes more selective, there is growing exclusion 
of information leading to tunnel vision and premature closure 
(a tendency to stop considering other possible alternatives). 
This phenomenon can have diverse effect on performance, 
depending on the relevance of the peripheral information on 
performance.

Effects of Stress on Memory The effects of stress on memory 
are considered in the section above.

Effects of Stress on Decision-Making With increasing levels 
of stress, there is an increasing tendency to replace vigilant 
decision-making (considered an optimal form of decision-

making using systematic, organized information search, 
thorough consideration of all options, time to evaluate and 
review data), with hypervigilant decision-making, (consid-
ered an impulsive, disorganized form of decision-making 
consisting of nonsystematic, selective information search, 
consideration of limited options, rapid evaluation of data, 
and selection of solution without reappraisal).

Effects of Stress on Group Performance Excessive stress 
leads to attentional narrowing in individuals under stress, 
a centralization of team leader’s authority (less receptive to 
input from other team members) ending up in a loss of team 
perspective, loss of shared mental model, and a subsequent 
decrease in team performance.

Differences Between Technical and Nontechnical 
Skills Training for technical skills differs from nontechni-
cal skills, mainly because the assessment of performance is 
not identically developed. Despite their differences, perfor-
mance in technical skills and nontechnical skills are related, 
mainly because both can be impaired by stress and improved 
by SBE [91].

Effect of Repetitive Simulations on Stress and 
Performance

Currently, limited studies on repetitive simulation training 
have yielded discordant results. However, one study showed 
that intensivists’ clinical performance as well as nontechnical 
skills (Anesthetists’ Nontechnical Skills, ANTS) improved 
after one day of simulator training and were associated with 
a decrease in sAA [7]. Repetition of simulation-based train-
ing was associated with increases in surgical performance 
(OSATS), coping skills, and reduction in stress levels (HRV) 
[92]. In contrast, repeated exposure to SBE over 3 weeks did 
not result in blunting the physiological stress response (HR, 
SC) despite an improvement in nontechnical performance 
[93]. The differences in stress response between studies may 
reflect the differences in the scheduling of repetitive train-
ing (hours vs. weeks), as well as differences in peak cortisol 
concentrations compared to peak sAA activity after stress 
exposure.

The Learning–Performance Paradox

Learning is a continuous process of mastering new skills 
and developing a greater understanding about a topic where-
as performance is a goal, produced when required, that is 
achievable through learning. Performance is tangible and 
measurable, while learning is a process that is intangible. In 
addition, learning may not produce same performance levels 
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in all individuals. Learning is mandatory for medical compe-
tence. However, medical competence is not an achievement 
but rather a habit of contextual and developmental lifelong 
learning [85]. The trainee’s performance assessed during a 
simulation session may predict the actual performance in a 
real-world situation. However, measurement of the perfor-
mance of an individual during simulation does not necessar-
ily give us information about his learning. SBE may thus be 
seen a series of successive short-term affective performances 
during a long-term learning process, with the ultimate aim 
of improving actual clinical performance (Fig. 1.4). See 
Table 1.2 for a summary of effects of stress on performance.

Managing Stress During Simulation

The manipulation of stress during medical simulation should 
be guided, in large part, by whether the objective of the 
simulation is assessing performance or ensuring learning. 
Throughout the chapter, we have discussed learning and per-
formance separately in an attempt to tease out the multiple 
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levels at which stress can affect simulations, including the 
seemingly paradoxical effects of stress on learner outcomes. 
But this is an oversimplification because performance and 
learning interact on many levels. Similarly, many simula-
tion programs are moving from a strictly educational focus 
to more of a clinical performance laboratory in which their 
findings during simulation inform organizational decision-
making. Herein, we discuss some general stress-manage-
ment strategies for medical simulations, but the reader will 
need to apply the principles based on their own program, 
learners, and objectives.

The Argument for Inclusion of Relevant Clinical 
Stressors

It has been suggested that stress during medical simulation 
increases the authenticity of the training by more closely 
matching that of the actual clinical environment (assumed to 
be more stressful). The resultant impairment of trainee’s per-
formance during SBE is more likely to parallel  performance 

Table 1.2  Summary of effects of stress on performance

Moderate stress increases performance, but excessive stress impairs performance
The optimal amount of stress for optimal performance is learner specific, task specific, and situation specific
The stress experienced and resulting performance vary with task difficulty. More difficult tasks evoke more stress and are more likely to result 
in poorer performance
The relationship between stress and performance varies with factors such as team dynamics, socio-evaluative factors like peer appraisal, pres-
ence of observers, the individual’s personality traits and coping styles, etc.
With increasing expertise, stress decreases and performance increases
Repetitive simulation training increases performance, but its effect on stress response has not been sufficiently investigated
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in clinical practice, thus providing the trainee a more ac-
curate evaluation of their current proficiency and need for 
further training. Such authentic SBE might also provide a 
framework for teaching stress-management techniques to 
trainees in a learning environment, which may in turn help 
them manage stress in the clinical setting more effectively 
[80]. Additionally, the memory consolidating effects of stress 
are well established and are particularly effective when the 
stress coincides with highly arousing learning materials, as 
is the case in SBE [94]. Acute stress provides a learning op-
portunity by increasing memory consolidation but only if 
learning content, including stress, has not overloaded work-
ing memory resources.

Reducing Potential Sources of Extraneous 
Cognitive Load

Role of the Pre-scenario Briefing
While the role of debriefing has received widespread atten-
tion, the introduction of the learner to the simulation envi-
ronment (i.e., pre-scenario briefing or otherwise known as 
pre-briefing) is potentially the most important opportunity 
to reduce stress for learners. The elements of an effective 
pre-scenario briefing are included in the Debriefing Assess-
ment for Simulation in Healthcare (DASH) instrument [95] 
and are largely aimed at reducing stress reactions of students 
by openly discussing psychological safety, peer assessment, 
and evaluation. These recommended practices would theo-
retically enhance learning outcomes by minimizing the risk 
of stress impairing working memory. Similarly, briefing in-
formation such as the location of resources, mannequin find-
ings, and learner expectations all require processing in work-
ing memory during simulations. Thus, routine and consistent 
briefing across successive simulations explaining the rules 
of simulation (e.g., the decision to push all drugs in real time 
vs. just verbalizing actions) will allow learners to construct 
schemata that they can store in long-term memory and ac-
cess as needed, freeing up cognitive resources for simulation 
execution.

Reducing the Effects of Emotions and Stress
While activating learners’ emotions and mimicking the real 
clinical environment are laudable goals, the resultant stress 
can be overwhelming to some learners. Increased emotional 
activation was related to increases in reported cognitive load 
in medical students participating during simulation sessions 
[96]. Students with the highest reported cognitive loads did 
not perform as well on testing administered 1 h after the 
teaching session, suggesting impaired learning outcomes 
from cognitive overload. In a subsequent randomized con-
trolled trial, it was demonstrated that when final year medi-
cal students experienced the death of a simulated patient, 

they reported more negative activating emotions [97] com-
pared with students whose patient survived. The negatively 
affected students also reported higher cognitive loads and 
performed more poorly on objective testing administered 3 
months later. These studies demonstrate that cognitive load 
caused by an increased emotional state can have a negative 
effect on learning during SBE. Patient death is an extreme 
event that activates emotions. In practice, the emotional re-
actions invoked during simulation training may be subtle, 
such as having an upset family member or an uncoopera-
tive patient. The decision to add such details should be made 
based on the relative importance of the emotional context 
for achieving learning objectives versus the risk that learn-
ing will not be successful if working memory limitations are 
surpassed.

Reducing Exposure to Extraneous Stress: Learning 
as Observers
Observers who are watching the simulation from the side-
lines, but are not active participants of the scenario, appear to 
experience minimal stress during simulation training. How-
ever, their subsequent performance is equivalent to trainees 
in the hot seat during the scenarios, indicating that observ-
ers are able to learn despite not being subject to excessive 
stress during simulation training [93]. This has implications 
on reducing stress during simulation training as well as cur-
riculum planning and resource allocation. On the other hand, 
the very presence of observers may affect the stress response 
of simulation participants in the hot seat, potentially having 
a negative impact on their learning and performance.

Role of the Debriefing
Debriefing is arguably the most important phase in simula-
tion whereby learners are given the opportunity to recover 
from stress and emotions, make sense of the simulation ex-
perience, reflect on their performance, and consolidate their 
learning [98]. The elements and conduct of debriefing are 
covered in detail in Chap. 3. Simulation instructors should 
make full use of the debriefing phase to reduce stress in order 
to facilitate learning.

Titrating Stress and Cognitive Load to Enhance 
Learning and Performance

We have seen that during simulation training, it is impor-
tant to balance the inclusion of relevant clinical stressors to 
enhance learning with those stressors that are extraneous to 
the objectives and can impair learning. The right amount of 
stress for optimal learning and performance is learner specif-
ic, task specific, and situation specific. Individuals seem to 
learn best when they are just outside their comfort zone [99]. 
In simulation language, this is to challenge individuals just 
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beyond the edge of their expertise. By being cognizant of 
the various factors which contribute to intrinsic and extrinsic 
cognitive load, simulation trainers can consciously titrate the 
simulation experience for various learners, tasks and situa-
tions to achieve optimal learning and performance.
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Simulation Pearls

1. Use a scenario-building process. Many simulation edu-
cators attempt scenario design in a haphazard fashion, 
which can lead to unintended and inconsistent learning 
outcomes. The process outlined in this chapter (although 
not the only one) is thorough and has proven useful to the 
authors through several years of use.

2. Consider which elements of engineering and psychologi-
cal fidelity are most important to the curricular goals and 
target audience when designing the scenario. Be cogni-
zant that higher fidelity does not always equate to im-
proved learning.

3. Use distraction techniques wisely. The use of distraction 
can improve and ensure exposure to specific learning ob-
jectives and as such can add great value. However, when 
used inappropriately, they can also frustrate learners and 
detract from other potentially more important objectives.

4. Allow time to practice your scenario before full implemen-
tation. There are usually important considerations that did 
not come up in the early phases of the design process that 
will need to be accounted for prior to having learners par-
ticipate in the scenario as part of their curriculum.

Introduction

Scenario design is a fundamental component of simulation-
based education (SBE). Each simulation scenario is an event 
or situation that allows participants to apply and demonstrate 
their knowledge, technical skills, clinical skills and/or non-
technical (teamwork) skills [1]. Effective scenario design 
provides the basis for educators to meet specific learning 
objectives and provide a meaningful learning experience for 
the participants.

This chapter is divided into two main sections. The first 
part provides the theory and rationale for a scenario design 
process as well as discussing some of the important consid-
erations one should keep in mind during the design process. 
The second part of this chapter provides a practical approach 
to the scenario design process involving six main steps.

Taken as a whole, this chapter should provide not only an 
understanding of why the design process is important, but 
also rationale for making difficult design choices and a prac-
tical approach to designing scenarios applicable to educator 
and learner needs.

Objectives of the Chapter

The scope of SBE is broad. This chapter focuses primarily 
on designing scenarios for high-fidelity immersive simula-
tion sessions, although many of the concepts explored can 
be applied to scenarios involving modalities ranging from 
low-fidelity task trainers to standardized patients. The prin-
ciples of scenario design discussed here are important to 
consider regardless of the educational intervention being 
planned, whether it is low-stakes practice, high-stakes 
assessment or simulation-based research. The degree to 
which these theories are applied and the degree of rigor 
and standardization of scenario design will vary for these 
different contexts.
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Rationale for a Scenario Design Process

The perceived need for an educational intervention comes 
from many different triggers. It could be the result of a gen-
eralized approach to curriculum development or a specific 
identified gap in knowledge or procedural skills. While the 
use of simulation can be an effective technique to fill these 
needs, the approach in designing an effective scenario can 
be daunting. By using a structured process, a road map is 
created to define specific educational goals and to set the 
stage for the participants to suspend disbelief. It also allows 
for a recognizable format that can be more easily reproduced 
and followed by other educators. In our experience, a well-
planned, structured, yet flexible scenario will be the spring-
board to a higher level of experiential learning.

Considerations and Theoretical Underpinnings

Simulation scenarios are designed for many purposes. They 
can be intended as tools to teach and train individuals or teams, 
to test systems in order to enhance efficiency or patient safety, 
to answer research questions, and to perform assessments [2]. 
The design of the scenario should reflect the intended purpose. 
For instance, when a scenario is used within a research study 
or for high-stakes assessments, the design should be specific, 
reproducible, and take into consideration all potential threats 
that may challenge the validity (or standardization) of the sce-
nario for research or assessment purposes [3]. In this section, 
we will explore some additional considerations that should be 
taken into account when designing a scenario.

Curriculum and Scenario Design Within Simulation-
Based Education
Simulation scenarios can be presented as isolated, one-time 
events; however, it is increasingly common for them to be 
integrated within a larger curriculum [4–6]. It is important 
to realize that each scenario’s placement and purpose within 
that curriculum will influence its design. Specifically, the 
goals and objectives of the scenario(s) should be derived 
from the goals and objectives of the curriculum. The overall 
curriculum will also affect the time it will be possible to allot 

to each scenario, the number of participants and facilitators 
required, and potentially what financial, human, and physi-
cal (space) resources will be needed to deliver the scenario.

It is important to identify which objectives are best met 
using simulation and which simulation modalities are the 
most appropriate (e.g., task trainer vs. high-fidelity man-
nequin, etc.) when designing a scenario [7–9]. Simulation 
should be reserved for those objectives which are most ap-
propriate for its use and cannot be adequately addressed 
using other less resource-intensive educational modalities.

Scenario design, although one component of SBE, pro-
vides a foundation for the other components to build upon 
and provides a venue for participants to explore their learn-
ing objectives. An effective design allows the scenario to re-
liably address the stated learning objectives. The experiences 
from the scenario are then used as a jumping-off point during 
the debriefing to help learners identify learning issues and 
close gaps in knowledge and performance [10].

Fidelity/Realism
Another consideration in the scenario design process is the 
degree of fidelity that will be incorporated [11]. Fidelity is a 
measure of the realism of a simulation. It is an area of active 
research and debate. Our understanding of fidelity, particu-
larly in the realm of SBE, has been greatly enhanced through 
the work of pioneers like Dieckmann and Rudolph [12, 13]. 
One of the most important developments is the realization 
that in order to engage our participants deeply in simulation, 
we need to recognize that humans think about fidelity in at 
least three dimensions: (1) the physical, (2) the conceptual 
and (3) the emotional (see Table 2.1) [13].

Physical fidelity refers to whether the simulation looks re-
alistic [9, 13]. It concerns the mannequin itself, both its form 
and capabilities, as well as the surrounding environment and 
equipment. Conceptual fidelity concerns theory, meaning, 
concepts, and relationships. It is embodied in the if-then rela-
tionships such as “If there is significant hemorrhage, then the 
blood pressure will decrease”[13]. Finally, emotional fidelity 
concerns actions and relations of an emotional kind. These 
aspects of the simulation may relate to the participants’ level 
of activation as well as how pleasant (or unpleasant) their 
experiences are perceived [13].

Table 2.1  Dimensions of fidelity
Physical fidelity Conceptual fidelity Emotional fidelity
Environment (in situ or simulation lab) Concerns theory, meaning, concepts, and relationships The holistic experience of the situation
Mannequin (size, sex, capabilities, etc.) Logical sequence ( If-Then relationships) Complexity/difficulty level of the scenario
Clinical equipment (pumps, IVs, carts, 
 monitors, etc.)

Appropriate physiologic responses to changes Appropriate addition of distractors and 
stressors

Moulage (wounds, fluids, smells, etc.) Appropriate diagnostics available (and in their usual 
format)

Level of activation and feelings (pleasant or 
unpleasant feelings)

Usual resources (human and equipment)  available (or 
accounted for if unavailable)

IV intravenous drip
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Historically, there has been a popular opinion that simula-
tion experiences and outcomes improve as the precision of 
replication of the real world improves [9, 12, 14]. Specifi-
cally, assumptions have existed for some time that fidelity is 
the single critical determinant of transfer and that the higher 
the fidelity, the better the participants can transfer learning 
to real-life situations. However, this notion has recently been 
challenged [9, 12, 15]. When comparing the learning out-
comes of high-fidelity to those obtained with low-fidelity 
simulations, the gains have only been found to be modest (in 
the range of 1–2 %) and generally not statistically significant 
[9, 14]. Following in this vein, leading thinkers in the field 
have called for a reconceptualization of fidelity in terms of 
the primary concepts which underlay it, namely physical re-
semblance and functional task alignment [15]. In our opin-
ion, thinking of fidelity in terms of the different subtypes de-
scribed above can help to understand how tailoring different 
aspects of the scenario design may improve resemblance and 
alignment in order to enhance transfer, learner engagement, 
and suspension of disbelief.

When designing a scenario, you will still be required to 
make decisions regarding the degree of fidelity, weighing 
the potential benefits of increased physical resemblance, 
and/or functional task alignment against resource utilization 
and increased cognitive load. Important choices with respect 
to types of mannequins, use of confederates, etc. will need 
to be made. One needs to consider, for example, if transfer, 
learner engagement, or suspension of disbelief are optimized 
through the use of a high-fidelity mannequin or perhaps a 
low-fidelity version or even a task trainer that can suit the 
objectives equally well. Similarly, the location of the sce-
narios is another important consideration. A simulation lab is 
convenient and generally efficient but may not be as realistic 
as performing a scenario in the participants’ natural working 
space (in situ) (see Chap. 12). If your objectives relate spe-
cifically to the environment in which the participants usually 
work or will be working, then the scenario should take place 
there. Otherwise, it may be reasonable to use the lab instead.

When choosing the mannequin you are going to use for 
your scenario, consider your learning objectives and which 
mannequin functions will be important to facilitate meeting 
those objectives (see Chap. 10). Examples include the need 
for eyes that open and close, accurate representation of the 
patient’s physical size, accurate representation of a patient’s 
airway, the ability to create difficult intubating conditions, 
accurate representations of heart and lung sounds, or the 
ability to make physiologic changes in real-time in response 
to the participants’ actions (or lack thereof). Similar thought 
should be put into the other areas of physical fidelity listed 
earlier. Sometimes, the scenario will require high physical fi-
delity in order to maximize psychological fidelity and allow 
the participants to behave as if the situation were real (i.e., 
suspension of disbelief). Other times, maximizing certain 

 aspects of fidelity may hinder you from addressing learning 
objectives at all (e.g., you are too busy operating a complex 
mannequin to hear what the participants are saying or, alter-
natively, your participants are overwhelmed by all they are 
seeing).

Some of the ways that conceptual and psychological fi-
delity are increased include having a well-written scenario 
which makes sense to the participants, having the manne-
quin respond physiologically the way a real patient would, 
having appropriate and typical diagnostics (radiographs, lab 
results, electrocardiograms (ECGs), etc.) and having the par-
ticipants’ usual resources (equipment, references, and people 
(i.e., consultants)) available to them.

Psychological and conceptual fidelity are arguably more 
important to learning than physical fidelity [9, 12]. However, 
this has not yet been demonstrated definitively in the litera-
ture. One study that specifically manipulated psychological 
fidelity showed a clear advantage for greater realism [16]. 
According to Dieckmann, “When learning is the focus, the 
flawless recreation of the real world is less important. It is 
necessary to find situations that help participants to learn, 
not necessarily the ones that exactly mimic any clinical 
counterparts” [12].

Teamwork
There are two related issues regarding teamwork that might 
influence the design process. First is the importance of in-
cluding interprofessional and teamwork objectives in the 
design. Secondly, we also advocate strongly for the value of 
having actual interprofessional input into the scenario design 
process.

One of the main uses of SBE is to teach teamwork and 
interprofessional skills (see Chaps. 4 and 15 of this text) 
[17–19]. These objectives are sometimes overlooked in 
favor of those that focus specifically on clinical knowledge 
and technical skills. Although teaching clinical knowledge 
and technical skills are an important part of SBE, one of the 
values of simulation is the ability to promote team training 
and the development of interprofessional team skills. Thus, 
in the design process, the importance of including objectives 
related to interprofessional skills and teamwork (as well as 
higher order clinical skills) should not be underestimated [5, 
20].

The development of a simulation scenario can be opti-
mized by employing an interprofessional and collaborative 
strategy in scenario design. Through involving members of 
different healthcare professions in the design process, po-
tential issues around the interprofessional objectives can be 
more easily predicted. In addition, the realism of the sce-
nario as it relates to each individual profession will also be 
maximized. This approach will indirectly maximize the in-
dividual engagement of the participants who attend from the 
various healthcare professions. Similarly, we  recommend 
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involving not only healthcare providers, but where pos-
sible others such as educators and simulation operators/
engineers/technicians. While there is no direct evidence that 
such an approach is beneficial in the design phase of SBE, 
there are examples from engineering and clinical medicine 
[21, 22].

When designing a scenario which includes teamwork-
related objectives, there are many strategies which can be 
employed in order to maximize the opportunity to trigger 
teamwork issues [23]. One such method is challenging the 
team with multiple tasks/problems (e.g., hypoglycemia, 
seizure, hypotension, and respiratory arrest). Another strat-
egy is called the wave effect. This is where team members 
are introduced sequentially into the scenario (e.g., nurses, 
then residents, then fellows, etc.). The benefit of this strat-
egy is that each time a team member is introduced, there 
should be some sort of communication between new and 
existing team members. Other methods include (but are not 
limited to) introducing junior team members, introducing 
parents or team members who are distractors or who make 
mistakes, using phone calls, and providing fewer than nor-
mal team members [23].

The Use of Distraction
One commonly used element of scenario design is distrac-
tion, referring to elements either indirectly or tangentially re-
lated to the clinical material being presented, but which aim 
to add an element of complexity to the scenario. The general 
goal of distraction is to draw the attention of the caregivers 
away from the task at hand. Distractions generally come in 
the form of either personnel issues (e.g., anxious/distressed 
parent or caregiver, argumentative consultant, phone call 
with unexpected lab results, etc.), equipment issues (e.g., an 
endotracheal tube that has a faulty cuff or is plugged, a piece 
of equipment missing from the crash cart or that is not work-
ing properly, etc.), or environment issues (e.g., mass casualty 
incident (multiple patients), fire in the operating room, etc.).

Distraction can be a powerful tool for bringing particular 
learning objectives to light. These techniques can ensure that 
particular objectives are met when they may not arise spon-
taneously within a scenario. For example, if a learning ob-
jective for a scenario is to manage the chaotic environment 
of a resuscitation, adding a confederate (i.e., scripted actor) 
who plays the role of a distressed family member will ensure 
that there is at least some chaos to manage. Another example 
might involve a scenario where the primary objective is to 
manage a respiratory arrest, with a secondary objective to 
teach a systematic approach to managing hypoxia in an in-
tubated patient. As such, a faulty endotracheal tube may be 
placed in the scenario to meet this purpose. In both of these 
examples, the use of distractors ensures the participants will 
encounter the situations that force them to deal with the stat-
ed learning objectives.

Some designs also employ distraction to increase the de-
gree of difficulty in the scenario for more advanced partici-
pants. One example of this is to have a confederate playing 
a patient’s caregiver be more distressed and difficult to calm 
down when a more skilled learner group is participating in 
the scenario. Similarly, a consultant might strongly (and 
more vehemently, based on the skill level of the learners) 
suggest an inappropriate course of action. However, distrac-
tion needs to be used very carefully and with specific objec-
tives in mind. Distraction can also lead to the team becoming 
derailed and not meeting other important learning objectives 
because they become fixated on or even overwhelmed by 
the distracting issue/objective. The concept of cognitive 
load theory is extremely relevant to the use of distraction in 
scenario design (please see Chap. 1) [24–26]. These distrac-
tors increase the intrinsic cognitive load of the participants 
and have the potential to impair acquisition of the primary 
learning objectives. It is our experience that while early in 
their careers, many educators underestimate the difficulty of 
the scenarios they are developing, and subsequently plan on 
adding one or more distractors in order to make the scenario 
more appropriately challenging for their participants, while 
ultimately creating a scenario the learners find difficult and 
confusing. This is another reason why piloting of a scenario 
would be both appropriate and helpful.

Summary of Pediatric-Specific Scenario Design 
Issues

There are several elements unique to the design of pediat-
ric scenarios. Since pediatrics spans many age groups and 
sizes, it is essential to have mannequins of an appropriate 
size to maximize realism for the age of the patient in the sce-
nario. For example, it would be challenging for participants 
to effectively perform a realistic neonatal resuscitation on 
a toddler-sized mannequin or perform a scenario meant for 
an adolescent on an infant-sized mannequin. Ensuring the 
presence of age-appropriate clinical supplies is also impor-
tant. This includes appropriate sizes of airway equipment, 
intravenous catheters, and defibrillator pads, among others. 
The availability of these adjuncts will enhance realism and 
lessen the frustration of the participants who may feel they 
were lead to be unprepared if given inappropriate materials 
to work with in the scenario. Quite often, the simple fact that 
the scenario is an acutely ill pediatric patient itself leads to 
more profound stress reactions in participants, as compared 
to those involving adult patients. Anticipating more profound 
emotional reactions when designing the pediatric scenario 
will allow one to design a scenario that does not overwhelm 
participants. Being cognizant of a higher performance anxi-
ety in participants involved in pediatric scenarios will also 
help anticipate the debriefing approach (refer to Chap. 3).
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Lastly, given the nature of pediatrics, a caregiver is a fre-
quently used confederate in pediatric scenarios, independent 
of planned distraction. When used appropriately, confeder-
ates can give essential historical and physical findings to 
the participants and simulate the typical confounder of deal-
ing with caregiver and patient simultaneously, especially if 
the patient in the scenario is pre-verbal and cannot answer 
questions themselves. The addition of a confederate into the 
scenario needs to be well-scripted and the confederate must 
thoroughly understand the case objectives [27]. If not, they 
may actually hinder your participants’ achievement in the 
scenario by distracting them from the primary objectives, 
giving incorrect or poorly timed information or missing im-
portant aspects altogether.

The Scenario Design Process

Introduction

Designing a high-quality simulation scenario involves many 
different factors. The goal is to recognize the educational 
needs of the participants and, through a simulated environ-
ment, produce a realistic experience to maximize specific 
learning objectives within the confines of physical space, 
time, finances, and available resources. To help design and 
develop a high-quality simulation scenario, six key steps 
have been identified to assist in making the process more 
efficient and effective (see Table 2.2) [1].

Target Audience, Learning Objectives, 
and Simulator Modalities

The first step in designing a scenario is identifying the 
learner(s) and their educational needs. This will be the basis 
for writing objectives that are relevant to the level of the par-
ticipant. Scenarios often skip this critical step and attempt 
to use a set of objectives that are inappropriate for the level 
of the learners. For example, designing learning objectives 
that are appropriate for an experienced healthcare team that 
involves complex resuscitation skills would be inappropriate 
for undergraduate students, and would likely lead to frustra-
tion for both the facilitator and the learners. Targeting the 

learner groups’ needs and not the facilitators’ wants is an im-
portant element of scenario design. Investing time to recog-
nize the needs of the learners is essential in good scenario de-
sign. Sometimes, this information is available from an estab-
lished curriculum, while other times this information requires 
a formal needs assessment of the learner group. Designing 
appropriate scenario objectives will also allow other facilita-
tors to easily review the scenarios and decide whether the 
scenario written meets the educational needs of other groups.

As simulation scenario design is a dynamic process, there 
may be several layers present when writing objectives. It is 
important to have primary objectives, which are felt to be 
essential goals of participating in the simulation scenario. 
These objectives will inform the primary debriefing discus-
sion and the take home learning messages. There may also 
be secondary objectives, which, while important, are not the 
critical message that is being delivered. For example, while 
a primary objective may be to teach medical students endo-
tracheal intubation in an infant, the secondary objective may 
be discussion of different sedating agents to achieve sedation 
in the context of the intubation. Secondary objectives may be 
reviewed and discussed during the debriefing, but the prima-
ry objectives cover the areas that are designed to be taught 
in the scenario and should be covered during the debriefing. 
While it is essential to have objectives, the facilitator must 
also be flexible enough to teach about issues that the partici-
pants identify during debriefing. A successful scenario and 
debriefing will cover all the primary objectives and still have 
an opportunity to address any other specific learning needs 
of the participants.

One of the pitfalls of writing objectives for simulation 
scenarios is that it is easy to become overzealous or over-
inclusive. Writing too many objectives can make the educa-
tional plan unachievable in the desired time allotted for both 
the scenario and the debriefing. The length and complexity 
of a scenario will help determine how many objectives to 
write. In general, a scenario may have 2–4 primary objec-
tives that the facilitator feels are essential to teach and then 
several secondary objectives that may be covered. It should 
be remembered that in many scenarios, not every secondary 
objective is covered; however, a list of primary objectives 
will help ensure the most important educational material is 
not missed.

Another important pitfall of writing objectives is they are 
not modified with piloting or running through the scenarios. 
Sometimes, a scenario that has been run through several 
times may have the participants repeatedly identifying is-
sues not initially identified as an objective. In this circum-
stance, the scenario design as written is likely highlighting 
different objectives and thus the original objectives should 
be  re-examined to determine if these new issues should be 
added as new objectives or replace other objectives that are 
not being identified.

Table 2.2  The six-step scenario design process
The six-step scenario design process
1. Target audience, learning objectives, and simulator modalities
2. Case description and scenario environment
3. Staging needs: equipment, moulage, confederates, and adjuncts
4. The script: scenario framework and stages
5. Computer pre-programming
6. Practice scenario
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In general, objectives can also be subdivided into knowl-
edge, skills (procedural or technical), and behaviors or team-
work (communication, roles, resource utilization, awareness, 
etc.). Some scenarios focus more on one area than others, but 
in general a mix of all three objective subgroups often forms 
a well-rounded and well-structured scenario. Once the ob-
jectives are written, the preferred simulation modality can 
be chosen. There are several considerations in choosing a 
simulation modality. The objectives will help direct which 
simulation modality is most appropriate for each scenario. In 
general, high-fidelity simulation sessions are most useful for 
complex clinical knowledge-based objectives and for prac-
ticing teamwork skills. Low-fidelity simulation sessions are 
often useful for practicing procedural or technical skills and 
less complex scenarios, especially when an appropriate team 
is not available. The level of realism required will also help 
determine the simulation modality needed. In situ high-fidel-
ity simulation with diagnostic adjuncts (e.g., laboratory re-
sults, ECG, diagnostic imaging) may be necessary to achieve 
realism for certain participants seeking experiential learning. 
Other scenario objectives may dictate that this high-fidelity 
level of simulation and realism will actually be distracting 
and irrelevant to the learning objectives and a low-fidelity 
simulation may be the best option.

Case Description and Scenario Environment

The case summary describes the initial patient clinical pre-
sentation and gives details such as past medical history, al-
lergies, and vital signs. It is the case vignette that the par-
ticipants receive to start the scenario. It also gives the par-
ticipant details of the location where the scenario is taking 
place, available resources, and the participant’s role (e.g., a 
staff physician in a tertiary emergency department or a nurs-
ing student in the patient’s room of a rural hospital). This 
element is essential as it sets the stage for the remainder of 
the scenario.

Scenario cases are typically either developed from the 
memory of actual cases or are completely invented in a pro-
totypical fashion. Each method has its own advantages and 
disadvantages. Real-life cases are soundly based in the ac-
curacy of the scenario and can include important subtleties 
of the clinical presentation, which enhances realism. This 
realism may allow for faster buy-in from participants. Also, 
participants often feel more truly prepared for a future criti-
cal event in their own working environment if they feel they 
have just been exposed to a real-life scenario. While a real 
case can often be easier to design because the adjuncts for the 
case (laboratory results, ECG, diagnostic imaging) are read-
ily available, the overall access to these cases may be limit-
ed, particularly if these cases are rare. Furthermore, choosing 
which real-life adjuncts and details to include in the scenario 
is extremely important. Sometimes, real-life scenarios have 

details that are not as important during a simulation scenario 
and there is a risk of overloading the participants with too 
many of these details. While these scenarios are historically 
accurate, they might be confusing and distracting to the par-
ticipant especially in the compressed time of a simulation 
scenario.

The prototypical case is an excellent option for the more 
routine types of cases that require fewer clinical details. 
A brief febrile seizure scenario for medical students often 
does not need to be steeped in all the details of a real case. 
If, however, the case has specific and important clinical de-
tails, the pitfall of the prototypical case is that the subtleties 
of the case may be missing and the scenario may become 
unrealistic. Rare presentations are also well-suited for pro-
totypical scenarios since the initial need is to be exposed 
to the case prior to the true clinical exposure. Attention to 
detail is a critical component of these scenarios so that they 
are not misleading or inaccurate. Often, diagnostic adjuncts 
from other sources need to be used (such as the Internet) 
and careful attention to the specific details of these adjuncts 
needs to be given. For example, a chest X-ray of a patient 
with a right-sided pneumonia should match the physical 
findings outlined in the scenario. Giving participants a chest 
X-ray of an intubated patient, which has not yet occurred 
in the scenario, or using an ECG where the heart rate is 
significantly different from what the learners are seeing on 
the monitor causes confusion and contributes to a lack of 
realism.

Often a combination of real-life and prototypical case 
scenario designs can be very successful. Taking a real-life 
case and modifying some of the details to fit the desired edu-
cational objectives allows for a blend of realism and clini-
cal accuracy while still meeting the specific learning needs 
of the participants. For example, while a clinical case of a 
seizure in a 5-year-old may be readily available, expanding 
on the initial presentation to include other clinical features 
of intracranial tumor (e.g., vomiting and headache) may be 
factitiously added to the scenario to form a new case that is 
uncommonly seen.

When using real-life scenarios, privacy must always be 
ensured. Specific consent must be obtained from the patient 
or family for use in this educational environment. Any pa-
tient identification from labs, ECG, and diagnostic imaging 
must be removed. Furthermore, the name given to the man-
nequin in the scenario should not reflect the actual patient’s 
name (or any perceived association by the participants). It is 
imperative to be aware of the background of these real-life 
cases as your current staff members may have experienced 
the actual scenario firsthand and still have emotional con-
cerns associated with the case. If prototypical cases are being 
used, the web has a large compository of clinical pictures, 
video, ECG, and diagnostic imaging. In these cases, avoid-
ing copyright infringements is important and at a minimum 
the sources should be identified.
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Staging Needs: Equipment, Moulage, 
Confederates, and Adjuncts

Equipment

The specific details of how to enhance the learning experi-
ence of the participants with equipment, moulage, confeder-
ates, and other adjuncts is the next appropriate step in scenar-
io design. Using similar equipment to what the participants 
would actually use in their regular clinical practice enhances 
the realism of the scenario. It also allows the participants to 
more accurately practice the specific subtle physical skills 
related to the pieces of equipment in question and more 
confidently translate these physical skills to future clinical 
practice. For example, participants who use the same type 
of defibrillation unit in simulation as they do in actual prac-
tice will be quicker and more confident when they need to 
perform this action in a real-life defibrillation situation. In 
contrast, using equipment that is either outdated or not like-
ly to be used by the participants in future experiences may 
frustrate participants because they may feel they are learning 
a skill not relevant to their practice. As an example, nurse 
participants who are required to use intravenous pumps not 
relevant to their usual clinical practice may make them feel 
confused and disconnected as they feel the scenario is not in 
touch with their own clinical needs. Furthermore, although 
not often a preplanned learning objective, participants often 
gain valuable experience reviewing the use of clinical equip-
ment during simulation. For example, while the intent of 
the simulation scenario may not be to discuss application 
of defibrillation pads and their connections to the machine, 
the participants often highlight this as an important learning 
experience that would otherwise be missed without having 
appropriate similar equipment available. However, clinical 
equipment that requires significantly long set-up should be 
avoided, unless its use is a specific objective within the sce-
nario.

Ensuring a complete and comprehensive list of all equip-
ment and supplies needed for the scenario is essential for 
the environment to be adequately prepared for the scenario. 
This list should include the type of monitors to be used or 
displayed, intravenous fluids, lines and pumps, specific med-
ications that may be requested by the team, typical medica-
tion resources, documentation records, and other ancillary 
clinical equipment that is commonly used (e.g., glucometer, 
otoscope, penlight, etc.). In some facilities, empty vials of 
medications or previously expired medications are collected 
and refilled with water in order to allow the teams to draw 
up and administer the medications in real time. When doing 
in situ simulations, great care must be taken to ensure the 
simulated medications are not mistaken for real medications 
and accidently mixed into the patient care clinical supplies. 
Some facilities label their medication as simulation only or 

teaching use only, while some facilities do not allow for the 
use of expired medications in active patient care areas.

Moulage
Moulage is another important consideration of scenario de-
sign that can enhance realism and provide actual physical 
cues to the patient’s physical condition. Moulage may take 
many different and complex forms. A few simple examples 
would be a wig with long hair for a female patient, a red 
dye-soaked bandage applied to a forehead to simulate a trau-
matic laceration, a leg bandaged with gauze to simulate a 
fracture, an open bottle of nail polish remover to simulate 
ketotic smell of diabetic ketoacidosis. The more complex use 
of paints and gels from moulage kits can be used to create 
wounds, rashes, burns, etc. However, moulage can be ex-
tremely time-consuming. As such, the use of photographs 
and video can be as effective as more complicated moulage 
techniques. While complex moulage can significantly en-
hance the level of realism, this must be balanced with the 
time, effort, and finances (human resources) available for 
each simulation (Fig. 2.1a, b, c, d, e, f, g).

Confederates
Confederates are another useful adjunct to consider in sce-
nario design. Confederates can be simulation staff or volun-
teers as well as trained actors depending on resources avail-
able. Confederates are particularly useful in pediatric sim-
ulation scenarios since young children will almost always 
have a caregiver by their side. The confederate can divulge 
important patient information as well as confirm physical 
characteristics that are difficult to simulate. For example, a 
confederate mother with her anaphylactic child may com-
ment that she feels her child’s swollen lips are progressively 
worsening (or improving) or that the urticaria seems to be 
spreading more. Adding this element can be a critical point 
in adding appropriate realism to a scenario. Confederates can 
also be a significant source of distraction. This distraction 
can be useful if their involvement enhances realism or the 
learning objective is to manage the child as well as an anx-
ious parent. However, confederates need to have a specific 
script that does not distract from the scenario. Overacting or 
inappropriate drama may detract from the scenario and the 
learning objectives. Consider using the confederate only if it 
is truly felt to enhance the scenario’s realism and support the 
learning objective. Additionally, the confederate should have 
only one role. It often gets confusing to participants if the 
confederate is the paramedic at the beginning of the scenario 
but then becomes the father later in the scenario.

Other Adjuncts
Other adjuncts can be added to the scenario design process 
depending on the level of the learner and the desired learning 
objectives. Laboratory results, diagnostic imaging, ECGs, 
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video clips, photos, patient charts, and nursing flow sheets 
can all be collected in advance and available to the facilita-
tor. Photos and videos can be especially powerful adjuncts to 
engage the learners, especially for things such as rashes or 
seizures. The more advanced the learners or the more com-
plex the scenario, the higher the demand for realistic and 
complete adjuncts. However, trying to anticipate in advance 
every adjunct the participants may want can be a challenge. 
Choose adjuncts that are most important to supporting the 
learning objectives rather than attempting to include every 
possible option. Reevaluation of the scenario design follow-
ing piloting will help identify which adjuncts may need to 
be added or removed. As discussed earlier, all real-life pa-
tient adjuncts must have patient identifiers removed and any 
images or video accessed from the web should be acknowl-
edged to avoid copyright infringement.

The Script: Scenario Framework and Stages

The next step in scenario design is deciding on how the flow 
of the scenario should ideally take place. The scenario is 
often divided into individual stages or frames. Each stage 
or frame often comprises either a key event or a change in 
the condition of the patient (Table 2.3). Building on the case 

vignette, the first stage may represent the patient’s initial 
vital signs and has an identifiable problem that the partici-
pants must address. For example, a child that presents with 
hypoxia and altered mental status requires the participants 
to effectively obtain a pertinent history and physical exam, 
treat the hypoxia, and address possible causes of the altered 
level of consciousness. The length of the stage will vary 
with the sophistication of the learners, but these issues need 
to be addressed before proceeding to the next stage. Once 
the participants have had an opportunity to manage their pa-
tient and address immediate concerns, the next stage may be 
advanced to continue with the scenario. For example, once 
the participants have addressed the issues of the aforemen-
tioned patient with hypoxia and altered mental status, the 
next key event will have the child experience a tonic–clonic 
seizure. This new event will require ongoing management 
by the participants. However, some groups may not get 
through even the first frame during the allocated time. Either 
way, significant learning points will be highlighted in the 
post-scenario debriefing. These stages continue with each 
key event or change in patient condition and should reflect 
the objectives outlined. Having defined objectives for each 
stage often makes the scenario flow more smoothly. In some 
scenarios, key events may occur regardless of the learners’ 
actions, but they should give the participants time to respond 

Fig. 2.1 a–g  Moulage photos. (Photo with permission from James Huffman)
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participants’ behavior and not be distracted by the computer. 
The disadvantage of this approach is the lack of flexibility in 
participants’ approach to patient care.

The next level of pre-programming allows the facilitator 
to pre-program each specific stage. In stage one, the com-
puter will display the initial vital signs and other physical 
parameters pre-programmed for the baseline of the scenario 
but will not progress to the next stage until advanced by the 
facilitator. Once the facilitator feels it is the appropriate time 
in the scenario, the facilitator will advance the computer to 
the next stage of pre-programmed vital signs and other phys-
ical parameters. This allows the facilitator to control how 
quickly the scenario runs and is responsive to the actions of 
the participants. It does not, however, allow full flexibility 
when the participants perform actions clearly not anticipated 
by the facilitator in advance.

The next level of programming is to begin with initial 
vital signs and physical parameters but have no further pre-
programming. This allows the facilitators to change the com-
puter parameters with each of the participant’s actions and 
allows for the most amount of flexibility. It is often the most 
realistic approach, especially in more complex patient sce-
narios, since participants often do not perform consistently 
in every scenario. The disadvantage of this approach is the 
challenge of managing the computer as well as trying to ob-
serve and analyze the actions of the participants in terms of 

Table 2.3  An example of a scenario script of foreign body upper airway obstruction in a 4-year-old
Scenario transitions/patient 
parameters

Effective management Consequences 
of ineffective 
management

Notes

1.  Initial assessment: Child is sit-
ting up with obvious distress. 
Intermittent stridor at rest 
especially when approached by 
medical staff

T: 37.2
HR: 142
RR: 32
SAO2: 98 % RA
BP: 90/62
Resp:
No WOB
Chest clear
Stridor
CNS: crying intermittently CVS: 
CRT 3 s
Rest of exam: normal

Participants should recognize signs of impending airway 
compromise.
Initiate patient monitoring including pulse oximetry
Vital signs are available, but patient upset with IV attempt and 
drops O2 sat (Oxygen Saturation) and drools.
Keep the child comfortable and do not force him to wear a face 
mask.
Consult ENT for rigid bronchoscopy in operating room
Consult anesthesia

ENT and anesthesia 
will be available in 
20 min

2.  Patient develops progressive 
stridor and drooling and has 
periods of cyanosis

Participants should consider airway options and prepare.
Best option in stable patient: await ENT but have double set up 
ready. (Oral intubation with ketamine and surgical circothyroid-
otomy ready and prepped)
Participant may ask for CXR and lateral soft tissue neck
Labs and ECG are unobtainable

Attempting to lie 
patient down will 
cause immedi-
ate cyanosis and 
bradycardia

Discussion of sedat-
ing meds
Discussion of surgi-
cal circothroidotomy

ENT ear, nose, and throat specialist, T temperature, HR heart rate, IV intravenous drip, RR respiratory rate, SAO2Oxygen Saturations, RA room 
air, Resp respiration, WOB work of breathing, CNS central nervous system, CVS cardiovascular system, CRT capillary refill time, CXR chest 
radiograph, ECG electrocardiogram

to the change in parameters as they progress through the 
stage.

In the framework presented, a list of other educational 
reminders for the facilitator can be added. For example, a re-
minder of a point-of-care serum glucose checked in a patient 
with an altered level of consciousness (whether hypoglyce-
mia is the core element of the scenario or not) can be useful. 
This column should include the results of any similar tests in 
order for the facilitators to feed back this clinical information 
to the learners.

Computer Pre-programming

Depending on the simulation mannequin platform, varying 
degrees of pre-programming are available. Some facilita-
tors like to pre-program the mannequin’s computer to run a 
certain scenario regardless of the actions of the participants. 
These are typically designed for less complex scenarios (e.g., 
short advanced life support course scenarios) or scenarios 
that need to be standardized (e.g., research scenarios, testing 
scenarios). As an example, running a standardized pulseless 
ventricular tachycardia scenario that degenerates over 5 min 
to asystole may be pre-programmed and will be unchanged 
regardless of how the participants perform. These scenarios 
have the advantage of allowing the facilitator to focus on the 
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preparing for the debriefing. While this is the most respon-
sive and dynamic approach, it often requires an advanced 
facilitator, two co-facilitators or a facilitator and a computer 
programmer/simulation technician to be successful. A hybrid 
of both pre-programming and on the fly facilitation allows 
for the greatest amount of flexibility related to the actions of 
the participants (whether expected or unanticipated by the 
scenario creator), while reducing the amount of tasks need-
ing to be performed simultaneously by the facilitator.

Practice Scenario

The final stage in scenario design is to pilot the scenario 
and perform a test run. Often, elements that were not con-
sidered when the scenario was first designed become bla-
tantly apparent in the practice run. Participants often invest 
significant time and energy when agreeing to partake in a 
scenario and expect that the scenario will run smoothly. 
They may be confused and feel that they are being tricked if 
the scenario is missing important key elements. Ensure all 
necessary equipment, laboratory results, imaging, and other 
adjuncts are appropriate for your scenario. If confederates 
are part of the scenario, ensure that these roles are practiced 
and the scripts are adjusted accordingly. Review the sce-
nario to ensure it unfolds in such a way that the participants’ 
educational objectives are being met. It is tempting to avoid 
this step, particularly with experienced scenario design-
ers, but we strongly advise to practice before you perform. 
Table 2.4 lists several common issues and offers possible 
solutions [1].

Conclusions

Scenario design is a complex but fundamental component of 
SBE. Time spent in consideration of each of the individual 
components will ensure the scenario is appropriate for the 
learners and will more likely meet their learning objectives. 
In addition, by following the six-step approach outlined in 
the second part of this chapter, the resulting scenario will 
contain all the necessary elements to ensure a high-quality 
scenario is being delivered to the learners.
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Simulation Pearls

1. Debriefing is a key component of the simulation experi-
ence and is essential to facilitate learning.

2. Limited evidence is available to guide the use of one 
framework or approach over any other. Some guidance 
is provided in terms of when certain approaches may be 
more useful and effective, but educators should pick the 
format and approach they are most comfortable with, and 
that they feel will be most beneficial to their learners based 
on the context and learning objectives of the training.

3. Creating a supportive learning environment is essential 
for effective debriefing. The use of co-debriefers, scripted 
debriefing and video-enhanced debriefing can also be uti-
lized to augment the debriefing experience.

Introduction

“Simulation is just an excuse to debrief ”
Author unknown

Debriefing is an essential component of simulation-based 
education (SBE). In this chapter, we offer pediatric simu-
lation educators an overview of debriefing, provide several 

frameworks to serve as a guide for debriefing practice, high-
light the importance of creating psychological safety as a 
prerequisite for critical reflection, explore pediatric-specific 
considerations for debriefing, consider formal and informal 
approaches for educator faculty development simulation, 
and present methods of assessing debriefing quality.

Origin and Importance of Debriefing

Debriefing has been a critical part of healthcare simulation 
since its inception. Simulation and debriefing in healthcare 
education have expanded dramatically in recent decades, 
from the pioneering introduction of mannequin-based sim-
ulation to present-day applications, ranging from skills-
based competencies to teamwork and behavioral objectives 
[1]. Mirroring the impact of aviation and the military on 
healthcare simulation as a whole, debriefing itself has its 
genesis in military after-action reviews (AARs) and aviation 
post-flight reviews, augmented by important contributions 
from fields such as business communication and psychol-
ogy [2]. Debriefing in healthcare supports both clinical and 
behavioral learning objectives [3, 4]. Crew resource man-
agement programs in aviation debrief around issues of com-
munication and leadership to specifically address the human 
factors that contribute to accidents [2]. These programs were 
the precursors to the domain of healthcare debriefing known 
as crisis resource management training in health care, which 
targets the human factors that contribute to medical errors 
[5]. The importance of this focus has expanded dramatically 
since the recognition of the role of human factors in medical 
errors in the 1999 report To Err is Human published by the 
Institute of Medicine [6].

The terms debriefing and feedback are sometimes used 
interchangeably; while they overlap, there are important dis-
tinctions. Feedback is typically understood as a “unidirec-
tional communication about the recipient’s behavior” [7] in 
which “specific information about the comparison between 
a trainee’s observed performance and a standard, [is] given 
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with the intent to improve the trainee’s performance” [8], 
whereas debriefing is a “bidirectional and reflective” discus-
sion [7]. The definition of debriefing has been elaborated as 
“a facilitated or guided reflection in the experiential learn-
ing cycle that helps learners develop and integrate insights 
into later action” [9]. Table 3.1 provides a comparison of 
debriefing and feedback. Both debriefing and feedback play 
a role in healthcare simulation, depending upon the desired 
learning objectives. Debriefing has broad applications to 
simulation-based learning; its usefulness is paramount for 
multidisciplinary and interprofessional training, more so-
phisticated learners and more complex learning objectives. 
A straightforward procedural task and novice learners may 
benefit both from more direct feedback as well as the guided 
reflection that formal debriefing offers, depending on the 
learning objectives, the available time, and the instructor’s 
preferences.

The critical role of debriefing in healthcare simulation is 
widely acknowledged. A widely attributed phrase in simula-
tion education is that “simulation is just an excuse to de-
brief.” This phrase captures the central role of debriefing 
in discussing and reflecting on experiences, central to the 
principles of adult learning theory and experiential learn-
ing theory [10]. Kolb’s experiential learning cycle contains 
four phases: concrete experience, reflective observation, 
abstract conceptualization, and active experimentation [11] 
(Fig. 3.1). Simulated patient care provides a chance for ac-
tive experimentation, while debriefing provides a facilitat-
ed and guided opportunity for reflection. Ultimately, Kolb 
frames this cycle as a learning spiral, with each iteration of 
experience and reflection deepening the learning.

The value of debriefing is also supported by empirical 
evidence. In a Best Evidence Medical Education (BEME) 
Collaboration review of the features of high-fidelity medi-
cal simulation that result in effective learning, feedback was 
identified as the most important element [12]. In particular, 
feedback was noted to allow learner self-assessment and pro-
gression to skill maintenance across a variety of feedback 
variables, including timing and types. The optimal debrief-
ing strategies or methods for various types of SBE are not yet 
clearly defined by current research [7]. Utilizing debriefing 
in simulation offers the potential to bridge to an increased 
use of debriefing in real-life, daily clinical practice.

Frameworks and Approaches for Debriefing in 
HealthCare Simulation

Although debriefing is often described as a fluid and dy-
namic process, a number of debriefing frameworks exist that 
help organize the process, particularly for the inexperienced 
debriefer. These overlapping, but distinct, strategies rely on a 
supportive environment to enhance a broad range of learning 
objectives from technical to nontechnical. An understand-
ing of various frameworks and approaches to debriefing and 
feedback allows simulation educators to tailor debriefings 
to the learners’ stage of training, the time allotted for the 
debriefing portion of a simulation event, and the particular 
learning objectives of a particular session, as different de-
briefing strategies may have advantages over others depend-
ing on the setting [13].

Lederman describes seven common structural elements 
of the debriefing process [14]. These elements include (a) 
the debriefer, (b) the participants, (c) the experience, (d) the 

Table 3.1  Comparison of debriefing and feedback
Debriefing Feedback

Purpose To review events and explain, analyze and synthesize 
information

To explain or clarify learning points

Context Learner-centered conversational format Instructor-centered teaching
Direction of communication Two-way communication between simulation instructor 

and participants
One-way communication, with instructor feeding 
information to student

Active
Experimentation

Concrete Experience

Abstract
Conceptualism

Reflective
Observation

Fig. 3.1  Experiential learning cycle. (Adapted from Kolb and Kolb’s 
The Learning Way, Simulation Gaming, 2009 [11])
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impact of the experience, (e) the recollection of the expe-
rience, (f) the mechanisms for reporting on the experience, 
and (g) the time to process it. Over the past three decades, 
several frameworks to conduct debriefing and approaches to 
facilitate the debriefing conversation have emerged. Many 
of these debriefing frameworks adhere to Lederman’s basic 
elements and provide specific structure to the debriefing 
conversation in order to promote learning. However, some 
models such as learner-guided debriefing and intra-simula-
tion debriefing diverge form Lederman’s paradigm and offer 
novel approaches for simulation debriefing.

Regardless of the debriefing structure, the basic purpose 
remains the same—to allow those who have had an experi-
ence to reflect and discuss and analyze the experience and 
its meanings [14]. When facilitated effectively, the debrief-
ing process provides a means of formative assessment by 
helping learners to identify, explore, and close performance 
“gaps” [9]. The goal is for learners to improve poor perfor-
mance and maintain good performance in subsequent events, 
both simulated and in the actual clinical environment [9].

Debriefing Frameworks

Establishing a contextual framework within which the de-
briefing conversation unfolds helps both simulation par-
ticipants and debriefers. When the debriefing conversation 
moves through defined phases, it promotes efficient use 
of time, keeps the discussion on track, and focuses on im-

portant topics. The frameworks are grouped based on the 
inclusion of a facilitator during the debriefing (facilitator-
guided versus learner-guided) and the timing of the debrief-
ing during the simulation session (post-simulation versus 
 intra-simulation).

Facilitator-Guided Post-simulation Debriefing

The most common debriefing model used in SBE is for a 
single trained facilitator or debriefer or a small number of 
trained facilitators or debriefers to facilitate a conversation 
with simulation participants in order to discuss the events 
that occurred during the simulation scenario (Fig. 3.2). Sev-
eral frameworks describe a three-phase model, in which the 
debriefing conversation progresses through three sequential 
phases of discussion, each of which is aimed at a separate, 
yet important goal. Other frameworks involve more than 
three phases. Regardless of the number of phases, or purpose 
of each phase, the goal of all of the frameworks is to answer 
three basic questions: what happened, what was the effect of 
the experience on participants, and what does it mean [15].

Three-Phase Models

The most well-known three-phase frameworks for SBE de-
briefing includes reaction, analysis, and summary phases 
[9, 16]. The first phase of this model (reaction) allows the 

Fig. 3.2  Photograph of post-
simulation facilitated debriefing 
conducted in situ in the intensive 
care unit. (Photograph courtesy 
of Taylor Sawyer)
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debriefer and simulation participants to explore initial reac-
tions, including emotional reactions, to the simulation expe-
rience. Participants can blow off steam prior to completing 
the remainder of the debriefing. In this first phase, a common 
opening question to the debriefing conversation is “How did 
that make you feel?” In addition, relevant facts of the case 
are clarified. During the second phase (analysis) of the de-
briefing, the focus is on what happened during the simula-
tion and why participants performed the way they did. This 
phase can be further broken down into four steps, which in-
clude: (a) identification of a performance gap, (b) providing 
feedback on the performance gap, (c) investigating the basis 
for the performance gap, and (d) helping to close the per-
formance gap through further discussion and teaching [9]. 
It should be noted that a performance gap could also be a 
positive decision or behavior that should be reinforced with 
the participants or that some participants may not have been 
aware of during the scenario. The third phase (summary) is 
dedicated to distilling lessons learned and codifying the in-
sights gained during the analysis phase.

Another three-phase approach, which includes gather, 
analyze, and summarize phases, is known as the G.A.S. ap-
proach [17]. In this framework, the first phase (gather) al-
lows the team leader to provide a narrative of the simulation 
events, with supplementation from the team. The second 
phase (analyze) is dedicated to learner-centered reflection 
and analysis of the actions during the simulation. During this 
phase, pointed questions are used to stimulate reflection and 
expose the learners’ thinking processes. The final phase (sum-
mary) ensures that all the important learning objectives and 
teaching points were covered and to review lessons learned. 
The G.A.S. debriefing framework is described as a “struc-
tured and supported” format for post-simulation debriefing 
[17]. The structure is provided via the specific debriefing 
phases with related goals, actions, and time estimates. The 
support is provided by the inclusion of both interpersonal 
support, as well as the use of protocols, algorithms, and best 
evidence used to inform debriefing. The G.A.S. format for 
post-simulation debriefing has been adopted by American 
Heart Association (AHA) and has been incorporated in the 
pediatric advanced life support (PALS) course [18, 19, 25].

Multiphase Models
One multiphase approach to post-simulation debriefing is 
based on the US Army’s AAR [20]. In this framework, the 
debriefing conversation progresses through seven distinct 
phases, which include: Defining the rules of the debriefing, 
Explaining the learning objectives, Benchmarking perfor-
mance, Reviewing expected actions during the simulation, 
Identifying what happened, Examining why things happened 
the way they did, and Formalize learning. The acronym DE-
BRIEF can be used to remember the seven steps. It should 
be noted that several steps in this multiphase model over-

lap with those of the three-phase models described above, 
for example, allowing the group to discuss what happened, 
why it happened, and how performance could be improved 
next time. However, the AAR format is unique in its explicit 
outlining of learning objectives, its reliance of clear perfor-
mance benchmarks, and the disclosure of what the simula-
tion instructor/facilitator explicitly expected to happen dur-
ing the simulation [20]. The inclusion of these phases in 
the debriefing conversation ensures a shared mental model 
during the debriefing. It also allows participants to clearly 
understand the intended learning objectives of the training 
and provides an opportunity to objectively compare their 
performance against a known standard. Through the explicit 
review of expected actions during the scenario, the AAR for-
mat removes any ambiguity regarding the nature and intent 
of the simulation for the participants, prior to progressing on 
to the examination of what happened and why.

There is another multiphase model of debriefing in the 
debriefing framework, which is called “TeamGAINS” [21]. 
Using this framework, the facilitator guides the debriefing 
conversation through six sequential steps including:
1. Reactions of the participants, initiated with the question 

“How did that feel?”
2. Debriefing of the clinical component of the scenario
3. Transfer from simulation to reality
4. Discussion of behavioral skills and relation to clinical 

outcomes
5. Summarization of learning experience
6. Supervised practice of clinical skills, if needed
The TeamGAINS framework integrates several approaches 
to debriefing the simulation team, including Guided team 
self-correction, Advocacy-Inquiry, and Systemic-construc-
tivist (GAINS), which are discussed later in this chapter. 
Use of the TeamGAINS format during debriefing has been 
associated with positive ratings of debriefing utility, psy-
chological safety, and leader inclusivity [21]. The various 
approaches included in TeamGAINS can prove challenging 
for novice educators to master, but the approaches such as 
circular questions borrowed from systemic-constructivist ap-
proaches offer advanced debriefers additional tools for their 
repertoire [22].

The empiric evidence base for debriefing in healthcare 
simulation is limited [23]. As such, educators currently have 
little guidance to suggest that any one framework for post-
simulation debriefing described above is better, or worse, 
than any other. A summary of the different facilitator-guided 
post-simulation debriefing formats is provided in Table 3.2. 
It is likely that any of the above frameworks can be effective, 
if used appropriately by well-trained and engaged simula-
tion facilitators. In general, the various frameworks we have 
presented all share a structured format, which helps facilita-
tors guide the debriefing conversation, make good use of the 
allotted time, and address the key learning objectives.
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Facilitator-Guided Intra-simulation Debriefing

In order to maximize the time spent devoted to active and 
deliberate practice of key skills [24], recent reports describe 
methods for conducting debriefings during the simulation 
scenario—a debriefing method known as intra-simulation 
debriefing. Rather than waiting until the completion of the 
simulation case or scenario to debrief and provide feedback, 
intra-simulation debriefing occurs during the simulation sce-
nario. This type of debriefing is provided through a series of 
short and highly focused, debriefing/feedback events, which 
occur any time when feedback or correction is required. One 
example is the combination of stop action debriefing with 
repeated practice on troublesome skills, named “rapid-cycle 
deliberate practice” (RCDP) [25]. RCDP focuses on the cor-
rection of errors in real time. Using RCDP, the facilitator 
stops the actions of the participants any time an error occurs 
and uses a “pause, rewind 10 s, and try it again” approach 
to allow the participants to redo that section of the scenario 
again after the facilitator provides corrective feedback. The 
debriefing/feedback episodes focus on coaching the par-
ticipants to maximize performance in real time. The basic 
principles of RCDP include (a) maximization of time learn-
ers spend in simulation-based deliberate practice, (b) allow 
facilitators an efficient way to teach specific evidence-based 
approaches to medical care, and (c) foster psychological 
safety within the simulation environment [25]. RCDP has 
been shown to improve performance of pediatric residents 
during simulated pediatric cardiac arrest scenarios compared 
to historic controls trained using traditional post-simulation 
debriefings [25].

Learner-Guided Debriefing

A clear departure from the facilitator-led frameworks de-
scribed above is a debriefing method in which there is no fa-
cilitator to lead or guide the debriefing discussion, otherwise 
known as learner-guided debriefing. In this framework, the 
individual learners or teams debrief themselves. This type 
of learner-guided debriefing has been referred to as “self-
debriefing” for individuals, [26] or “within-team debriefing” 
when conducted by teams [27]. Reports of learner-guided 
debriefing describe the use of teamwork evaluation tools as 
a framework for reflection and formative self-assessment. 
During learner-guided debriefing the participants use these 
teamwork tools to guide their own debriefing and discus-
sions.

There is some evidence that learner-guided debriefing 
may be as effective as facilitator-guided debriefing. One 
study compared learner-guided to facilitator-guided debrief-
ing for anesthesiology residents managing intraoperative 
cardiac arrest [26]. Residents were randomized to either self-

debriefing using a behavioral assessment tool (anesthesia 
nontechnical skills tool) or traditional instructor-led facili-
tated debriefing. Both groups demonstrated improvements in 
performance from pre-test to post-test. There were no signif-
icant differences in the degree of improvement between self-
debriefing and instructor-led debriefing groups. A follow-up 
study compared the effectiveness of learner-guided debrief-
ing using the Ottawa Global Rating Scale as a framework 
compared to facilitator-guided debriefing on team perfor-
mance during a simulated anesthesia crisis scenario and once 
again found similar, but not statistically different, improve-
ment in both groups [27]. These results suggest that effec-
tive learning of nontechnical skills may be achieved equally 
through learner-guided debriefing without the aid of an in-
structor, which could improve resource utilization and the 
feasibility of team-based simulation at a program level [27].

Practically speaking, it is important to highlight that the 
debriefing framework may be less important than the simple 
act of debriefing itself. It is likely that any of the debriefing 
frameworks described would be more beneficial at improv-
ing performance over no debriefing.

Debriefing Approaches

There are several approaches to facilitate and optimize de-
briefing conversations that operate within the frameworks 
elaborated above. We define approaches to debriefing as 
particular methods and conversational techniques utilized 
during debriefings, which are aimed at optimizing the provi-
sion of information and maximizing the impact of the de-
briefing experience. These approaches are different to the 
frameworks discussed above, which describe the organiza-
tional context within which the debriefing unfolds and/or 
provides an outline for the conversational flow. Several pub-
lished approaches to debriefing that can be used to facilitate 
the debriefing conversation and to engage pediatric learners 
are reviewed below.

Perhaps the best known approach to debriefing is the 
debriefing with good judgment approach [16]. The compo-
nents of this approach include: (1) the conceptual model of 
reflective practice, which seeks to surface mental frames 
of mind that drove participants’ actions during the simula-
tion session; (2) a debriefing stance that encourages simula-
tion instructors to share their viewpoint, while at the same 
time allowing the participants to share their unique insights 
(i.e., the good judgment approach); and (3) utilization of 
the conversational technique known as advocacy-inquiry, 
a technique adopted from the business and organizational 
behavior literature. When using advocacy-inquiry, instruc-
tors advocate their point of view and subjective judgment of 
an event that transpired during the simulation, then inquire 
about the participants frame of mind in relation to the event 
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[16]. Using the good judgment approach allows instructors 
to manage the tension between sharing honest feedback 
while still maintaining the trust of trainees [16]. Debriefing 
with good judgment requires formal training for effective 
implementation. This approach has been taught in courses 
and workshops around the world and is widely practiced by 
pediatric simulation instructors.

A blended approach to debriefing called “Promoting Ex-
cellence and Reflective Learning in Simulation” (PEARLS) 
integrates three specific approaches to the analysis phase of 
debriefing and provide guidance for their targeted use [28]. 
The three approaches are learner self-assessment, focused 
facilitation, and directive feedback or focused teaching. Dur-
ing learner self-assessment, the debriefing facilitator guides 
a discussion in which the participants self-assess their per-
formance. This is typically accomplished via the plus/delta 
method: The facilitator asks open-ended questions regard-
ing “what went well?” (plus) and “what could be changed?” 
(delta). Benefits of learner self-assessment via the plus/delta 
approach include the ease of use and the ability to identify 
multiple issues quickly. Disadvantages include the potential 
to overlook the rationale, or reason, for observed perfor-
mance gaps, not being able to debrief all the identified issues 
on the list that has been generated, and the possibility for the 
debriefing to go offtrack. In terms of focused facilitation, de-
briefers can use any number of strategies to facilitate focused 
discussion surrounding key learning points. These include 
advocacy-inquiry [16], circular questioning [21, 22], self-
guided team correction [29], or alternatives and their pros 
and cons [30]. The main advantage to this approach is that 
the rationale/frames of the participants are fully identified; 
however, the disadvantages are that it is a more difficult skill 
to master and the technique requires more debriefing time to 
be successful. Finally, directive feedback is the focused in-
formation that the debriefer provides to participants in order 
to correct perceived performance gaps, without engaging in 
discussion to identify the underlying rationale for action. 
Directive feedback is a well-known and efficient method 
to modify performance [31]. The disadvantages include the 
pure instructor-driven nature of the approach and lack of 
group discussion, as well as a potential risky assumption on 
behalf of the debriefer that they know the rationale for the 
performance gap. In addition, the debriefer must provide the 
context for why they are correcting technique/behavior in 
order for learning to be achieved.

When using the PEARLS approach, significant consider-
ation is given to the available time for debriefing and wheth-
er or not a clear rationale is evident for the participants’ ac-
tion to help determine the specific method used. When there 
is limited time and the rationale for simulation participant 
actions is clear, directive feedback and teaching are used to 
close performance gaps. In situations where there is a limited 
time and the rationale is unclear, learner self-assessment is 

used to identify performance gaps and then either the learn-
ers or the instructor close the performance gap. If there is 
ample time and/or the rationale for actions is unclear then 
focused facilitation is used to identify and analyze individual 
performance gaps and the gaps are closed through a reflec-
tive practice approach.

The TeamGAINS framework specifically incorporates 
several facilitative approaches to post-simulation debriefing 
and also provides specific guidance for their use. The ap-
proaches include the conversational technique of advocacy-
inquiry, as well as guided team self-correction and systemic-
constructivist debriefing. Guided team self-correction pro-
vides structure and a technique for simulation participants to 
correct their own actions [29]. Using this approach, the de-
briefing conversation is supported by a pre-specified model 
of teamwork against which the simulation team is asked 
to compare their performance against, both positively and 
negatively. The debriefing facilitator guides the participants 
to reflect on specific components of the teamwork model 
(e.g., “Give me an example of when priorities were clear-
ly and appropriately stated”), and then waits for the team 
to offer their input prior to sharing their own opinion and 
observations [21]. Systemic-constructivist debriefing is a 
theory of debriefing founded in systemic therapy, a form of 
psychotherapy [22]. Within this theory of debriefing, a spe-
cific approach that has been applied to medical debriefing 
is circular questioning [21]. As opposed to direct questions, 
the facilitator asks a third person to describe the relationship 
between the other two people while in their presence. For 
example, the facilitator could ask a nurse to comment on 
what the senior physician did upon walking into the room 
and how the resident physicians reacted. In this approach, 
the participants are asked to circle back and comment from 
an outside perspective on the interaction of the other team 
members.

An important point to consider when comparing the ap-
proaches reviewed here is that the success of a specific de-
briefing approach is highly dependent on both the experi-
ence and expertise of the debriefer, as well as the experience 
and expertise of the learner group in regards to the specific 
simulation scenario and learning objectives. Novice learn-
ers, and those with limited experience with the case depicted 
in the simulation scenario, will likely require significantly 
more instructor-centered methods of debriefing, including 
direct feedback and teaching. More experienced learner 
groups will likely need less direct feedback, and the debrief-
ing conversation will progress well using learner-centered 
techniques including learner self-assessment and team self-
correction. Systemic-constructivist methods such as circular 
questioning and the debriefing with good judgment approach 
may work well with either type of learner, depending on the 
context and content of the simulation and the level of insight 
of the individual learners.
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Application of these Frameworks and 
Approaches to Pediatric Simulation

While the frameworks and approaches to debriefing de-
scribed in this chapter were not specifically developed for 
pediatric SBE, many have been applied to pediatric SBE. 
Specific examples of this include: (1) the use of the intra-
simulation debriefing during PALS training for pediatric 
residents [25], (2) the use of the three-phase model of de-
briefing during neonatal resuscitation simulation training 
[32], and (3) the use of the G.A.S. format for post-simulation 
debriefing during the PALS course [18, 19].

Strategies to Optimize Debriefing in 
HealthCare Simulation

The previous sections have provided an overview of con-
ceptual frameworks and specific debriefing approaches to 
help guide debriefing practice. One significant challenge is 
how to create the right environment for debriefing. Several 
factors have great potential to optimize the effectiveness of 
debriefing in healthcare simulation: (a) an emphasis on a 
safe learning environment for honest reflection and feedback 
(i.e., psychological safety); (b) an understanding of aspects 
unique to pediatric simulation; (c) knowledge and experi-
ence of the interplay of additional debriefing strategies such 
as co-debriefing, scripted debriefing, and video-assisted 
debriefing; (d) the importance of both formal and informal 
faculty development strategies, including evaluation of the 
debriefer.

Creating Supportive Learning Environments for 
Debriefing

A challenging, yet supportive, learning environment is an es-
sential prerequisite for SBE [9, 33], not only for allowing 
learners to engage fully in the simulation experience but also 
to promote honest and critical reflection about performance 
during the debriefing. Psychological safety is a sense of con-
fidence that a participant will not feel rejected, embarrassed, 
or punished for speaking up regarding both their personal 
performance, as well as the performance of the team. Mu-
tual respect and trust within the educator and learner group 
are essential to promote individual risk-taking [34, 35] and 
help learners to accept challenge [36]. In order to engender 
feelings of psychological safety, trust, and respect that form 
the foundation for receiving critical performance feedback 
and for the open discussion of mistakes, educators can take 
several key steps [35].
• Introductions: Educators and learners should introduce 

themselves to the group, share expectations for the ses-

sion, and build rapport [37]. Educators should learn and 
use learners’ names to demonstrate authentic interest in 
their learning and promote a flattened hierarchy between 
educators and learners depending on cultural and lan-
guage customs [38].

• Expectations: Educators should provide a session over-
view in order to ensure that expectations are clear, includ-
ing ground rules for working together and potentially 
including goals and learning objectives. Establish con-
fidentiality around the learners’ performance during the 
simulation sessions. Remind learners that the goal of the 
session is not to be perfect from the start, but to be chal-
lenged, learn from mistakes, and improve [44].

• Debriefing and Feedback: Educators should be explicit 
about how and when learners will receive feedback [39] 
and how the debriefing process will unfold. It can be 
helpful to highlight the significance of specific, honest 
yet nonthreatening feedback [40] in helping everyone 
improve their performance. If the simulation is paused to 
discuss relevant points or identify errors, disclose to the 
learners that they may be interrupted at various times dur-
ing the simulated case so that they can receive feedback.

• Orientation to space/equipment/resources: Educators 
should take the time to orient learners to the simulated 
learning environment, including available resources, 
engaging with the simulator or other embedded simulated 
persons, such as parents, caregivers, or other care provid-
ers such as nurses. It can also be helpful to review specific 
physical findings on the simulation manikin being used, 
and how to get other relevant clinical information (e.g., 
general appearance, capillary refill time, muscle tone, and 
so on) in order for the team to work through the case [38].

Unique Aspects of Pediatric Simulation Relevant 
for the Debriefing

Pediatric simulation educators must consider several pedi-
atric-specific factors and challenges when planning, imple-
menting, and debriefing simulated pediatric illness, especial-
ly for infants and toddlers. In contrast to simulation repre-
senting adolescents and adults, simulated infants and toddlers 
do not speak. Much as in clinical practice, this provides an 
added layer of complexity to pediatric care, and integrating 
simulated parents or caregivers can address several issues 
simultaneously. For example, simulated parents can provide 
relevant history or relay important physical findings essen-
tial to manage the case. These are worth mentioning here 
since how adequately (or inadequately) educators attend to 
these details for the simulation scenario can have significant 
downstream impact during the debriefing and help prevent 
learner frustration related to perceived realism. Of course, 
the primary learning objective of a case could be related to 
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interacting with a simulated parent or caregiver. With plan-
ning and coaching, simulated parents can also participate in 
the subsequent debriefing and even provide learners’ with 
critical performance feedback from a different perspective 
[41].

Key considerations for integrating simulated parents into 
a debriefing:
• The simulated parents can use learners’ initial reactions 

during the opening of the debriefing to guide their com-
ments.

• In general, simulated parents can be coached to specifi-
cally address issues related to how the learner(s) intro-
duced themselves, how well they listened, how they used 
or attended to nonverbal communication, and how well 
they used language that parents can understand [42]. 
Additional specific areas can be tailored the learning 
objectives of the case, for example, how to deal with fam-
ily member presence during a critical event or how to deal 
with a distracting family member. In addition, a simulated 
parent can comment on how well the team communicated 
with the child.

• During the debriefing, simulated parents should be encour-
aged to speak from the first-person perspective (e.g., 
“When you used a lot of medical terms, it was confusing 
for me”) [42]. In this context, it is important to remember 
that the actual simulation has ended and that comments 
and feedback to learners should be offered without any 
emotional overlay that contributes to enhanced realism 
during the simulation. In this way, great care should be 
taken as to the actual value of having the simulated par-
ent participate in the debriefing, especially with inexperi-
enced learners.

The Interplay of Additional Debriefing Strategies

Specific debriefing strategies, such as co-debriefing with 
more than one debriefing facilitator, the use of video to en-
hance debriefing, and scripted debriefing are additional strat-
egies that may play important roles in enhancing the debrief-
ing experience.

Co-debriefing involves the co-facilitation of the debrief-
ing by more than one person. Various combinations exist, 
including a more experienced facilitator with a less experi-
enced one, as well as co-facilitators from different healthcare 
professions or disciplines. If co-debriefers use strategies to 
proactively coordinate their efforts seamlessly and react ap-
propriately to the unique nature of two or more facilitators 
providing feedback simultaneously, the varied perspectives 
from co-debriefers can be advantageous. In addition, while 
one debriefer pursues a specific line of questioning, a co-
debriefer can monitor learners’ reactions and act to support 
a lead debriefer should difficulties arise. However, if the co-

debriefers are not on the same page regarding debriefing phi-
losophy, preferred debriefing framework or reactive strate-
gies for events that occur during the debriefing, the potential 
for disagreement between facilitators exists, which have the 
potential to negatively impact the debriefing and associated 
learning.

The use of video to enhance debriefing is widespread, al-
though the evidence to support its use is unclear [43, 44]. 
For video to be used appropriately and effectively, we rec-
ommend short clips that are presented with a clear purpose 
that make the visual replay of the event more critical than a 
simple discussion of the event without video. Video review 
can potentially be time-consuming, both in cueing the cor-
rect video sequence and allowing enough time for the video 
sequence to be shown and discussed. In addition, video re-
view should not be used in a punitive fashion to demonstrate 
a specific individual’s lack of skill or inappropriate manage-
ment. However, use of video can be a powerful way to dem-
onstrate team performance during a scenario [45].

Scripted debriefing may play an important role in the de-
briefing experience, particularly for novice instructors trying 
to learn the specific language and flow of debriefing. There 
is some evidence that the use of a debriefing script can lead 
to better learning outcomes in both knowledge and team 
behaviors [46]. In 2010, debriefing tools were incorporated 
into the instructor training materials of both the PALS and 
advanced cardiac life support (ACLS) courses of the AHA 
in an effort to standardize the method of debriefing across 
training centers [19]. Additionally, the PEARLS-blended 
debriefing approach includes a debriefing script to promote 
adherence to debriefing structure as well as a guide to for-
mulate specific questions using the various debriefing ap-
proaches [28]. The use of a debriefing script also has the 
potential to serve as a faculty development aid.

Debriefing is a skill usually acquired through participa-
tion in a variety of faculty development opportunities but 
further enhanced through on-going debriefing practice. Little 
is known as to the frequency or number of debriefing experi-
ences needed to achieve competence or proficiency. Some 
faculty development opportunities are formal, such as par-
ticipation in simulation educator courses and workshops, as 
well as graduate degrees in simulation. Others opportunities 
are informal, occurring during authentic teaching activities 
while under the supervision of more experienced simulation 
educators. Ideally, a blended approach to simulation faculty 
development involves formalized, structured experiences 
with ongoing support in the form of role modeling and peer 
coaching from trusted colleagues. Engaging in co-debriefing 
with a supportive, more experienced colleague who provides 
scaffolding can play a powerful role in enhancing debriefing 
skill development. To promote peer feedback, a shared un-
derstanding of behaviors that promote debriefing effective-
ness can serve to set standards for a simulation program.
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Assessing the Effectiveness of Debriefing

Healthcare simulation has evolved since its inception from a 
reliance on face validity to an evidence-based assessment of 
its effectiveness on educational and clinical outcomes [47–
50]. Similarly, while debriefing has long been relied on as 
the sine qua non of healthcare simulation and a critical link 
to its experiential aspect for the adult learner [13], recogni-
tion of the importance of debriefing quality and the formal 
assessment of debriefing represents the next phase in the 
growth of simulation-based debriefing [3].

Evaluating the effectiveness of debriefing is a burgeoning 
area of simulation research. Amongst the increasing number 
of published debriefing assessment tools [21, 33, 40, 49–55], 
relatively few psychometrically rigorous tools have been 
developed. These tools vary in their complexity and gener-
alizability but all share the basic framework of a quantita-
tive assessment of the essential components of debriefing. 
Here, we will specifically examine two published tools used 
to evaluate the effectiveness of debriefing: the Debriefing 
Assessment for Simulation in Healthcare (DASH) and the 
Objective Structured Assessment of Debriefing (OSAD), 
which has versions developed for both surgical and pediatric 
applications [40, 49, 55].

The DASH tool is a criterion-referenced behaviorally 
anchored rating scale that examines concrete behaviors in 
order to evaluate strategies and techniques used to conduct 
debriefings. The DASH is designed to allow assessment of 
debriefings from a variety of disciplines (including pediat-
rics), small or large groups of participants, various educa-
tional objectives, and different physical and time constraints. 
The DASH examines the simulation instructor’s abilities in 
debriefing across six elements: (1) establishing an engaging 
learning environment, (2) maintaining an engaging learning 
environment, (3) structuring the debriefing in an organized 
way, (4) provoking engaging discussion, (5) identifying and 
exploring performance gaps, and (6) helping trainees achieve 
or sustain future performance [55]. Performance in each ele-
ment is rated on a 7-point Likert-type scale from “extremely 
ineffective/detrimental” to “extremely effective/outstand-
ing” [55]. There are versions of the DASH available for use 
by trained raters, students, and for instructor self-assessment. 
In an evaluation of its psychometric properties, the DASH 
tool showed good evidence of reliability and preliminary ev-
idence of validity [33]. The assessment of specific behaviors 
offers the opportunity for formative as well as summative 
evaluation, supporting debriefing skills development.

The OSAD is an assessment tool initially designed to as-
sess surgical debriefing practices [40]. It consists of eight 
categories related to debriefing: approach, environment, 
engagement, reaction, reflection, analysis, diagnosis, and 
application. It has been demonstrated to have strong inter-
rater reliability and internal consistency and has been used to 

demonstrate an improvement in both frequency and quality 
of debriefing after an educational intervention [40, 50]. Each 
dimension of the OSAD is scored on a 5-point Likert-type 
scale containing defined anchors for scores 1, 3, and 5 to aid 
scoring and consistency. The pediatric-specific OSAD tool 
was developed after a literature review and interviews with 
pediatric debriefing facilitators and learners [49]. It relies on 
the same eight dimensions as the original OSAD tool. No 
literature currently exists on the reliability or validity of the 
pediatric OSAD.

Valid debriefing assessment tools will offer the opportu-
nity to evaluate debriefers and provide them with formative 
assessment, as well as to assess educational interventions in 
debriefing. The tools themselves are in effective road maps 
for high-quality debriefings.

The Future of Debriefing

Given the importance of debriefing in pediatric simulation 
and the current paucity of evidence regarding the relative 
effectiveness of different debriefing methodologies, future 
research in debriefing assessment is required in order to op-
timize the methods used in pediatric simulation debriefing 
[23]. Furthermore, research comparing the effectiveness of 
different approaches to debriefing (in various contexts) will 
help to better define the best approach to use in specific situ-
ations. Particular attention needs to be paid to the importance 
of various factors inherent to debriefing practice (timing of 
debriefing, length of debriefing, etc.), as well as various fac-
tors that can enhance or affect debriefing (video debriefing, 
co-debriefing, and scripted debriefing). Additionally, work 
should continue to provide ongoing education and faculty 
development in the art and science of debriefing method-
ologies for pediatric simulation educators. The availability 
of validated tools to assess the effectiveness of debriefing 
may provide important information to improve individual 
debriefer skills.
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Simulation Pearls

• Human factors are a major source of error in healthcare 
and should be the focus of specific training in the simu-
lated clinical environment.

• Simulation-based education has been effectively utilized 
for pediatric acute care team training with demonstrated 
improvements in confidence, knowledge, skills, team-
work behaviors, and patient outcomes.

• There are many teamwork assessment tools available. 
Some tools are developed to assess the entire team versus 
the leader alone, while others are developed as a stand-
alone teamwork tool versus embedded in a tool used for 
resuscitation performance overall.

• Developing simulation-based team training must include 
consideration of the purpose of such training, understand-
ing the needs of the participants and careful planning of 
the learning environment.

Team Training: Burden of Medical Error and 
the Role of Teamwork

Human error is common across all areas of healthcare, and 
those errors result in significantly increased patient morbi-
dity and mortality [1, 2]. Errors are more likely to occur in 
complex environments such as the intensive care unit and 
emergency department [3, 4]. This is due to several factors: 
the higher number of interventions performed per patient 
[5]; the need for multiple care providers to interact with each 
other to achieve common goals [6, 7]; and the provision of 
care in a high-stakes, high-stress environment, which may 
further impair healthcare providers’ performance [8, 9]. Re-
suscitation events are at particularly high risk of error [10, 
11]. Errors usually relate to either not adhering to esta blished 
resuscitation guidelines or medication errors, with the un-
derlying reason being healthcare providers not working 
 effectively as a team [12, 13].

Team training for pediatric resuscitation team members 
has become a common component of medical, nursing, and 
allied health professional education (Fig. 4.1). A significant 
volume of simulation-based research has been published 
recently, suggesting that simulation-based team training 
(SBTT) has a positive effect on healthcare provider perfor-
mance [14]. Research linking team training with real-life 
performance and actual patient outcome is more difficult to 
conduct; therefore, there are fewer published studies exam-
ining these outcomes. However, a recent study demonstrated 
that hospital-wide adoption of team training (among other 
changes to how resuscitation teams are educated) improved 
survival from cardiac arrest at an American pedaitric hospi-
tal compared to historical outcome data [15]. Hopefully, we 
will see more studies examining the impact of team training 
on real-life patient outcomes published in the near future.
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Team Training: A Competency Framework

As described above and in other sections of this book, human 
factors play a significant role in terms of healthcare provider 
performance. The errors that clinicians make are more often 
related to human factors, rather than lack of knowledge or 
technical issues with medical equipment. Formalized team 
training has been developed in many areas of healthcare in 
order to address these types of errors, including pediatrics 
[16, 17]. Each group of educators uses their own set of learn-
ing objectives or list of competencies [18]; however, there 
is substantial overlap among those that are published. The 
section below describes a user-friendly framework, which 
organizes educational content under four main teamwork 
competencies: role responsibility, communication, situation-
al awareness, and decision-making (Table 4.1) . This frame-
work fits nicely with a teamwork performance assessment 
tool developed in obstetrics but is also applicable to any area 
of acute care, including pediatrics [19].

Role Responsibility

Acute care teams consist of several members from differ-
ent clinical professions, most commonly medicine, nursing, 
and respiratory therapy, among others. These team mem-
bers take on different roles (leader, airway person, medica-
tion person, documenter, etc.). These roles must be assigned 
but are often assumed based on the profession of the team 
member. For example, the team leader is usually a physician 
and the medication person is usually a nurse. The leader is 
ultimately responsible for assigning roles. Furthermore, all 
tasks (i.e., workload) required during the resuscitation must 
be assigned and distributed, so that team members take own-

ership of tasks to ensure completion. Tasks ordered into thin 
air are not as likely to be completed since this ownership is 
lacking. Finally, team members must recognize and verba-
lize their performance limitations so that tasks are assigned 
to the most appropriate member. For example, if some of 
them have not been trained in how to operate the defibril-
lator, then they are not the best person to be assigned this 
important task.

Communication

There are many different aspects to good communication 
during an acute situation, ten of which will be discussed 
here (Table 4.1). Communication of both clinical observa-
tion and orders must be handled very carefully, so that they 
are not missed or misunderstood. There are three important 
overarching aspects to the proper communication of or-
ders: (1) Team members must direct their communication 
by using names or other ways (e.g., tap on the shoulder) of 

Fig. 4.1  Team photo. (Photograph courtesy of KidSIM Pediatric Simu-
lation Program)

 

Table 4.1  Teamwork competency and behavior framework

Teamwork competency Teamwork behavior
Role responsibility Assign roles

Distribute workload
Recognize and verbalize performance 
limitation
Verbalize overload
Cross-monitor roles

Communication Use directed communication
Give clear and concise orders
Use closed communication loop
Think out loud
Leader seeks input from team members
Team members suggest ideas/plans to 
leader
Orient new members, if required
Give all information to leader
Speak with calm voice
Resolve conflicts and deal with distractions 
quickly and effectively

Situational awareness Quickly develop a shared mental model
Conduct frequent re-assessment and re-
evaluation of patient
Prioritize attention effectively as situation 
requires
Avoid fixation errors
Anticipate and plan
Allocate resources (human and equipment) 
effectively
Call for help when needed

Decision-making Team members receive orders only from 
leader
Use all available relevant information
Set priorities dynamically
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 identifying the specific recipients of their communication 
(i.e., eye contact alone is not enough given that people some-
times are not listening even when they are looking directly 
at someone talking to them). (2) Team leaders must give 
clear and concise orders (miscommunication occurs when 
orders are incomplete, short forms or abbreviations are used, 
or assumptions are made that the person receiving the order 
understands some unsaid detail of the order—this is espe-
cially true for medication orders). (3) Team members must 
use a closed communication loop when sharing information 
or giving/receiving orders. A proper closed communication 
loop includes the following steps: team member shares in-
formation with another team member or leader gives order, 
person receiving information/order repeats it back to ensure 
accuracy, and (in the case of an order) person carrying out 
order lets leader know when task is complete.

In order to ensure that all team members have shared situ-
ational awareness (see below), free sharing of ideas must 
occur. This is accomplished by team members thinking 
aloud when ideas come to them, with the leader asking for 
input from team members, and when team members share 
their ideas with the leader for consideration. Since leaders 
are receiving all information and trying to process it quickly 
in real time in order to formulate a management plan, it is not 
uncommon for them to miss clinical information or to not 
consider possible diagnoses or plans for management. Team 
members may think of an idea that has not yet occurred to 
the leader. These ideas should be shared, so that all ideas 
are considered before a final plan is proposed by the leader. 
The challenge, though, is that while it is desirable to share 
ideas and important information, one should be strategic and 
avoid distraction or disruption at crucial moments during a 
resuscitation event. Finally, when a new member joins the 
team, then they must be oriented to what is happening with 
the patient, so that they can be most helpful in accomplishing 
tasks, as well as offer useful ideas.

The leader must receive all relevant information about 
the status of the patient so that they are in the best position 
possible to make informed decisions about ongoing patient 
management (see below).

Finally, establishing a collegial and collaborative team 
environment is essential to good team functioning. This is 
accomplished by speaking with a calm voice (so that other 
team members do not misinterpret a raised tone of voice to 
be anger), as well as resolving all conflicts and dealing with 
all distractions (volume of noise in the room, number of 
people at the bedside, etc.) as quickly as possible.

Situational Awareness

Situational awareness (SA) is defined as “a person’s percep-
tion of elements in the environment, comprehension of that 

information, and the ability to project future events based 
on this understanding” [20]. It is vital that all team members 
maintain as much SA as possible but recognizing that there 
are certain times where team members must pay full atten-
tion to performing a task, which will result in temporarily 
losing SA for a short period of time.

A shared understanding of the diagnosis and overall treat-
ment plan, called sharing a mental model, will ensure that 
team members can all be as helpful and efficient as possible 
in carrying out their duties. Ensuring that a shared mental 
model exists is accomplished by some of the communica-
tion behaviors listed above, such as thinking aloud and shar-
ing ideas. Ensuring that the correct mental model is shared 
is accomplished by conducting frequent reassessments and 
re-evaluations of the patient. This will ensure that changes 
to the patient’s status will not go unrecognized by the team. 
These reassessments are best done: (a) after a clinical deteri-
oration, (b) after an intervention, (c) during a pause in the ac-
tion, and (d) when there is uncertainty to the cause of events. 
In addition, team members must prioritize their attention ef-
fectively, since people are only capable of holding a small 
number of pieces of information in our short-term memory 
at any one time. It would be easy for a key change in patient 
status to be missed if no one is paying attention at the time 
when the change happened. A concrete example of this is the 
suggestion that the leader remains hands off and does not 
participate in performing procedures directly on the patient. 
In addition, it is essential that team members avoid making 
fixation errors, which are defined as a “persistent failure to 
revise a diagnosis or plan in the face of readily available evi-
dence suggesting that a revision is necessary” [21].

High-functioning teams can anticipate and plan, whenev-
er possible, so that future tasks can be completed in a shorter 
period of time. For example, nurses in charge of the drug cart 
often draw up multiple doses of a medication, in anticipation 
that they will be needed, since it is more efficient to calcu-
late the dose and volume only once, instead of repeating the 
calculation again in a few minutes.

Finally, the resources required (both human and equip-
ment) for a team to complete their tasks may need to be 
considered. New equipment may have been brought to the 
patient’s bedside, or the team might need to call for help (for 
advice or for someone to attend in person to help perform all 
necessary tasks). All these must be coordinated, typically by 
the leader. If there are not enough people on the team to per-
form all the tasks required at any given time, then the leader 
may have to prioritize the tasks.

Decision-Making

Decisions regarding patient diagnosis and treatment must be 
made at several points during an acute situation such as a 
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resuscitation. It is important that all orders come from the 
leader because they are in the best position to make the most 
informed decision. The leader is the person least likely to 
make a fixation error or miss important information because 
he/she should not have had their attention diverted at any 
time during the event. The leader (and other team members) 
should use all available information in order to come up 
with the best diagnosis and treatment plan, since not includ-
ing certain information can lead to misdiagnosis and fixa-
tion errors. Finally, priorities may need to change at different 
points during the event, with changes in patient status, the in-
corporation of new information, or response to previous in-
terventions. Therefore, the team should be ready and willing 
to set their priorities dynamically, so that they can quickly 
change course with minimal delays in providing optimal care 
to the patient.

Team Training: The Evidence

SBTT began in earnest in 1992 when the concepts of crisis 
resource management (CRM)  were first introduced in an-
esthesiology practice [22]. Over the past 2 decades, SBTT 
has been extensively adopted by many healthcare profes-
sionals with the view of improving patient care and avoiding 
errors. With the exponential creation of simulation centers 
and the increasing allocation of scarce resources to SBTT, it 
has become imperative to review the merits and outcomes of 
these activities. A systematic review of published studies up 
until November 2012 was conducted, looking at the effect of 
SBTT on patient safety outcomes. Despite study variability, 
there was evidence that simulation training improved tech-
nical performance of individuals and teams during critical 
events and complex procedures [23]. Furthermore, limited 
evidence also supported improvements in patient outcome at 
the healthsystem level [15].

Another critical synthesis and literature review dem-
onstrated significant gaps in the literature, with the need 
for a specific research framework to advance the ability 
to relate patient outcomes to SBTT, or at a minimum, risk 
mitigation [24]. Rigorous attention to the evidence-based 
development, implementation and assessment of SBTT 
will be needed to properly affect knowledge transfer. A 
similar systematic review of the transfer of learning and 
patient outcomes using simulated CRM management has 
also been conducted [25]. The authors included studies that 
demonstrated evidence of Kirkpatrick’s levels 3 (behavior: 
transfer of learning to the workplace) and 4 (results: patient 
outcome) [26]. A total of 9 out of 7455 eligible simulation 
studies (up to September 2012) met those criteria. Of the 
nine selected studies, four showed measurable transfer of 
CRM learning into the clinical environment. Five studies 

measured patient outcomes, with one demonstrating signif-
icantly improved patient mortality by 37 % [27]. This sys-
tematic review also highlights how few CRM studies assess 
outcomes in the real clinical environment. Finally, a review 
of multiple studies in neonatal, pediatric, and adult resusci-
tation simulation training showed evidence of improvement 
in the performance of CRM team skills (e.g., leadership, 
interpersonal skills, distribution of workload, communica-
tion, and professional behavior), further supporting the ef-
fectiveness of CRM training in improving team functioning 
and dynamics [23].

A sine qua non of highstakes, highacuity teams is that 
they are interprofessional and multidisciplinary by neces-
sity. The added complexity of team dynamics is especially 
true in the operating room with team members represent-
ing various surgical specialties, anesthesiology, nursing, 
and respiratory therapy, with a inherent historical hierarchy 
amongst surgical teams. A systematic review of simulation 
for interprofessional and multidisciplinary teams in the op-
erating room included 18 studies from ten centers [28]. All 
scenarios were conducted in situ and utilized computerized 
mannequins and/or partial task trainers. The variable nature 
of technical and nontechnical (CRM) outcomes prevented 
direct comparisons between studies. Common barriers to 
implementation were reported including difficulties with 
recruitment, lack of surgical model fidelity, and costs. An-
other significant and commonly reported barrier was the 
challenge of providing time for in situ team training in a 
busy operating room environment. Contributors to success 
included pre-briefing, allowing adequate time for learning, 
and creating a safe environment of equality between nurses 
and physicians.

Another systematic review of interprofessional and multi-
disciplinary teams in the operating room included 26 studies 
published from 1990 to 2012 [29]. About half of the studies 
were conducted off-site in simulated operating rooms with 
an emphasis on technical skills. Two of the studies involved 
new procedure acquisition and led to the creation of novel 
safety checklists that were incorporated into clinical practice. 
The other point-of-care (in situ)  studies were noted to be 
more psychologically engaging, enhanced interprofessional 
communication, and helped to identify and solve problems 
within the actual work environment.

Trauma resuscitation also requires high-functioning 
teams who practice excellent CRM principles. A systematic 
review of the trauma literature for the efficacy of simulation-
based trauma team training of nontechnical skills reveals a 
total of 13 studies that were included for final review [30]. 
Seven studies were subcategorized per Kirkpatrick’s levels 
of learning [26]. Only two studies were at the patient out-
come level (level 4). One study demonstrated an improve-
ment in time from arrival to computed tomography scanning, 
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endotracheal intubation and final disposition to the operating 
room [31]. The second study found an improvement in task 
completion and timing to definitive treatment [32]. Neither 
study had an overall effect on the duration of ICU/hospital 
stay, morbidity, or mortality.

Finally, a systematic review of 29 articles analyzed in situ 
simulation for continuing healthcare professions education 
[33]. The salient conclusions were that appropriate needs as-
sessments were rarely used, instructors were rarely provided 
with specialized assessment and feedback skills, scenarios 
frequently inappropriately mixed multiple levels of perfor-
mance, outcome measures were informal, and evaluation 
methods were poor. Studies could not be properly cross–ana-
lyzed. This really reflects the current ad hoc nature of in situ 
professional development training for healthcare practitio-
ners. Overall, there appears to be a lag in the appropriate de-
velopment of quality continuous professional development 
simulation-based team training compared to curriculum-
driven simulation-based team training in undergraduate and 
postgraduate professions’ education.

Taken as a whole, the current body of evidence suggests a 
need to move towards more meaningful research that utilizes 
evidence-based best practices in developing validated tools 
of SBTT instruction and assessment. Very little is known 
about the potential impact on organizations and practice. Fu-
ture studies assessing patient outcomes will help in the quest 
for ultimately mitigating errors and improving patient safety.

Team Training: Incorporation into Established 
Curricula

Simulation has been used extensively in pediatric acute care 
team training and assessment including resuscitation, pediat-
ric medicine, anesthesia, critical care medicine, and trauma 
care.

Resuscitation

The pediatric advanced life support (PALS) course deve-
loped and offered by the American Heart Association  offers 
the fundamentals of resuscitation education for those in-
volved in providing pediatric acute care. PALS is a 2-day, 
14-h course that provides guidelines and protocols for iden-
tification and acute management of airway, respiratory and 
cardiac problems [34]. Use of mannequins and task trainers 
has always been a feature of these courses. Over the years, 
there has been a transition away from didactic presentations 
to video-based discussions and small-group learning using 
simulation and hands-on practice. The most recent editions 
have placed an additional emphasis on teamwork skills, 

with the integration of video-based discussion. Scripted de-
briefing to aid in the debriefing of simulation scenarios has 
also been incorporated into the most recent iterations of the 
course [35]. One of the challenges in the delivery of these 
courses is that frequently the participants are from diverse 
backgrounds and professional designations with variable ed-
ucation needs. Many of these courses also take place outside 
of the participants’ home institution and are likely not in the 
context of the participants’ usual clinical environment. Some 
learners are placed in leadership roles, even though they may 
never assume a similar position in their normal work envi-
ronment. Many institutions require their employees to have 
active certification in these courses as a minimal requirement 
to participate on pediatric acute care teams. PALS is meant 
to be part of a larger continuing education program [36], but 
there is a historical reliance on PALS training itself and its 
recertification every 2 years to maintain essential compe-
tencies. It has been demonstrated that PALS knowledge is 
actually insufficient for in-hospital resuscitation and is not 
sustained over time [37]. Simulation-based studies have re-
vealed inadequate training for leadership and equipment use 
leading to delays in treatment [38].

Pediatrics

Limitations with the PALS model suggest that it is necessary 
to provide an ongoing practice for acute resuscitation with 
hospital-based care providers. The knowledge and skills that 
are used in everyday practice may not be sufficient to deal 
with the variety of medical issues that may be encountered 
during cardiopulmonary arrest situations. A number of studies 
have demonstrated the effectiveness of mock code programs 
in terms of self-perception of confidence and preparedness 
and a decrease in anxiety [39]. Incorporation of team training 
and human error curriculum into a Neonatal Resuscitation 
Program has led to an increase in team behavior, including in-
formation sharing, inquiry and assertion, evaluation of plan, 
vigilance, and workload management. Simulated resuscita-
tion practices were completed in a shorter time. The effect 
on team behaviors persisted for at least 6 months after the 
initial training [40, 41]. Impact on clinical outcome was dem-
onstrated in a study that observed increased survival rates 
that correlated with increased number of mock codes [42]. 
In a modular, standardized, simulation-based resuscitation 
curriculum for pediatric residents, objective assessment dem-
onstrated correlation of increased training with higher perfor-
mance scores in medical management and teamwork skills 
[43]. Other innovative teaching methods, such as just-in-time 
training [44], PALS reconstructed [45], and rapid cycle delib-
erate practice [46] have been developed to improve the learn-
ing outcomes of pediatric acute care providers.
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Anesthesia

The principles of anesthesia management are generally 
translatable for patients of all ages; however, the practice 
of pediatric anesthesia requires specific knowledge and 
skills, which can be incorporated into context-specific team 
training exercises. The operating room (OR)  is generally 
thought of as the main site where acute care team training 
should take place for anesthesiologists and anesthesia train-
ees. In fact, interprofessional team training for three main 
 healthcare professions in the OR (anesthesiologists, nursing 
staff, and surgeons) would be more valuable overall than the 
uniprofessional training of one group. Team leadership is 
normally assumed by the anesthesiologists for medical cri-
ses, but there are other situations where there are conflict-
ing priorities such that each professional group may wish to 
lead and/or direct team members to manage their own pri-
mary concern. In order to recreate these complex situations, 
task trainers that are familiar to surgeons or equipment that 
is normally managed by nursing staff can be incorporated 
into the setup of a traditional simulation mannequin with a 
vital signs monitor in order to increase the cognitive load 
on the participants. As an example, a laparoscopic nephrec-
tomy model can be placed on top of a simulation mannequin, 
and the usual drapes and equipment will recreate a typical 
OR set-up. During a crisis, such as hypovolemic shock, the 
surgeons may require additional equipment to control the 
bleeding and the anesthesiologists may require additional 
resuscitation medications and fluids. Nursing resources may 
be limited. Perfection of teamwork skills would be essential 
to expertly manage such complex events. One limiting factor 
is that pediatric-sized surgical models are not always readily 
available commercially and may need to be innovatively cre-
ated at the local sites.

In situ simulation that involves real teams in the real-work 
environment may add realism and increased engagement in 
the simulation. Clinical decision-making skills and team-
work were effectively taught in a series of in situ simulations 
for otolaryngology teams that consisted of surgical trainees, 
anesthesia trainees, nurse anesthetists, and OR nurses [47]. 
At the Hospital for Sick Children, a series of in situ simula-
tion sessions in the operating room uncovered system prob-
lems, which posed as latent safety threats. For example, a 
few medications that were requested for resuscitation were 
not immediately available on the arrest cart, and it was as-
sumed their storage location was well known. Another ex-
ample was difficulty in locating the code switches which was 
later reported to OR administration for follow-up.

A large proportion of procedural sedation and general 
anesthetic administration for children are actually provided 
outside of the OR (such as the endoscopy unit, the burn 
unit, oncology wards, intensive care units, and emergency 
departments) for various procedures such as lumbar punc-

tures, bone marrow aspirates, and closed fracture reductions, 
among many others. Other off-site sedation locations include 
diagnostic imaging (for use in magnetic resonance imaging, 
interventional radiology, and cardiac intervention units). In 
situ simulation can certainly be used to determine system is-
sues and processes in all these environments where expertise 
and resources may not be as readily available as in the ope-
rating room.

Team Training: Incorporating Teamwork 
Principles into a Simulation Scenario

Most SBTT currently occurs in either university- or hospital-
based simulation centers or increasingly in the in situ con-
text-enhanced simulation training environment.

Irrespective of the site of training, the four major ele-
ments of the framework for SBTT remain constant: role 
responsibility, communication, situational awareness, and 
decision-making. Simulation exercise setup is discussed in 
more detail in Chap. 2.

The first elements to consider are the purpose and aims 
of simulation activity. Although this seems intuitive, clearly 
defined learning outcomes that align with the curriculum are 
often poorly considered, misaligned, or too many goals are 
created for a single SBTT activity. The type of knowledge, 
skills, and attitudes or behaviors addressed in simulation re-
fers to the various learning domains that need to be consid-
ered in SBTT. Learning outcomes should be developed and 
aligned to the level of expertise required within each domain.

The unit of participation in the simulation refers to the 
individuals or teams where focus is required for SBTT: both 
as individuals with defined roles and as part of the functional 
team as a unit. The experience level of simulation partici-
pants requires targeting the learning to the experience and 
capabilities of the participants. This is both a challenge and 
an opportunity in SBTT due to the heterogeneous makeup 
of interprofessional teams. Teamwork principles are mostly 
devoid of technical skills or medical expertise and the team 
dynamics of common goal setting take precedence. Occa-
sionally, novice healthcare providers are integrated into ex-
perienced teams for SBTT. This can be used as an excellent 
opportunity to highlight the importance of recognizing role 
limitations, asking for help, and speaking-up.

The healthcare domain in which the simulation is applied 
provides context for SBTT. Various examples include surgi-
cal care, pediatric critical care, neonatal intensive care, and 
emergency care, among others. The healthcare disciplines 
of personnel participating in the simulation also intersect 
with the previous elements. Personnel may not be limited 
to physicians, nurses, and respiratory therapists but should 
include all usual team member roles, depending on the con-
text. SBTT may even include non-direct patient healthcare 
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providers such as unit clerks, administrative staff and house-
keeping staff.

A useful conceptual framework in SBTT scenario design 
is based on utilizing the naturalist approach versus the pre-
scripted approach [48]. The naturalist approach relies on 
real-time chance opportunities to elicit and observe CRM 
behaviors from team members. Even if the scenario was 
primarily designed to teach non-CRM skills such as techni-
cal skills, SBTT inevitably leads to many time points where 
CRM principles can be highlighted. This constructivist ap-
proach requires significant instructor skill in capturing these 
points for discussion during debriefing. Although this ap-
proach has the potential advantage of less preparation time 
and perhaps lower resource utilization, there is a real risk 
of failing to elicit important CRM principles. The naturalist 
approach may be best reserved for highly skilled teams that 
have the opportunity for frequent practice. The behaviorist-
based pre-scripted approach relies on purposeful scenario 
design crafted to elicit specific CRM behaviors. Case deve-

lopment and progression; the use of standardized patients as 
confederates or distractors; careful control of the simulated 
environment with the addition or withholding of data—all 
must be carefully pre-scripted. Triggers need to be embed-
ded [49]. Multiple strategies for linking CRM principles to 
scenario design are described in Table 4.2. Scenario design-
ers should avoid over pre-scripting whereby participants can 
become overwhelmed with information overload and stress 
and ultimately disengage from the case. Trickery, and over-
acting should be avoided.

The pre-scripted approach allows for the alignment of the 
participants’ prior experience, the learning objectives, and 
the debriefing methods. This framework is appropriate for 
all learners and is especially useful when specific CRM prin-
ciples need to be addressed. This approach also works well 
for isolated learning events and longitudinaltiered learn-
ing. The potential disadvantages of longer preparation time, 
higher resource utilization, and perhaps higher costs are out-
weighed by the increased ability to tailor SBTT learning.

Table 4.2  How to incorporate teamwork learning objectives into a simulation scenario. (Reprinted with permission from Cheng et al. [48])

Crisis resource management 
principles

Strategy to incorporate crisis management principle into the scenario

Leadership Wave effecta—introduce team members in a sequential fashion (e.g., nurses → residents → fellow)
Introduce a new team member
Introduce a potential, new team leader (e.g., critical care physician, anesthesiologist)

Communication Take people out of their comfort zone (e.g., start scenarios without nurse/without doctors)
Introduce handover, for example, paramedic handing over to emergency team; nursing handover at shift 
change
Introduce a scripted medication error
Withhold information (e.g., relevant medical history)
Give critical information to a team member (e.g., blood glucose) during critical point in scenario (e.g., cardiac 
arrest)
Introduce a parent or caregiver as a potential distractor

Teamwork (human resources) Challenge team with multiple tasks/problems (e.g., hypoglycemia, seizure, hypotension, respiratory arrest)
Wave effecta—introduce team members in a sequential fashion (e.g., nurses → residents → fellows)
Introduce a junior team member (e.g., medical student)
Introduce parents or team members who are distractors
Introduce a team member who makes some mistakes
Use phone calls
Provide fewer team members

Resource use Withhold critical equipment (e.g., defibrillator)
Provide broken or improperly sized equipment (e.g., rupture endotracheal tube cuff)
Provide an abundance of resources (e.g., scatter multiple endotracheal tubes on top of crash cart)
Use a phone call to introduce the case and allow time for team to prepare for resuscitation (e.g., trauma 
 arriving to emergency department)

Situational awareness Design challenging scenario with more frequent physiological changes
Design scenario history, physical or case progression to promote fixation error (e.g., cardiogenic shock from 
myocarditis presenting as vomiting and diarrhea)
Challenge team leader to prioritize by providing laboratory and radiology results or introducing team members 
during critical points in scenario (e.g., during intubation)
Introduce a team member who makes mistakes

a Wave effect is defined as the sequential introduction of team members during a simulated resuscitation. The benefit of this strategy is that each 
time a team member is introduced, there should be some sort of communication between new and existing team members. This strategy also 
provides the initial one or two providers the opportunity to manage the patient directly, often desirable for more junior learners
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The feedback method(s) accompanying simulation is es-
sential to create learning and should be predetermined as 
part of the planning process. Various models of feedback and 
methodologies are described in greater detail in Chap. 3.

The event-based approach to training (EBAT) utilizes 
a methodology that links critical events with targeted re-
sponses in the domains of knowledge, skills, and attitudes 
(Fig. 4.2) [49]. These sequential steps create a set of targeted 
competencies that link the specific learning outcomes to spe-
cific performance metrics and facilitate enhanced longitudi-
nal curriculum development in SBTT.

Another useful evidence-based framework for creating 
learning in SBTT (although not unique to SBTT) was de-
veloped in which specific elements of SBTT training were 
included [50]: focus training content on critical teamwork 
competencies; emphasize teamwork and team processes 
over task work; guide training based on desired team-based 
learning outcomes and organizational resources; incorporate 
hands-on, guided practice; match similar on-the-job mental 
processes and simulation-based training content to augment 
training relevance and transfer to practice; provide both out-
come and behavior-based feedback; evaluate training impact 
through clinical outcomes and work behaviors and reinforce 
desired teamwork behaviors through coaching and perfor-
mance evaluation [50]. A useful framework of best prac-
tices for evaluating team training in healthcare was created 
through the Joint Commission in the USA (2011) [51] These 
best practices include recommendations on sources of infor-
mation to be used when designing evaluation plans, consi-
deration of the organizational context of teams, variance of 
performance to be expected, timeframe to be used, and dis-
semination plans [51]. We are only starting to evaluate work-
based outcomes and transfer to practice. Ultimately SBTT 
should have a positive impact on clinical processes, clinical 
outcomes, and enhanced patient safety, but it will need to be 
measured objectively.

Debriefing Considerations

Effective debriefing is an essential aspect of SBTT. Reflec-
tion on the scenario experience and self-assessment is a 
powerful tool to anchor learning and to improve team func-
tioning. Issues of the specificity, the diagnostic nature, and 
the timing of the feedback have tremendous influence on 
the learning outcomes [24]. Likewise, the debriefer must be 
trained and skilled in the use of effective debriefing.

The various methods of debriefing with their indications 
and limitations are presented elsewhere in this book (see 
Chap. 3).

Assessment Tools for Team Training

In order to create a link between SBTT and clinical outcomes 
and patient safety, the first challenge is to create reliable and 
valid tools that support the assessment of SBTT. Many as-
sessment tools have been created that show excellent reli-
ability and face validity but lack the robust ability to predict 
improved performance in the clinical setting and improved 
patient outcomes. There have been many tools published over 
the past 20 years, each focusing on different target groups 
and in different clinical environments (Table 4.3). Each tool 
incorporates different teamwork behaviors, although the 
content overlaps substantially, since one can argue that good 
teamwork should look the same, no matter what acute care 
clinical environment it is developed for. Some are developed 
as part of an overall assessment of performance during acute 
care/resuscitation, and some others focus on teamwork alone 
(see Chap. 7).

There are two broad categories that describe the target of 
each assessment tool: those targeted at assessing the leader 
and those targeted at assessing the entire team. Table 4.3 
describes this breakdown. It may be easier to assess the 

1. Teamwork
Competencies

2. Learning
Objectives

4. KSAs

6. Targeted Responses

7. Measurement tools

8. Scenario Script

Feedback and
Remediation

5. Critical Events

3. Clinical Context

Performance During
Simulation

Performance Diagnosis

- Use products of performence
diagnosis to make decisions

about what feedback to provide
and what future training is

needed

- Determining the causes of
effective and ineffective

performance

- Structured Simulation
Scenario with embedded

critical events

- Create behavioral checklists
using critical events and

targeted responses;
incorporate other forms of

measurement- Create opportunities to
performs; triggers that elicit
performance being trained

- Define expected behaviors
associated with critical events

- Explicitly defined
knowledge, skills, and
attitudes necessary for

effective performance in
given clinical context

- Chosse a clinical situation or
disease process capable of
meeting the learning goals

- Articulate goals for
training at a level that

can be measured

- Leadership
- Situation monitoring

- Mutual Support
- Communication

Fig. 4.2  Event-based approach to training (EBAT). (With permission from Rosen et al. [49])
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Tool Clinical environment 
or target of assessment

Leader versus 
entire team

Embedded within resuscita-
tion assessment or stand-
alone teamwork assessment

Teamwork domains included

Brett-Fleegler et al. [52] Pediatric resident Leader Embedded Professionalism
Leadership
Management

Cooper et al. [53, 54] Resuscitation teams Entire team Stand-alone Teamwork
Leadership
Task management

Fletcher et al. [55] Consultant anesthetist Leader Stand-alone Task management
Team working
Situation awareness
Decision-making

Frankel et al. [56] Multiple: obstetrics, 
operating room, and 
multidisciplinary 
rounds

Entire team Stand-alone Coordination
Cooperation
Situational awareness
Communication

Gaba et al. [57] Anesthesia Entire team Stand-alone Orientation
Inquiry/Advocacy/Assertion
Communication
Feedback
Leadership/followership
Group climate

Grant et al. [58] Pediatric resident Leader Embedded Leadership
Communication skills

Guise et al. [19] Obstetric teams Entire team Stand-alone Role responsibility
Communication
Situational awareness
Decision-making

Kim et al. [59] ICU residents Leader Stand-alone Leadership
Situational awareness
Communication skills
Problem-solving
Resource utilization

Lambden et al. [60] Pediatric resident Leader Embedded Communication and interaction
Cooperation and team skills
Leadership and managerial skills
Decision-making

Mishra et al. [61] Operating room teams Entire team Stand-alone Leadership and management
Teamwork and cooperation
Problem-solving and decision-making
Situation awareness

Reid et al. [62] Pediatric resuscitation 
teams

Entire team Embedded Leadership
Management

Sevdalis et al. [63] Operating room teams Entire team Stand-alone Communication
Coordination
Leadership
Monitoring
Cooperation

Thomas et al. [64] Neonatal resuscitation 
teams

Entire team Stand-alone Information sharing, inquiry
Assertion, intentions verbalized
Teaching
Evaluation of plans
Workload management
Vigilance/environmental awareness

Table 4.3  Teamwork assessment tools for acute care medicine
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 performance of one individual within the team, therefore 
potentially improving the reliability of the tool. However, 
the validity of these leader-only tools may be called into 
question, since some elements of good teamwork behavior 
specifically allow for other team members to improve the 
overall performance of the team, despite potential limitations 
of the leader’s performance.

Conclusions

Research in team training has greatly expanded our under-
standing of the importance of this type of educational op-
portunity in changing healthcare provider’s behavior in the 
simulation environment. We now know what are the key ele-
ments of team training, how to incorporate specific objec-
tives into a scenario, and how to modify this for different 
learners. What we do not know yet is whether this training 
improves learner’s performance in real life, and whether this 
translates into improvement in patient outcome. This training 
is time and resource consuming; so, we must determine if it 
is worth the effort by linking this training to real patient out-
comes. If there is a positive link, then consideration should 
be made to having this training offered to all  healthcare pro-
viders on an ongoing basis.
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1. The role of pediatric simulation in improving patient safe-
ty is evolving and has tremendous potential.

2. Simulation is increasingly being used to evaluate systems 
and processes in both a retrospective and prospective 
fashion.

3. Simulation is a powerful bridge between existing safety 
initiatives and frontline providers.

4. The integration of simulation into ongoing patient safety, 
risk reduction, and quality initiatives has great potential 
to demonstrate the return on investment of simulation and 
to improve patient outcomes.

Background

Pediatric simulation practitioners often conduct their work 
to improve proximal outcomes such as provider skills and 
teamwork. In addition, simulation can be used within the 
broader context of the practice and improvement of patient 
safety as it allows for an individual-provider and/or team-
based and/or systems-based approach to patient safety. 
Simulation activities can be focused on a single individual 
(knowledge, skills, and attitudes), individuals interacting 
with other individuals (teamwork, communication), and 

individuals interacting with systems (in situ simulation). 
Collaborations between simulation practitioners and safety 
scientists from other disciplines such as systems/industrial 
engineering, human factors, health-outcomes research, and 
the behavioral sciences are critical to future innovations in 
our field. The application of theory and processes from these 
domains has great potential to maximize the impact of simu-
lation on improving the safety behaviors of healthcare pro-
viders/teams, technologies/devices, and the performance of 
the system itself.

Pediatric-specific reviews on the role of simulation in 
patient safety have been published and largely discuss mi-
crosystem applications of simulation including routine train-
ing for emergencies, training for teamwork, testing new 
procedures for safety, evaluating competence, testing device 
usability, investigating human performance, and providing 
skills training outside of the production environment [1, 2]. 
A number of recent publications point to the value of simu-
lation in improving the safety of pediatric patients through 
translational outcomes [3–7]. Many pediatric institutions are 
at the cutting edge of innovation in the development of a 
systems-based approach to patient safety with simulation-
based activities integrated into their quality, risk, and safety 
initiatives (see Table 5.1 for examples).

This chapter will begin with patient safety terminology; 
discuss the role of simulation to enhance patient safety at the 
provider, team, and systems level; outline the importance of 
systems and simulation integration in a robust patient safety 
program; and conclude with future directions for simulation 
and patient safety.

Definitions

The elements of patient safety and how it is practiced are 
the subject of multiple perspectives and domains, and it is 
important that common language be applied to the various 
characteristics and activities of patient safety. It is only by 
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assuring that there are similar concepts relative to the lan-
guage and terms used in describing patient safety that pro-
grams can move forward with some confidence in work that 
utilizes simulation as a means to develop and enhance pa-
tient safety. Therefore, the first requirements are to define 
and develop common understanding of basic terms and con-
cepts in patient safety.

Patient safety refers to “freedom from accidental or pre-
ventable injuries produced by medical care” [8]. Thus, prac-
tices or interventions that improve patient safety are those 
that reduce the occurrence of preventable adverse events. 
Patient safety is often described as a characteristic or some-
thing that an organization possesses or achieves. Moreover, 
the usual definitions of patient safety describe it in terms of 
what patient safety is not (i.e., the events that constitute an 
absence of patient safety) [9]. More realistically, patient safe-
ty is dynamic; it is something that an organization and most 
importantly the people in the organization think about and 
practice [10]. When an organization believes it has achieved 
safety, the organization may have lost it.

A number of frameworks exist to describe patient safety 
domains. Donabedian provided one of the earliest frame-
works to describe quality of care that included three domains: 
(1) structure of care, (2) process of care, and (3) outcomes 
of care [11]. In this model, structure includes those things 
external to the patient: the environment, organizational and 
human resources, and the regulations and policies affecting 
patient care. The process includes what actually occurred in 
the care of the patient and includes the patients’ and pro-
viders’ activities. One might think of it as the actual work 

performed in caring for the patient. Finally, the outcome de-
scribes the effect of the care on the individual patient as well 
as the population as a whole [11].

More recent safety frameworks provide more detail, spe-
cifically describing the patient, healthcare providers, and 
system factors that affect patient safety. For example, the 
Systems Engineering Initiative for Patient Safety (SEIPS) 
model describes patient safety in terms of the interactions, 
relationships, and influences of various system components, 
including the individuals that are part of the system [12] (see 
Fig. 5.1). This more sophisticated and multifactorial model 
allows for a more nuanced view of the various elements that 
affect patient care.

The terms quality and safety in healthcare are sometimes 
confused or used interchangeably. In order to clarify this 
confusion, the Institute of Medicine describes six elements 
of high-quality patient care. High-quality care is safe, effec-
tive, efficient, patient-centered, timely, and equitable [13]. In 
this model, safety is described as only one element of quality 
healthcare. An alternative way to think about the relationship 
between safety and quality is to envision safety as the floor 
or threshold of care and quality as the ceiling or goal [14]. 
Healthcare may be safe but not meet the other six targets 
for quality of care established by the Institute of Medicine. 
However, safe care is a requisite element of high-quality 
healthcare.

High-reliability organizations (HROs) manage to con-
duct operations in high-risk environments in a remarkably 
safe fashion. HROs are defined as organizations that oper-
ate in high-risk environments or are engaged in high-risk 

 

Fig. 5.1  Systems Engineer-
ing Initiative for Patient Safety 
model of work system and 
patient safety. (Reproduced with 
permission from [12] (BMJ 
Publishing Group))

 



58 M. Auerbach et al.

 activities but suffer fewer than expected adverse events. 
Some examples of industries with HROs include commer-
cial aviation, military (aircraft carriers), and nuclear power. 
HROs have five specific characteristics that have been de-
scribed: (1) reluctance to simplify, (2) sensitivity to opera-
tions, (3) deference to expertise, (4) preoccupation with fail-
ure, and (5) commitment to resilience [15]. In recent years, 
a number of healthcare organizations have attempted to de-
velop an HRO culture and practice HRO behaviors. Of inter-
est, many of the types of organizations that are exemplars of 
an HRO utilize simulation and/or regular training as a tool 
to develop and maintain an HRO culture and HRO behaviors 
[16]. For example, licensed civilian nuclear power plants 
in the USA require their operators to participate in ongoing 
simulation-based training approximately 25 % of the time 
that they are working. The Nuclear Regulatory Commission 
sets standards for the fidelity of the nuclear simulators, the 
types of training, and scenarios that should occur as well as 
standards for simulation instructors [17].

Simulation-Based Patient Safety Activities at 
the Provider Level

At the core of patient safety are healthcare providers 
equipped with the knowledge and skills necessary to safely 
diagnose and treat patients and their varied, often complex, 
medical concerns. This applies to both trainees and frontline 
providers in all healthcare fields—medicine, nursing, phar-
macy, respiratory therapy, etc. Herein lies one of the fun-
damental tensions in healthcare provider education—pro-
viding trainees the opportunities to learn while at the same 
time providing safe care to patients. Since its introduction 
into healthcare, simulation has been used successfully to im-
prove providers’ knowledge, skills, behaviors, and attitudes. 
A large systematic review reported that simulation-based 
training was associated with large effects for outcomes of 
confidence, knowledge, skills, attitudes, and behaviors [18]. 
A review conducted specifically in pediatrics noted large ef-
fects on knowledge, skills, and behaviors in 57 studies [19]. 
Further discussion of this evidence can be found in this book, 
Chaps. 7 (“Assessment”), 13 (“Simulation along the health-
care education continuum”), and 15 (“Interprofessional Edu-
cation”). Through simulation, the apprenticeship paradigm 
of “do one, see one, teach one” is giving way to a thoughtful 
competency-based approach with graded levels of supervi-
sion and independence or entrustment assigned to the trainee 
based (in part) on performance in a simulated setting. These 
efforts will continue to ensure that providers at all levels and 
in all disciplines work in an environment in which they can 
develop and maintain their skills while keeping patients safe.

With the increasing focus on competency and the rapid 
pace at which new equipment, technologies, procedures, 
and processes are incorporated into healthcare, simulation 
can provide a means by which providers can continually 
train, practice, and be assessed in an ongoing manner. In 
some institutions, healthcare providers are being required 
to demonstrate competency with new equipment, tech-
nology, and processes in order to receive and/or maintain 
clinical privileges. At a national level, anesthesia leads the 
medical field and has included simulation as part of the 
maintenance of professional certification of physicians 
through the American Board of Anesthesiology since 2010. 
All physicians seeking recertification are required to par-
ticipate in 6 h of simulations and structured debriefs and to 
identify areas of improvement in their own practices [20, 
21]. Since 2009, residents completing surgical residencies 
in the USA have been required to successfully complete a 
Fundamentals of Laparoscopic Surgery course. While other 
specialty boards (e.g., family medicine) utilize computer-
based simulations, no other medical boards require full-
body or haptic-type simulations for initial certification or 
recertification [21]. Currently, simulation is not part of the 
pediatric board examination process; however, many insti-
tutions have started to implement simulation as a require-
ment at the local level (examples in Table 5.1). The appli-
cation of simulation for summative assessment has been 
limited by the availability of robust assessment tools that 
are sufficiently valid to inform these high-stakes decisions 
(see also Chap. 7 “ Assessment”).

Recent studies have taken the important step of translat-
ing improvements in knowledge and skill into improved pa-
tient outcomes. A systematic review noted 50 studies report-
ing patient outcomes and that simulation was associated with 
small to moderate benefits on patient outcomes [22]. In fields 
outside of pediatrics, significant effects have been noted for 
central-line placement [23], obstetrical-neonatal outcomes 
[4], and laproscopic surgery [24]. Unfortunately, of the 50 
studies included in this review, only 4 were in pediatrics 
[22]. One such pediatric study showed improved cardiopul-
monary arrest survival rates for pediatric patients following 
the implementation of simulation-based mock code resident 
resuscitation training [3]. Additional pediatric studies have 
demonstrated a positive effect of simulation on acquisition 
of procedural skills (see also Chap. 11).

Simulation also has a role in advancing providers’ adher-
ence to established patient safety tools, such as the use of 
care bundles. For example, evidence-based practice to de-
crease central-line infections have been well studied with 
the result being an effective bundle of practices that, when 
performed together, have a significant impact on the rate of 
central-line-associated bloodstream infections. What was 
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unclear was the best way to ensure that staff were trained 
and followed the recommended procedures. A simulation-
based intervention reduced central-line infections by 74 % 
compared with a unit in which residents were not required 
to undergo training [25]. Additionally, this intervention was 
noted to be highly cost-effective with a net annual savings of 
US$700,000 per US$100,000 allocated [26]. Unfortunately, 
cost-benefit analyses are infrequent and incomplete in most 
simulation studies [27].

Simulation-Based Patient Safety Activities at 
the Team Level

The role of teamwork and communication in improving pa-
tient safety is well established, with studies demonstrating 
deficiencies in these domains contributing to an estimated 
70 % of medical errors [28]. Interprofessional simulation 
provides a training ground for teams to practice and improve 
their teamwork and communication skills. Numerous studies 
have incorporated simulation-based teamwork training mod-
ules and identified improvement in teamwork behaviors. 
[29–34]. An example of a well-developed and widely dis-
seminated team-training program is the Agency for Health-
care Research and Quality (AHRQ) TeamSTEPPS program 
[35]. Compared to a didactic-only TeamSTEPPS program, 
a simulation-based TeamSTEPPS program was associated 
with 37 % decrease in adverse outcomes. [29]. Likewise, 
a systematic review noted that in nine studies, simulation-
based crisis resource management training translated to im-
proved patient outcomes and decreased mortality [36].

Simulation affords the opportunity to embed key behav-
iors in high-risk clinical endeavors. For example, the concept 
of a shared mental model was introduced and practiced in 
simulation-based training in a pediatric emergency depart-
ment. This term is common to safety science and refers to 
the team members being “on the same page” [37]. In prac-
tice, sharing a mental model involves four elements: “this 
is what I think is going on,” “this is what we have done,” 
“this is what we need to do,” and “does anyone have any 
other ideas” or “what am I missing.” We encourage team 
leaders to share a mental model in the first 3–5 min of any 
crisis situation and to update it frequently. Alternatively, any 
team member can ask for the mental model or that the mental 
model be updated when the situation is not progressing as 
expected or the situation is confusing. The introduction of 
this concept was viewed as so helpful by emergency nurses 
in one study that they incorporated it as a required item in a 
resuscitation flow sheet. If the team leader had not shared a 
mental model in the first 3–5 min of caring for a patient, the 
nursing team leader would request it [6].

Handoffs between providers are another example of 
key safety behaviors ripe for simulation-based process im-
provement and research [38]. One institution incorporated 
simulation-based handoff training into teamwork and com-
munication training following a serious event investiga-
tion that identified lack of handoff standardization as a root 
cause of the serious event. Observations after the training 
demonstrated an increase in the communication of crucial 
information between nurses during handoffs [39]. Another 
group used simulated patient cases to study patient handoffs 
as a first step in creating an effective, standardized handoff 
process [40].

Simulation-Based Patient Safety Activities at 
the System Level

The preceding paragraphs focus on the potential to improve 
providers’ and team performance in order to reduce patient 
harm. Newer approaches to patient safety involve a systems-
based approach with the view that errors or safety threats 
reflect the risks and hazards that providers and patients face 
in the context of a poorly designed system [41, 42]. Instead 
of focusing on individual failings, this approach identi-
fies the components of the system that contribute to harm 
and involves the implementation of systemic changes that 
minimize the likelihood of these events. A robust simula-
tion-based patient safety program involves identification of 
system threats using both retrospective reviews of adverse 
events and near misses as well as prospective efforts to iden-
tify and mitigate risk before an actual patient incident occurs 
(examples are provided in Table 5.1).

Retrospective Approach to Safety at the 
System Level

Simulation can be used to retrospectively examine why an 
error occurred (e.g., simulation-informed root cause analysis 
(RCA)). Simulation of adverse outcomes (SAO) has been 
used in the surgical arena as a method of conducting inves-
tigations of the causality of adverse surgical outcomes [43, 
44]. This process involved conducting each simulation up to 
seven times (with debriefings) to identify sources of errors 
in order to augment traditional RCA processes. The addition 
of simulation and re-creation of adverse events identified an 
increased number of systems issues compared to a traditional 
RCA. The debriefings allowed for a greater understanding 
of why and how decisions leading to the adverse event were 
made. By re-creating the adverse event, it became possible 
to understand what the individual team members were seeing 
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and hearing that made the actions seem logical at the time of 
the event. These types of simulations can also identify pe-
riods of heavy workload, possible task fixation, and loss of 
situation awareness.

Prospective Approach to Safety at the System 
Level

Prospective risk reduction applies methods developed in 
the engineering community (e.g., human factors or ergo-
nomics, systems engineering, probabilistic risk assessment, 
cognitive task analysis) and used in other HROs combined 
with simulation techniques to optimize the safety of the 
system. A good example was the use of simulation during 
implementation of a new electronic medical record. When 
Yale-New Haven Children’s Hospital implemented a new 
electronic medical record, simulation was used for provid-
er training. The program collaborated with human factors 
engineers and informatics experts to provide feedback on 
the usability of the system in the clinical environment from 
providers during in situ simulations prior to formal imple-
mentation in the clinical environment. One specific exam-
ple from this work was a group of simulations that provided 
information on the implications of nurses working with a 
new electronic medical record while concurrently caring 
for a severely injured trauma patient in the actual clinical 
environment. This work identified that it was difficult for 
the documenting nurse to see the vital signs on the monitor 
while working on the electronic record. The documenting 
nurse also reported multiple challenges with the usability 
of the graphic user interface. This work resulted in a re-
quirement for an additional nurse in trauma resuscitations 
due to the increased workload during the first months of 
implementation (Marc Auerbach, written communication, 
October 2014).

Another familiar use of simulation to prospectively im-
prove safety is through the use of in situ simulation to iden-
tify potential latent safety threats (LSTs). LSTs have been 
defined as systems-based threats to patient safety that can 
materialize at any time and are previously unrecognized by 
healthcare providers [45]. In situ simulation in a pediatric 
emergency department (ED) proved a practical method for 
the detection of LSTs as well as reinforcing team training 
[46–49]. In its most effective form, in situ simulation can 
become a routine expectation of staff that positively influ-
ences operations and the safety climate in high risk-clinical 
settings [6]. In situ simulation can also be used to monitor 
the impact of other risk reduction strategies (new processes 
and procedures) through on-demand measurement and is 
discussed in more detail in Chap. 12 (examples are pro-
vided in Table 12.1). The authors encourage simulation 
practitioners to collaborate with content experts as they 

embark on these types of systems-level simulation-based 
initiatives.

Simulation for Improving the Safety of New 
Processes

Incorporating simulation into process development offers 
an opportunity to road test the process and revise it before 
clinical implementation. In one institution, a new process for 
response to critical airways was developed and tested using 
simulation [50]. Six simulations were conducted at baseline, 
and six simulations were conducted to test the new critical 
airway response. While two of the six simulated patients 
“died” in the original airway response system, no simulated 
patients “died” in the new airway response system. In addi-
tion, there was a significant decrease in the otolaryngolo-
gist’s response time to the emergency department. In another 
experience, five iterative simulations were used in the de-
velopment of a massive bleeding emergency protocol. The 
final protocol was more pragmatic and reliable for staff and 
resulted in marked reductions in laboratory turnaround times 
for crucial bleeding labs (Kimberly Stone, written communi-
cation, October 2014).

Simulation to Improve the Safety of New 
Environments

Simulation has been used to test the staffing model and safe-
ty of a new pediatric ED [5], a new general ED [6], and a 
children’s hospital’s obstetrical unit [51]. In the case of the 
new pediatric ED, in situ simulation prior to clinical occu-
pancy resulted in changes to team members’ roles and re-
sponsibilities as well as identifying latent threats in the new 
clinical space. Several hospitals have successfully utilized in 
situ simulation prior to opening new hospital units to iden-
tify and mitigate LSTs identified before caring for patients as 
documented in Table 5.1 [51].

Systems Integration: Simulation–Patient 
Safety–Quality

Simulation programs can maximize their impact on safety 
through systems integration. Systems integration is defined 
by the Society for Simulation in Healthcare (SSH) as “con-
sistent, planned, collaborative, integrated and iterative ap-
plication of simulation-based assessment and teaching ac-
tivities with systems engineering and risk management prin-
ciples to achieve excellent bedside clinical care, enhanced 
patient safety, and improved metrics across the healthcare 
system” [52]. An institution’s simulation activities should be 
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integrated into ongoing safety programs. Examples of op-
portunities for integration are listed in Table 5.2. This inte-
gration should result in regular bi-directional flow of infor-
mation between these groups. For example, the goals and 
objectives of simulation-based exercises are created based 
on perceived risk, adverse events, and near misses identified 
from realpatient databases. Subsequently, the simulations 
and debriefings inform the analysis of how to reduce risk. 
Optimally, simulations and debriefings identify and bring at-
tention to risks that may not have been otherwise recognized 
and help organizations to anticipate and mitigate harm to pa-
tients. In Fig. 5.2, we provide an example of how simulation 
can be integrated into ongoing patient safety activities after a 
serious event (see also Chap. 6 “Systems Integration”).

In an integrated system, simulation-based activities are a 
part of everyday activities of an institution that is expected by 
staff as part of their daily work. Additionally, in some estab-
lished programs, errors or threats identified in simulation are 
reported in the hospital event reporting system in the same 
manner that a real patient event is reported (e.g., Yale-New 
Haven Children’s Hospital, Seattle Children’s Hospital). This 
provides a clear reporting structure, allows for prioritization 
and tracking of actionable findings, and applies the accepted 
quality and safety nomenclature to simulation-based events 
(near miss, serious safety event, etc.). Formal reporting of 
simulation-identified threats also removes the responsibility 
of the mitigation of identified risks from the simulation team 
as, typically, the simulation team or program will not have 
the ability to influence the multiple factors often involved 
in systems issues. The risk is when providers participate in 
simulations, but do not believe that feedback from those ses-
sions will be heard or lead to change, they come to believe 
that the organization is building safety only on the backs of 
the increased vigilance of providers rather than by address-
ing system issues[45]. An effective simulation culture exists 
when there is buy-in from the highest level of leadership 

(top-down) and from the frontline providers (bottom-up) 
across multiple disciplines.

Barriers/Challenges to Simulation in Patient 
Safety

In order to fully realize the potential of simulation to im-
prove the practice of patient safety, it will be critical to de-
velop tools that are able to link simulation practices to im-
provement in patient outcomes. It will also be necessary to 
leverage the expertise of those working in various fields of 
safety sciences in domains external to healthcare. Terry Fair-
banks, human factors expert and emergency physician, has 
stated that when airlines wanted to become safer, they did 
not ask pilots and flight attendants how to become safer, they 
involved engineers, cognitive psychologists, and human fac-
tors experts (Terry Fairbanks, written communication, June 
2013).

The cost of implementing simulation in terms of provider 
time, instructor time, and equipment/resources can be bal-
anced through savings related to improved quality of care, 
avoidance of adverse events, reduction in malpractice and 
liability insurance, and decreased litigation costs. Additional 
study is needed to understand the cost avoidance associated 
with simulation-based safety activities.

Future Directions

Though simulation has historically been utilized to assess 
individual and team competencies, in recent years simula-
tion is increasingly being used to assess system competen-
cies and to evaluate new facilities, new teams, and new pro-
cesses [5, 6, 50, 51]. Historically, healthcare providers have 
not embraced expertise that originated outside of healthcare; 

Table 5.2  Opportunities to integrate simulation within existing patient safety initiatives

Patient safety initiative Simulation value added

Quality improvement—event reporting Simulation-based in situ events reported in system
Quality improvement—PDSA Simulation integrated into PDSA
Risk management (incident or safety reports including 
those that do not meet the criteria for a serious safety 
event)

Simulation to re-create patient safety events for RCA or to re-create potential 
adverse events or near misses that do not meet the criteria of a serious safety 
event

Guidelines/committees Testing new processes/policies/procedures
Human resources Simulation in interview process
Biomedical engineering Testing/training for new products
Systems engineering Studying/improving flow of patients
Architecture/facilities Testing new spaces/redesigning existing spaces
Performance improvement Lean, Six Sigma integrated with simulations

PDSA plan, do, study, act, RCA root cause analysis, FMEA failure mode effects analysis
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however, increasingly, there is a recognition of relevant ex-
pertise in fields outside of healthcare and a willingness to 
incorporate this expertise in healthcare simulation and safety 
work. This includes recognition of the value of human fac-
tors, cognitive task analysis, and engineering (cognitive, in-
dustrial, and systems) in addressing some of the major issues 
facing healthcare today.

In recent years, resident work hours in the USA have been 
reduced. Though the hours and length of shifts for residents 
have substantially decreased from the typical number of 

hours worked by residents a decade ago, there has not been a 
corresponding increase in the length of postgraduate medical 
training [53, 54]. It is well described that expertise in any 
domain is related to the hours spent in deliberate practice and 
coaching [55]. A significant issue for those in medical educa-
tion is how to assure competence with a decreased number 
of hours devoted to training and an ever-increasing know-
ledge base. The question of whether simulation can accele-
rate the development of expertise is beginning to be explored 
but is yet unanswered [56]. It is clear that  simulation-based 

Ongoing in situ simulations
Monitor the system
Test effect of interventions
Identify drift and new
threats

Team training for all
providers

Sepsis guideline
and optimal timeline

established

Shared mental model
Speaking up

RN`s complete task
training for

push-pull fluid boluses

Physician completes IO
training and
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competency
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EMR
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bolus
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Risk management settles
lawsuit for delay in treatment

Fig. 5.2  Example of simulation 
integration into patient safety. 
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 deliberate practice in laparoscopic surgery or central line 
placement results in improved performance in an actual 
clinical environment [22–26]. However, it is less clear that 
non-procedural expertise, for example, recognition of the 
patient with sepsis, is sensitive to simulation-based training. 
To understand the effect of simulation on the development 
of this type of medical expertise will require collaboration 
with experts in the development of expertise, naturalistic 
decision-making, and cognitive bias and de-biasing.

Another area of safety that is suitable for simulation is the 
exploration of the adaptive capacity of systems and teams 
relative to unexpected disturbances. This is related to the 
safety science of resilience engineering. While resilience 
engineering is employed in other industries, it has only re-
cently surfaced in healthcare. Often, resilience engineering 
is concerned with retrospective evaluation of systems that 
have failed or succeeded spectacularly such as the space 
shuttle Columbia and Challenger disasters [57]. Though still 
theoretical, simulation offers a prospective way to evaluate 
systems’ adaptive responses, tolerance for disturbance, and 
ability to recover from disruptions to the system. In health-
care, this could mean evaluation of existing and proposed 
systems relative to normal function and the ability to adapt to 
and recover from unexpected events in healthcare. Simula-
tion also offers a method to evaluate the effect of proposed 
changes in the system relative to adaptive capacity and the 
brittleness of a system in the face of changing resources, for 
example, staffing, team configuration, and institution of an 
electronic health record.

In the future, as a simulation community, we will need to 
demonstrate that integrated simulation-based patient safety 
programs lead to measurable improvements in the healthcare 
that is delivered, a financial return on investment, and im-
proved health outcomes.

Conclusions

Simulation is a natural partner for ongoing patient safety 
activities at the individual, team, and systems levels of or-
ganizations. A growing number of simulation-based training 
programs are linking their program improvements in knowl-
edge, skills, and teamwork to patient outcomes. Increasingly, 
simulation is being used at the systems level to identify and 
mitigate patient safety risks. Simulation can facilitate the 
discovery of error-producing conditions before those con-
ditions affect patients and a deeper understanding of these 
conditions when they have affected patients. Safety science 
and simulation experts will need to integrate and coordinate 
their activities within existing and new programs in order to 
achieve maximum patient safety.
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Simulation Pearls

1. Health care is a complex, interconnected system with in-
terrelationships. A systems approach seeks to understand 
both the components and the whole, and their interac-
tions.

2. Simulation can focus on identifying systems properties 
that are problematic, contributing to defects or problems, 
or properties such as resilience, which contribute to safe, 
effective, and efficient healthcare delivery.

3. Lean, Six Sigma, Safety I and Safety II principles provide 
different frameworks and perspectives for understanding 
and improving healthcare delivery systems.

4. The integration of simulation into efforts to improve or-
ganizational safety and communication infrastructure can 
optimize change.

A Systems-Based Approach to Health Care

Consider what might happen if you are a member of a 
code team called to an emergent resuscitation: a child with 
anaphylaxis. Each team member, including you, has great 
knowledge and technical skills. The team has practiced to-
gether and quickly establishes the leader and support roles, 
the correct diagnosis, a shared mental model, and closed-
loop communication. You resuscitate the child, start the ap-
propriate treatments, and the child improves. You are not just 
a team of experts, but an expert team!

Now consider an alternate scenario with the same team: 
Someone is sent to get the code cart, but does not return for 
a prolonged period of time. After three failed attempts to es-
tablish intravenous access, the drill is retrieved to place an 
intraosseous line, but the drill does not work. Once the code 
cart arrives, the team struggles to calculate how to dilute the 
contents of the 1:1000 vial of epinephrine to achieve the de-
sired weight-based dose. The team is still a team of experts, 
but without effective systems to support them, they are not 
functioning as an expert team.

Each of these problems likely has many contributory fac-
tors. Attempts to correct or resolve these problems may well 
identify other problems. A systems approach recognizes that 
systems—such as our complex care processes—are consist-
ed of many components, with interrelationships between the 
components and the whole. Definitions of systems vary, with 
an underlying common thread: A system is a collection of 
parts forming a greater whole. The International Council of 
Systems Engineering (INCOSE) offers the following defini-
tion of a system:

A construct or collection of different elements that together, pro-
duce results not obtainable by the elements alone. The elements, 
or parts, can include people, hardware, software, facilities, poli-
cies, and documents; all things required to produce systems-
level results. Results include system level qualities, properties, 
characteristics, functions, behavior and performance. The value 
added by the system as a whole, beyond that contributed inde-
pendently by the parts, is created by the relationship among the 
parts; how they are interconnected [1].
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A systems approach recognizes that there must be integra-
tion between the components and the whole. In health care, 
this integration is dynamic, complex, and not always predict-
able. One way to conceptualize the complex relationships 
between the user, tool, task, environment, and processes is 
illustrated in Fig. 6.1.

In our case example above, the task could be resuscitat-
ing the patient, with subtasks of assembling the appropri-
ate team, making an accurate diagnosis, retrieving neces-
sary equipment, administering the correct medications, and 
so on. Our users are the physicians, nurses, and respiratory 
therapists who provide direct care, as well as social workers, 
security personnel, pharmacists, radiology technicians, unit 
clerks, environmental service personnel, and others who pro-
vide support services. The patient is also the user, as the sys-
tem is intended to function for his/her benefit, but in this par-
ticular case his/her participation is mostly passive; actions 
are done to or for him/her. Our tools are broadly defined, 
including supplies and medications, and equipment, such as 
the intraosseous drill. Tools could also include knowledge 
and past experiences.

The environment in which our resuscitation occurs is, in 
its simplest form, the physical space that we are working 
within. In our example, the code cart is located too far away, 
interfering with timely retrieval of equipment. Changing the 
physical environment, such as moving the code cart closer, 
could improve the team’s ability to provide timely care. Our 
working environments are more than the physical spaces we 
inhabit; our activities are impacted by the availability of all 
resources: equipment, supplies, information, and people. 
There are also less tangible components, including interper-
sonal interactions and organizational culture.

Processes surround and underpin the environment and its 
contents. Processes may be codified and formal (e.g., poli-
cies, procedures, clinical care pathways, and checklists) or 
informal (e.g., learning what works by trial and error). For 
example, scarcity of supplies may stimulate hoarding. Pre-
vious experiences with success—or with pushback—may 
stimulate looking for alternative paths to obtain resources 
such as equipment or even knowledge. We learn who or 
where to ask for equipment, supplies, and information, and 
sometimes seek these resources outside of formalized path-
ways.

Patient care activities can be divided conceptually (see 
Fig. 6.1), but the interactions between those components 
are important and unavoidable. A system is a set of inter-
related components functioning together toward some com-
mon objective(s) or purpose(s). Systems are composed of 
components, attributes, and relationships [2]. A systems 
approach involves understanding the whole, the parts, and 
their interrelationships. Health care can be characterized 
as a diverse collection of multiple imperfect systems with 
complicated, dynamic interactions. Components include 
people, tools, resources, and the environment. The products 
of these systems include direct and indirect patient care, 
documents, behavior and performance of healthcare profes-
sionals, errors, and adverse events. These systems exist at 
all levels: from individual clinics all the way up to com-
plex organizations coordinating care across the spectrum of 
health and illness.

Applying a systems approach to health care creates a 
framework for understanding and changing behaviors and 
clinical outcomes. This approach is especially important in 
the area of patient safety as noted in the 1999 Institute of 
Medicine report To Err is Human:

Preventing errors and improving safety for patients require a 
systems approach in order to modify the conditions that con-
tribute to errors. People working in health care are among the 
most educated and dedicated work force in any industry. The 
problem is not bad people; the problem is that the system needs 
to be made safer [3].

In our example, we do not really know why the intraosseous 
drill failed. One possibility is that the user was deficient. A 
systems approach challenges us to look deeper. Training may 
contribute to earlier recognition of problems with the tool, 
prompting a request for another drill. But no amount of indi-
vidual or team training, practice or experience, will directly 
contribute to making the drill work. Potential contributors 
to tool failure include tool factors (e.g., limited durability 
and battery failure), environmental or organizational factors 
(e.g., limitations in funding priorities, oversight, protocols, 
staffing, or training), and process factors (e.g., insufficient 
testing or maintenance and lack of availability of replace-
ment units) [4].

Processes

Environment

Task

Tool

User

Fig. 6.1  Systems integration: a schematic representation depicting the 
independence, overlap, and dependence of different systems elements 
(task, tool, user, environment, and processes) related to the overall 
 system
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Similarly, we do not really know why it was difficult to 
calculate the correct dose of epinephrine. Potential contribu-
tory causes could be ergonomic (e.g., the contents of the vial 
are listed in a microscopic font) or cognitive (e.g., it is diffi-
cult, particularly under stress, to calculate correctly and ten-
fold calculation errors are common; epinephrine is a scary 
drug to make a mistake with).

Human factors expertise can help. Human factors  is 
sometimes misunderstood as “the weaknesses of humans” 
contributing to system failures. Since all healthcare systems 
have been created by humans:

The search for a human in the path of a failure is bound to 
succeed. If not directly at the sharp end—as a ‘human error’ 
or unsafe act—one can usually be found a few steps back. The 
assumption that humans have failed therefore always vindicates 
itself [5].

Human factors addresses characteristics of human beings 
that are applicable to the design of systems and devices [6]. 
Human factors design takes into account the capabilities of 
people (physical, cognitive, or other) to create a work sys-
tem that takes advantage of our capabilities and, conversely, 
builds in support where our capabilities are limited. The sci-
ence of human factors uses knowledge of human functions 
and capabilities to maximize compatibility in the design of 
interactive systems of people, machines, and environments: 
ensuring their effectiveness, safety and ease of performance 
[6]. Human factors expertise encompasses science and ex-
ploration related to perception and performance, augmented 
cognition, decision-making, communication, product de-
sign, virtual environments, aging, macroergonomics, and 
other areas [7].

Role of Simulation in Systems Integration

If we look at Fig. 6.1 again, from the perspective of a simu-
lation educator or researcher, rather than a healthcare pro-
vider, we can make similar analogies. Our tools include the 
mannequins, task trainers, virtual simulators, standardized 
patients, even our knowledge of simulation and healthcare 
content. Our users are the learners or assessees, who par-
ticipate in the simulation. Our task is to help individuals, 
teams, or organizations learn, or demonstrate competence 
or skills proficiency. Our environment could be a simulation 
center, in situ simulation location, or spaces such as confer-
ence rooms, or outdoor environments in which simulations 
can occur. Processes may include equipment management, 
protocol development, informational interface with potential 
simulation users, etc. Each of these components is an inter-
related component of our simulation program.

The anaphylaxis case example at the start of the chapter 
can be replicated as a simulation scenario. The responses of 

simulation participants and problems encountered may not 
be exactly the same, but, if we conduct our simulation with 
real teams, in real settings, using real equipment, we will 
have the opportunity to better understand and improve the 
real systems. Debriefing can focus on understanding the con-
text in which we provide patient care. Focused questions can 
intentionally and explicitly seek to better understand system 
capacities and constraints.

Specific variations can be made, altering the age of the 
patient or the clinical location, to identify systems issues that 
prevent optimal resuscitation of different types of patients 
in different settings. Simulated intentional probes create an 
opportunity to identify real-world challenges before there is 
a near miss or patient harm event. Pediatric simulations in 
North Carolina EDs were performed to assess the quality of 
pediatric trauma resuscitations. Although the goal of the sim-
ulations was to identify educational interventions, systems 
issues were identified that would need to be addressed before 
any educational intervention would be successful, such as 
the lack of child-sized cervical collars in many of the EDs 
and the inability to identify IO needles due to mislabeling 
[8].

In situ simulation, using care team members, existing 
equipment, resources, and patient care sites, offers the op-
portunity to evaluate the system of care and identify latent 
safety threats (LSTs) that could predispose to medical error. 
LSTs have been defined as systems-based threats to patient 
safety that can materialize at any time and are previously 
unrecognized by healthcare providers [9]. Categorizations 
of LSTs have included medication, equipment, resource, and 
knowledge gaps. A greater number of LSTs were identified 
per scenario during simulations conducted in situ versus in 
a simulation lab (1.8 vs. 0.8, respectively) [10]. Identifica-
tion of LSTs in simulation allows for system-level fixes be-
fore patient harm as demonstrated in the pediatric emergen-
cy department [11], obstetrical unit [12], and with ECMO 
(Extracorporeal Membrane Oxygenation) simulations [13]. 
Simulation incorporates an opportunity to debrief to under-
stand the rationales for observed behaviors and the context 
in which care is provided, a luxury not often available in 
real patient care. Whether the goal of the simulation is iden-
tification of LSTs or not, a structured debrief often elicits 
underlying systems constraints that contribute to observed 
behaviors. Thus, identification of LSTs may be intentional 
or serendipitous. And asking participants to identify and con-
sider LSTs is one way to take the focus off the individual 
(user) performance. Some programs have embedded simula-
tion LSTs into their formal organizational safety reporting 
systems.

The same anaphylaxis simulation case can be replicated 
with a variety of ages of infant, pediatric and adolescent 
mannequins in different hospital locations, yielding new 
and distinct systems issues in dealing with pediatric patients 
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across the age spectrum, or identifying challenges that span 
larger systems. Skilled simulation educators or researchers 
may pause the action, restart, repeat, and rework scenarios to 
stress the system and understand capabilities and constraints. 
Team members can observe parts of the care continuum they 
may not generally have the opportunity to witness, adding 
to the larger team’s understanding of vital processes and ul-
timately, breaking down silos in which healthcare providers 
often work.

Because simulation provides opportunities to bring stake-
holders together, repeat scenarios as needed and observe 
potentially infrequent events, simulation is a natural partner 
in the Plan-Do-Study-Act (PDSA) cycle of improvement. 
Simulation can be incorporated in the planning phase, in the 
application of learnings, and then processes can be tested 
and retested iteratively using simulation. Figure 6.2 provides 
an example of how simulation can be used throughout the 
PDSA cycle to address identified systems issues.

Iterative series of in
situ simulations to
evaluate and re�ne
process

New massive
bleeding emergency
process developed
with stakeholders

Develop new process
to obtain blood
products in massive
bleeding emergency

Recruit stakeholders

Simulation teasted
and re�ned process
implemented

Act Plan

Study Do

Root Cause Analysis identi�es lack of
standard process for obtaining blood

products in an emergency

Patient with massive bleeding emergency
dies

Fig. 6.2  Example of simulation 
integration with the PDSA cycle. 
Also incorporates a combined 
Safety I and Safety II application

 



716 Systems Integration, Human Factors, and Simulation

Frameworks

Lean

There are several approaches to taking a closer look at sys-
tems-related issues. Lean methodology offers a collection of 
tools and principles that may assist in identifying and solv-
ing problems related to process and environment. Lean is a 
management strategy with the goal of minimizing waste and 
maximizing efficiency, with the assumption that this will also 
improve safety and quality. The origin of Lean can be traced 
to the Toyota Production System developed in the 1950s–
1970s by Taiichi Ohno and Shigeo Shingo. James Womack’s 
1990 book The Machine That Changed the World is largely 
credited with the popularizing Lean terminology and produc-
tion principles [14]. In Lean, value is always defined from 
the customer’s (patient’s) perspective. Any step or activity 
that helps a patient achieve their ultimate goal is considered 
valuable. Waste is anything that consumes resources or time 
but does not help a patient achieve their desired goal or out-
come. A key goal of Lean is to eliminate nonessential waste 
and maximize value. The eight types of waste and examples 
are provided in Table 6.1. While debriefing a simulation, 
asking participants to identify and consider sources of waste 
is one way to take the focus off the individual (user) and 
begin to consider the task, tool, environment, and processes 
that define the system of care.

One of the basic workplace organization tools in Lean is 
termed 5S or 6S. The name derives from a list of five Japa-
nese words used as a guide to organizing the work environ-
ment. The original 5S tool has been modified in health to 
include an important sixth S—safety. The 6S framework 
can be integrated with simulation activities to examine and 
change the clinical environment (see Table 6.2)

In our opening example, the 6S tool provides a system-
atic framework for examining issues. Sort challenges us to 

 determine whether the most relevant tools are easily acces-
sible and identifiable, such as whether the code cart is clut-
tered with non-emergent equipment. Set in order challenges 
us to ask whether the code cart should be in a different lo-
cation and whether there are clear visual cues to efficiently 
guide people to critical equipment. Sweep or Shine questions 
whether there are older pieces of equipment, materials or even 
protocols that need to be removed. Standardize challenges us 
to ask if there are routines around who, when and how the 
drill and equipment are inspected and whether all carts and 
rooms have similar organization. Sustain  challenges us to 
ask what is in place to ensure changes from the previous 4S 
are maintained, guaranteeing the drill is always findable and 
functional. Safety challenges us to ask what additional LSTs 
are present, but have yet to be uncovered and mitigated. In 
addition to the drill, is there another piece of equipment at 
risk for failure? Each element in the 6S tool can assist teams 
to examine issues, whether in real patient care or in simula-
tion, from a systems perspective.

Six Sigma

Six Sigma offers another framework, consisting of princi-
ples and tools, for examining systems and improving quality 
[15, 16]. Six Sigma and its primary tool, define, measure, 
analyze, improve, and control (DMAIC), are used to im-
prove the quality of processes by identifying and removing 
defects (errors) and minimizing variability. Six Sigma was 
developed in the 1980s by Motorola and became central to 
General Electric’s business strategy in the 1990s [16]. In Six 
Sigma, quality is always defined from the customer (patient) 
perspective. A key goal is to eliminate defects (errors) and 
develop processes that function error free 99.99966 % of the 
time.

DMAIC is the acronym for a five-phase, data-driven qual-
ity tool used to improve processes: define, measure, analyze, 
improve, and control. In our opening example, DMAIC pro-
vides a systematic approach for examining our anaphylaxis 
case examples. Define challenges us to specify the problem 
or the goal: an error-filled resuscitation, with the opportu-
nity to decrease the number or errors and delays. Measure 

Table 6.1  Eight types of waste [20]

Type of waste Example
Inventory Excess stocked equipment that is not used 

regularly
Waiting or delays Waiting to be treated in a clinic
Overproduction Drawing up extra doses of medications that 

are not used
Transportation Patients needing to go to geographically 

distant areas of a hospital for tests/procedures 
during a single clinic visit

Motion Excessive movement of team members in a 
clinical care area during a resuscitation

Errors/mistakes Having to repeat or redo a task because of 
an error

Over-processing Unnecessarily repeating tests/documentation
Underutilized human 
capacity

High-skilled individuals performing low-skill 
activities

Table 6.2  Lean Healthcare 6S tool [20]

6S
Sort Useful from necessary
Set in order (straighten) Everything in its place, with visual cues
Sweep/shine “Spring cleaning”
Standardize Make cleaning, inspection, safety part of 

the routine job
Sustain Establish an environment including audits/

cues to ensure 6S sticks
Safety Proactively look for potential safety 

issues, make the environment safe
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challenges us to evaluate the current resuscitation process, 
such as quantifying current times for code cart acquisition 
and medication preparation, or whether participants accom-
plish specific tasks. Analyze challenges us to identify root 
causes: inadequate signage for code cart location, reliance on 
memory and mental math for medication reconstitution and 
dosage determination. Improve challenges us to eliminate 
these causes: develop new signage, and provide prepackaged 
equipment and medication or job aids that eliminate relying 
on individual performance. Control challenges us to develop 
a sustainable system: create simulation training and audits to 
monitor the process.

Six Sigma is based on the assumption that a best pro-
cess is known, or knowable; this is true for many but not all 
healthcare delivery processes.

Safety I and Safety II

In contrast to Lean and DMAIC, which provide concrete 
frameworks for process improvement and presume that best 
processes are known, or knowable, Safety I and II offer dif-
ferent perspectives of patient safety. Safety I focuses on what 
goes wrong, to retroactively identify root causes, develop 
plans to avoid those risks and prevent the repetition of errors 
[17]. Within health care, for every error, there are still a large 
number of processes which go “right.” A Safety I perspec-
tive focuses on the error, even if it is a rare event. In our 
anaphylaxis case example, the malfunctioning drill could be 
a rare and unexpected event. Simulation could re-create the 
scenario, in the same location and with the same team mem-
bers. Root cause analysis could clarify whether participants 
knew how to use the drill correctly, whether there was some 
aspect of storage that damaged the drill, whether participants 
knew how to access spare batteries, whether spare batteries 
were in stock, or any additional components of the process 
that did not function in a desirable manner.

An alternate view of patient safety focuses on what goes 
right, Safety II: what happens during the error-free times, 
which comprise the vast majority of patient care interactions. 
Safety II assumes that systems are complex and incomplete-
ly understood. Human variability is essential to make nec-
essary adjustments, preventing errors in varying conditions. 
The Safety II framework shifts the analytic perspective from 
a reactive to a proactive approach [17]. Safety II also recog-
nizes that what may seem to be slack or even excess, may in 
fact be the margin which becomes a valuable resource when 
the system is stressed.

In our anaphylaxis case example, a simulation with a 
Safety II approach could examine multiple clinical settings 
with different teams (e.g., the emergency department, ope-
rating room, pediatric floor, and primary care clinic)  varying 

barriers (e.g., variable staffing, missing equipment, and pa-
tient language barrier) to understand how teams overcome 
these barriers. Discoveries could lead to the development of 
job aids with dilution instructions, doses that are “ready to 
go” and a process to delegate calculation tasks to additional 
team members. Insight into each team’s adjustments sheds 
light on systematic changes that could reinforce success. 
Simulation complements both Safety I and Safety II, provid-
ing the opportunity to examine how participants overcome 
inherent challenges.

Integration of Simulation Program and 
Hospital Infrastructure

We have illustrated how simulation can be used from a sys-
tems approach, to identify user, tool, task, environment, and 
process issues that either place our patients at risk or prevent 
harm. These discoveries can be serendipitous or intention-
ally sought out. Regardless of how the discoveries are made, 
and whether they are based on a Safety I or Safety II per-
spective, creating change that improves health care for our 
patients is the ultimate goal.

To maximize change, uncovered issues need to be direct-
ed to people and components in the system that can create 
and sustain change. In our anaphylaxis case example, facili-
ties may need to create new signs, which maintenance staff 
installs. Clinical and supply staff may need to collaborate 
to identify, price and test drills in order to make a purchas-
ing recommendation. Education leaders may need to develop 
a program to establish and periodically refresh correct drill 
techniques. Representatives from medicine, nursing, phar-
macy, and supply chain, may need to identify the most reli-
able process for epinephrine preparation and standardize it 
throughout the institution. Researchers, using quality im-
provement or traditional research techniques, could examine 
performance over time. How solutions to systems issues are 
integrated into the change management system of an organi-
zation will determine their impact. Issues identified in one 
clinical area, such as the ineffective drill, but not shared with 
other clinical areas, limits learning to silos. Increasingly, sys-
tems issues identified in simulation are being escalated in the 
same hospital error-reporting structures as real patient cases 
[Marc Auerbach, written communication, August 2014; Kim-
berly Stone, written communication, August 2014] . In these 
error-reporting systems, issues are reviewed, and distributed 
to leadership responsible for user, tool, task, environment, or 
process changes in the same manner as concerns which were 
identified based on actual patient care events. Engaging all 
areas of the organization which contribute to specific patient 
care processes supports system-wide change, breaking down 
silos often associated with healthcare organizations.
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Conclusions

Health care is a complex adaptive system; components of 
the system learn and adjust their behavior or responses, 
contributing to increasing complexity; the results of these 
interactions can be unpredictable. Healthcare systems ex-
hibit complex behaviors that emerge out of the complex-
ity of the large number of procedural, biologic, and so-
ciotechnical rules—whether understood and articulated or 
not—that drive the system and impact the interdependent 
interactions between components [18]. It is not possible to 
completely understand, let alone control, all of these inter-
actions. However, it is possible to use simulation to learn 
more about, and improve, these interactions and our capa-
bilities to provide the safest, highest quality health care to 
our patients.

Example 2: Application of Lean Framework to Systems-
Focused Simulation for Redesign of an Existing Resus-
citation Room Delays in care (e.g., applying monitors, 
administering medications, obtaining equipment) led to a 
series of simulations to examine user, tool, environment, 
and processes in an existing resuscitation room. Issues 
were identified and addressed using the 6S tool. Figure 6.4 
shows the resuscitation room prior to the 6S exercise. Areas 
of clutter, a headwall with respiratory equipment, monitor-
ing equipment, reference guides, etc., were sorted and out-
dated equipment discarded. Straightening led to co-locating 
task-based supplies. Airway equipment for physicians (oxy-
gen attachments, bag mask, suction, and intubation materi-
als)  was placed together in an airway cart on the patient’s 
right. Monitoring equipment for nurses (heart rate monitors, 
temperature probes, blood pressure cuffs, etc.) was placed 
together on the patient’s left side. To standardize the new 

environment, ensuring routine cleaning and inspection, a 
room setup check-list included photographs. To sustain the 
changes, visual cues were placed throughout the room (blue 
bordered labels and photographs). Recognizing that safety 
issues could have been created or remain, a feedback box 
was added to collect ongoing issues. Figures 6.5 and 6.6 
show the resuscitation room after the 6S exercise.

Example 3: Application of Six Sigma, DMAIC, and Sim-
ulation to Improve Handoff Communication Handoffs 
between providers are a risk factor for adverse events. The 
Six Sigma DMAIC methodology was applied to improve 
the postoperative handoff process for children with heart 
disease. Define identified 18 essential handoff elements. 
Measure identified a mean of 5.6 errors per handoff event 
concentrated in medical history and current surgical inter-
vention. Analyze identified three factors negatively affect-
ing the handoff process: lack of standardization, inconsistent 
participation by clinicians recently involved in the patient’s 
care and interruptions/distractions during the handoff pro-
cess. Intervention and control phases included creating a 
standardized handoff model and training to that model using 
simulation. Researchers found that using this methodology 
resulted in reduced time to obtain clinically important diag-
nostic information [19].

Example 4: Application of Both a Safety I and Safety II 
Perspective to Simulation for a New Process Patients are 
at risk for profound hemorrhage as a postsurgical complica-
tion or secondary to trauma or illness. Delivering the appro-
priate blood products, equipment, and personnel, safely and 
efficiently, is a complex process. In order to design a new 
massive bleeding emergency protocol, a series of simula-
tions were conducted with multiple teams in multiple dif-
ferent clinical areas: Pediatric Intensive Care, Cardiac 

Fig. 6.3  Pediatric simulator in a proton therapy bed. (Image courtesy 
of Dr. Ellen S Deutsch, Center for Simulation, Advanced Education and 
Innovation, the Children’s Hospital of Philadelphia)

 

Example 1: Application of a Systems Ap-
proach for Identifying Patient Safety Risks in 
a Proton Therapy Unit

A proton therapy unit, previously only treating adults, 
planned to begin providing services to pediatric 
patients. Simulated emergencies for pediatric patients 
(see Fig. 6.3) identified systems issues related to 
users (clarification of whether the pharmacist or the 
anesthesia technician would provide medications, to 
avoid duplication of efforts), tools (the nearest pedi-
atric resuscitation cart was too far away; an additional 
cart was obtained), and environment (providers accus-
tomed to working in a pediatric facility identified that 
the need for a pediatric (vs. adult) team must be speci-
fied during the activation of an emergency response).
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Intensive Care, Neonatal Intensive Care, Operating Room, 
and Emergency Department. During each scenario, observ-
ers identified how different teams overcame barriers to 
safe and efficient care, developing a new massive bleeding 
emergency protocol that incorporated best practices from 
throughout the institution. Figure 6.2 outlines the process 
using the PDSA cycle.

Example 5: Integration of Simulation Issue Identifica-
tion into Hospital Infrastructure Creating a system for 
identifying, prioritizing, and disseminating issues, requiring 
accountability, tracking mitigation strategies and communi-
cating progress, can leverage simulation’s ability to create 
change. Prior to opening several new clinical units, we con-
ducted simulation testing to identify safety issues. All safety 

Fig. 6.5  Same resuscitation 
room after 6S exercise. (Image 
courtesy of Drs. Kimberly 
Stone and Jennifer Reid of the 
Pediatric Emergency Medicine 
Simulation Program at Seattle 
Children’s Hospital 2014c)

 

Fig. 6.4  Existing resuscita-
tion room prior to 6S exercise. 
(Image courtesy of Drs. Kimber-
ly Stone and Jennifer Reid of the 
Pediatric Emergency Medicine 
Simulation Program at Seattle 
Children’s Hospital 2014c)
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issues were reviewed by a clinical and facilities expert. Each 
was designated as critical, high, medium, or low priority 
based on the significance and time sensitivity. Critical issues, 
such as a non-functional code alarms, could place a patient at 
risk of death or significant injury, and needed to be resolved 
prior to staff training. Broad leadership (e.g., directors of 
construction, clinical engineering, demand flow, informa-
tion technology, environmental services, telecommunica-
tions, and patient care units) was required to attend a “daily 
huddle” addressing identified issues. Critical issues were 
discussed with the entire group to facilitate collaborative 
problem solving between interdependent teams. Huddles 
occurred every morning, with updates on issue resolution, 
until the new units opened for patient care.
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Simulation Pearls

1. Assessment is a form of measurement, allowing simula-
tion-based medical educators to make meaningful infer-
ences about their learners’ potential performance in the 
real world.

2. Validity is an argument supported by data from a number 
of complementary data sources.

3. Validity is a characteristic of the assessment data obtained 
from specific learners in specific environments and is not 
inherent in the instrument itself.

4. A substantial array of assessment instruments germane 
to pediatric simulation exist, many of which are readily 
available for use.

Introduction

Assessment is an expansive topic that impinges upon many 
fields. Given that whole textbooks have been devoted to 
this subject, we will, by necessity, provide an overview of 

this topic only as it specifically pertains to simulation. One 
 distinction to consider is the use of simulation itself as a com-
prehensive tool by which to assess learners—such as the Ob-
jective Standardized Clinical Exam (OSCE) component of 
the United States Medical Licensing Exam (USMLE)—ver-
sus the use of standard assessment methodologies (surveys, 
checklists, etc.) within the context of the simulated environ-
ment. In the companion textbook to this volume [1], the for-
mer subject has been addressed in great detail. We perceive, 
however, a growing interest in the simulation community for 
information regarding the latter and thus have chosen to di-
rect the chapter toward this question.

Why Assess?

What do we hope to accomplish through the use of formal 
assessment of our simulations? A fundamental observation 
is that we perform assessment continually as we engage in 
our educational activities. From the beginning of the case to 
the conclusion of each debriefing, faculty engaged in simu-
lation-based educational activities are constantly rendering 
judgments, both verbally and internally, regarding the qua-
lity of care given, the knowledge level of participants, the 
communication skills of the team as a whole, and a myriad of 
other issues. Without this ongoing process, we indeed would 
have nothing of significance to offer our learners during the 
debriefing process. There is a vast difference, however, be-
tween these ongoing personal judgments and the rigorous 
process needed to form assessments that are consistent and 
meaningful. Though the primary act of assessment may be 
similar, a number of additional facets of the process must be 
considered and systematically examined if we are to have 
any confidence that our judgments truly represent a learner’s 
actual skill in the area assessed. The degree to which one 
is held accountable for demonstrating the validity of assess-
ment data is linked to the stakes of the assessment as it is un-
fair to learners to report scores that could affect their future 
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practice or careers without having subjected the tools used to 
generate those scores to rigorous study.

This naturally leads to a second question: If we agree that 
assessment forms part of the underpinning of all simulation-
based education, what is the intended use of these assess-
ments or judgments? In general, we either seek to assess 
learners or learner groups or assess educational interventions 
or curricula. When assessing learners or learner groups, this 
process spans a spectrum from learner-directed feedback 
that provides information intended to enhance current per-
formance ( formative assessment), to assessments used to 
provide a pass/fail grade of a learner’s ultimate performance 
in a given area or to provide a certification or other formal 
qualification that the learner can then display as proof of 
their abilities ( summative assessment) [2, 3]. This spectrum 
is delineated in Fig. 7.1. A number of possibilities also lie 
between these extremes, such as the use of assessment for 
the identification of those in need of remedial training. While 
information gained from these hybrid types of assessment 
might not form a part of their ongoing educational record, it 
is doing more than simply informing the learner as to their 
current performance in a given area.

When using assessment to study programmatic impact, 
many of the same validity and reliability considerations that 
will be discussed in the body of the chapter apply. This topic 
is discussed more thoroughly in subsequent chapters dedi-
cated to simulation research (see Chap. 30).

Definition of Terms

Thus far, we have been discussing assessment without devel-
oping a proper definition. Simply put, assessment is a form 
of measurement, in this case the measurement of knowledge, 
skill, or performance level with respect to a specific educa-
tional construct. This may be skill at performing a lumbar 

puncture (LP), knowledge regarding a particular resusci-
tation algorithm, or ability to communicate within a team 
structure. The purpose of this measurement is to allow the 
educator to make inferences regarding a subject’s knowledge, 
skill, or attitudes in the real-world situation recreated by the 
simulation [4, 5].

As in any other field of scientific inquiry, the performance 
of these measurements further required the use of calibrated 
instruments or tools in order to be reproducible and precise. 
Therefore, just as the measurement of length requires a ruler, 
the measurement of performance in a simulation requires 
some sort of rating scale representative of the concept being 
assessed. In the case of length, the calibration of this ruler is 
performed by comparing individual rulers to a specific for-
malized standard. Similarly, assessment possesses a formal-
ized, evidence-based process used to determine the validity 
of the data it produces. Validity is, as Downing and Haladyna 
state, the “single most important characteristic of assessment 
data,” and concerns the degree to which the assessment data 
arising from the use a specific assessment for a particular 
learner group in a particular environment is meaningful, use-
able, and corresponds to the construct or concept that we are 
actually intending to measure [6]. Reliability, although often 
considered a distinct construct, is formally a subset of va-
lidity and concerns the extent to which measurements are 
consistent across raters, settings, and time. It is important 
to note that validity is a characteristic of the data and not a 
characteristic of the instrument.

This chapter will address the above issues by:
1. Describing the structure of assessment and assessment 

instruments by discussing the different subjects to which 
assessment instruments can be applied as well as address-
ing the most frequent question and response types.

2. Outlining the currently accepted hypothesis-driven re-
search approach to instrument validation. This will in-
clude an in-depth discussion of the current conception 

Fig. 7.1  The spectrum of 
assessment: formative versus 
summative
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of validity that draws from the work of Kane and others 
[7–10].

3. Describing the practical use of assessment tools, drawing 
attention to implementation strategies and the timing of 
tool use within individual simulation sessions.

4. Reviewing the existing assessment literature in an ef-
fort to highlight a number of different instruments for 
which reliability and validity data have been provided 
(Table 7.1).

It is our hope that this chapter will enable the reader to more 
rigorously assess and evaluate their learners.

The Structure of Assessment and Assessment 
Instruments

The structure of assessment addresses two categories: the 
subject and the observed process. Considerations of these 
categories then are used to refine the data collection strategy, 
rater selection and preparation, and the specific question de-
sign of the tool.

The Subject of Assessment

Assessment of individual simulation participants has been 
heavily relied on for the demonstration of knowledge and 
skill (cognitive or psychomotor), particularly with respect 
to procedural performance. Simulations constructed for 
individual assessment can be designed to address specific 
learning objectives and areas of knowledge based on the pro-
jected subject’s level of experience and clinical discipline. 
Historically, there are far more examples of assessment at 
this individual level than at the higher, but potentially more 
important, level of the team.

A team has been defined as “two or more individuals 
with specialized knowledge and skills who perform specific 
roles and complete interdependent tasks to achieve a com-
mon goal or outcome” [11]. In simulations conducted with 
a team of healthcare providers, the opportunity exists to as-
sess dynamic and interpersonal phenomena in the realm of 
crisis resource management such as communication, team-
work, leadership and followership, and role clarity in a way 
that cannot be done with individual learners. Team assess-
ments also have the potential to enhance the realism of sim-
ulated scenarios when a cross section of multidisciplinary 
personnel are involved, allowing the team to function in a 
more representative manner. While the importance of as-
sessing and improving these phenomena is desirable, their 
complexity and qualitative nature make them challenging 
to express in an interpretable and reportable way, and rigor-
ous evidence for effectiveness is still lacking in published 
literature [12, 13].

The Observed Process

Here a distinction should be drawn between explicit pro-
cesses (behaviors that can be directly observed) and im-
plicit processes (judgments or thought processes that can-
not directly be seen but must instead be inferred based on 
actions). For example, in a cardiac arrest scenario, the task 
“recognize pulselessness” is implicit as it is primarily mental 
in nature and thus must be inferred from verbal statements 
such as a directive to begin chest compressions. Determin-
ing this requires some degree of judgment on the part of the 
rater, which can be subject to bias. In contrast, the tasks “pal-
pate pulse” and “start chest compressions” are explicit and 
readily appreciable by observation alone. While the explicit 
tasks may have been performed, however, it may or may not 
follow that the learner in question performed them with an 
appropriate understanding or cognitive context (e.g., appro-
priately checking a pulse but failing to start compressions). 
Thus, both types of processes are essential and complemen-
tary components of assessment and may both be included in 
a given assessment instrument.

A further distinction should be made between objective 
versus subjective measurement. Objective measurement 
refers to either discrete, analytical rubrics with correct an-
swers or to specific task performance and is suited to a more 
granular analysis of the simulation. By contrast, subjective 
measurement can be used to rate more complex behavioral 
constructs and generally requires the judgment of expert rat-
ers [14]. Data on OSCEs have demonstrated that checklists 
alone (objective measures) do a poor job of measuring ex-
pertise in trainees, suggesting that subjective measurements, 
though more challenging from a validity standpoint, are es-
sential [15].

Within these two categorical frameworks lies a further 
distinction between assessments that focus on clinical skills 
and actions, and those that focus on interpersonal dynam-
ics/relationships. Clinical skills and actions refer to psy-
chomotor, verbal, or cognitive tasks of varying degrees of 
complexity and are typically scored based on whether they 
were or were not completed (dichotomous scoring), whether 
they were done correctly, whether they were done in an ap-
propriate amount of time, or whether they were done in the 
appropriate sequence. These tasks can be either explicit or 
implicit and can be assessed either objectively or subjec-
tively depending on the specific skill’s level of complexity. 
Assessments focusing on interpersonal dynamics and rela-
tionships typically focus on various elements of crisis re-
source management such as communication, leadership, and 
professionalism [16–23]. Constructs in this category can be 
either explicit or implicit but are often more subjective than 
objective.
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Data Collection Strategies
Two basic strategies for data collection exist: real-time ob-
servation and post hoc analysis using video-recorded data. 
Obtaining data from simulations in real time by live observ-
ers is advantageous in that recall bias and the inability to 
see or hear events due to recording limitations are curbed. 
Live observers also have the opportunity to clarify or explore 
implicit processes with subjects as they are happening or in 
the context of debriefing. For post hoc analysis, conclusions 
about these processes must often be reached inferentially. 
Disadvantages of live observers include considerations of 
time and personnel.

The use of video recording during training sessions has 
been reported in a variety of modes of simulation training. 
Video recording provides direct and unbiased information 
regarding events during a simulation and offers the benefit 
of one or more raters being able to retrospectively review 
events as often as is necessary for data abstraction. Data 
availability during video-recorded encounters, however, 
does depend on measured tasks being visible and/or audible 
to a reviewer, a limitation when implicit processes are as-
sessed. Video recording also involves a significant burden of 
cost and equipment, informed consent, and a secure means 
of storage and retention of videos. Multiple camera angles 
may also be necessary to assess interpersonal dynamics and 
other more complex skills to assure that enough data are 
present in the recording to generate a complete assessment, a 
frequent issue in the literature [24–26].

Rater Selection and Preparation
Assessment by raters requires time and personnel with 
knowledge bases commensurate with the constructs being 
assessed. For simulations designed to assess more complex 
subjective and/or implicit phenomena, this means that raters 
must be content experts with sufficient experience to permit 
accurate and objective judgment. Common threats to rater 
validity include the avoidance of extreme ratings ( central 
tendency or leniency), generalizing isolated performance el-
ements to an entire scale ( halo error or recency effect), or 
scoring based on relative or generalized contexts ( stereo-
type or contrast effect) [27]. Training is frequently used to 
mitigate these biases. Examples include rater error training, 
where raters are taught to recognize and avoid frequent rat-
ing errors; performance dimension training, where raters are 
given definitions and examples to become familiar with un-
derlying constructs; frame of reference training, where ex-
amples are used to assist raters in discriminating between 
levels of performance; and behavioral observation training, 
where raters undergo training to improve their observational 
and perception skills [27–29].

While many assessment tools are intended for raters of a 
single discipline, 360° assessment strategies exist that can 

gather a wealth of additional information by collecting data 
from intra- and interdisciplinary peer sources as well as from 
faculty raters [30–33]. For simulations involving standard-
ized patients (SPs), their impressions can also be solicited. 
This approach yields a more robust measure of learner per-
formance as it is experienced by the entire team [31–33]. 
Ideally all participating in the session are involved, but this 
can be quite resource intensive, and thus many educators opt 
for a reduced dataset derived from a few individual asses-
sors only. In order to preserve the holistic implications of 
360° assessment, this reduced application is best denoted 
as multi-rater assessment. Multi-rater and 360° assessment 
methodologies have been successfully applied in the simu-
lated environment for the assessment of teamwork and com-
munication skills, and a number of instruments calibrated to 
use this technique exist in the literature (Table 7.1) [20, 30, 
32, 34–36].

Self-assessment has the advantage of being universally 
applicable and relatively easy to perform. Its obvious short-
comings relate to the potential degree of bias in subjects 
making qualitative judgments about their own performance, 
and the inaccuracy of self-assessment has been repeatedly 
demonstrated in the literature [37, 38]. One means for over-
coming this issue is the use of gap analysis, a technique de-
rived from the business literature. By making the assumption 
that the results of an assessment validated for the particular 
environment in which it is used constitute a reproducible 
measure of learner skill, gap analysis can then be used to 
generate additional information regarding learner self-ap-
praisal, the degree to which they accurately understand their 
current skill level [20, 30, 34]. The mathematical approach 
for performing gap analysis is straightforward, namely sub-
tracting the learner self-rating from the composite rating 
generated during the multi-rater assessment process. This 
can be performed as a global calculation or, for individual 
subdomains, within an assessment [20]. By focusing on the 
difference between self-rating and the overall assessment, 
specific domains in which the learner has overestimated 
their performance (self-over-appraisal) or underestimated 
their performance (self-under-appraisal) can be highlighted. 
These gaps can be further correlated with areas noted by the 
faculty raters as meeting or exceeding expectations and those 
identified as needing improvement [20, 30, 34]. A schema 
for interpreting these correlations is displayed in Fig. 7.2.

Question Design
Question design begins by determining the tasks to be as-
sessed, followed by the creation and prioritization of items, 
addressing sequencing of items, preliminary testing, and 
revision and finalizing [39]. Weighting of items permits a 
greater degree of precision in evaluating performance when 
compared to a simple checklist of dichotomous items. This 
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• The Dreyfus conceptual framework is a variant of the Lik-
ert scale that defines a series of five stages in the acquisi-
tion of a specific skill by a trainee beginning with novice 
and ending with mastery [43]. The underpinnings of the 
model involve the evolution of a learner’s understanding 
and performance from the rote application of rules and 
guidelines to a deeper, more holistic grasp of the con-
cepts.

• BARS use scaled responses to items that examine dimen-
sions of behavior specifically pertinent to a given sce-
nario or set of scenarios. BARS are most often developed 
through an iterative process where critical behaviors are 
identified (usually by some form of needs assessment, 
critical incident analysis, or task analysis) and are then 
converted by experts into scaled responses. Shortcom-
ings of BARS include a tendency toward overrating of 
the learner’s level of mastery by faculty (leniency bias), 
halo effect, and poor discriminatory capacity [44].

• Time to event is a frequent metric in resuscitation algo-
rithms, and many published examples of time-to-event 
metrics used as outcomes in pediatric simulation have been 
modeled to reflect these guidelines-based gold standards. 
Explicit processes are much more likely to be assessed 
in an unbiased fashion using a time-to-event approach. 
Depending on the scenario design, these data can often 
be obtained from the time stamps generated within the 
simulation log, reducing the need for additional faculty 
devoted specifically to assessment. Differences in the 
physical fidelity of the simulated environment, however, 
can lead to issues when time to event scores are compared 
between alternative simulation modalities [45].

• Global rating scales, or holistic scales, allow raters to 
provide an overall assessment of a subject’s performance. 
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is accomplished by having tasks assigned a greater or lesser 
number of points that contribute to a total score. Alternately, 
tasks can carry multiple ordinal values which reflect in-
crements of improved performance. Additional potential 
sources of item weighting may include the results of a spe-
cific needs assessment or failure mode analysis determining 
which tasks are more contributory to good or bad outcomes 
[40]. Specific tasks associated with a given process, without 
which a desired clinical change or outcome would be im-
possible or implausible (such as insertion of an endotracheal 
tube), can also be selected a priori as fundamental to a given 
scenario, such that their omission or incorrect performance 
constitutes a failure. Few clinical scenarios can be said to 
have a gold standard with regard to the weighting of tasks 
and thus this process often relies heavily on expert consen-
sus or Delphi methodology [41, 42]. Any weighting schema 
should be explained clearly to allow others to judge its value 
for themselves.

Finally, these questions need to be anchored by means of 
a rating scale. Five common types exist: Likert scales, the 
Dreyfus conceptual framework, Behaviorally Anchored Rat-
ing Scales (BARS), time-to-event measurements, and Global 
Rating Scales (Table 7.2).
• Likert scales are the most commonly used form of response 

items in qualitative research and permit the translation 
of subjective responses to items into a numerical score. 
Advantages of the use of Likert scales include their ease 
of use and (theoretically) negligible need for rater training 
if items are well written and defined. Challenges include 
several novel sources of bias in responses, such as the 
tendency by raters to avoid the extreme values of a given 
scaled item (central tendency bias) and the influence of 
wording variations on response (acquiescence bias).

Fig. 7.2  Interpretation of gap 
analysis data. Interpretation 
first involves determining the 
gap range which represents ac-
curate self-appraisal. A number 
of ranges have been proposed, 
typically − 0.5 to + 0.5 or − 1 
to 1 [34]. Once gaps have been 
calculated and the presence of 
self-under-appraisal or self-over-
appraisal has been determined, 
these findings can be correlated 
with the absolute scores using 
the interpretative grid presented 
here
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The main advantage of these scales is their ability to 
incorporate a theoretically limitless set of performance 
components into a single-scaled metric, reducing the 
need for quantifying more elusive elements. Unfortu-
nately, this translates into a corresponding need for sig-
nificant rater expertise and judgment about the construct 
being assessed in order to provide a reproducible score. 
In healthcare simulation, this typically means that only 
experienced clinicians can effectively use global scales. 
Additionally, it can be difficult to predict and/or account 
for biases specific to a given reviewer.

Understanding Validation: A Hypothesis-
Driven Approach

Before considering this topic, it must be emphasized that as-
sessment instruments are not of universal applicability. Rath-
er, specific tools are constructed to measure specific con-
structs in specific environments with specific learner groups 
for a specific purpose. Given this understanding, validity re-
fers to our ability to argue that a specific instrument actually 
measures what we think it does. The data to support this are 
obtained by the process of validation, in which research is 
conducted in an effort to support a preconceived hypothesis 
regarding the performance of an assessment tool designed 

to measure the intended construct with a specific group of 
learners. Figure 7.3 illustrates the above relationships.

When developing or choosing an assessment, one has 
to demonstrate sufficient evidence to meet the intended 
use, which can be challenging and resource intensive. The 
demonstration or argument for validity can be supported 
by variety of sources. Current literature identifies five 
common categories in which these sources can be placed: 
content, response process, internal structure, relationship 
to other variables and evidence of impact or consequences 
resulting from use [10, 46]. Downing provided a set of ex-
amples of evidence in each category, which are included in 
Table 7.3 [7].

Content evidence seeks to link the assessment to the 
construct being measured and is typically demonstrated by 
reference to external models or theoretical constructs and 
methods that were used to guide tool development. Response 
process relates to aspects of data quality and tool usability 
and requires the demonstration of a thoughtful tool develop-
ment process, and the vetting of the tool for usability, and 
appropriate question design. A number of questions should 
be addressed that pertain to this process:
• What makes each item sufficiently important to be on 

the checklist? Conversely, do the items provide sufficient 
information to illuminate the construct assessed or are 
more needed?

Table 7.2  A taxonomy of assessment tool response types

Scale type Likert scale Dreyfus Scale BARS Time to event Global Rating Scale
Focus of data 
collection

Rates learner’s 
general performance 
of a procedure or 
technique

Rates learner’s progress 
(with view to mas-
tery) in a procedure or 
technique

Rates learner’s 
ability to perform a 
discrete task

Measures the time 
needed to initiate key 
interventions

Raters learner’s performance 
in a global area of practice

Example 
question

Please rate the 
learner’s ability to 
perform effective 
CPR

Please rate the learner’s 
progress in the skill of 
intubation

Please rate the 
learner’s ability to 
initiate CPR

Please record the elapsed 
time (in seconds) between 
the onset of PEA and 
the initiation of effective 
CPR

Please assess the learner’s 
ability to diagnose and 
 manage shock:

1. Poor 1. Novice 1. No CPR initiated 1.  Improper sequence or 
never performed

2. Fair 2. Competent 2. Delayed initiation 2.  Too late to be effective 
and incomplete

3. Good 3. Proficient 3. Timely initiation 3.  Late but possibly effec-
tive, including a mini-
mum of needed steps

4. Very good 4. Expert 4.  Delayed request for 
needed steps but all 
included

5. Excellent 5. Master 5.  Timely request for needed 
steps

6.  Expeditious request for 
needed steps with addi-
tional laboratory analyses 
considered

BARS Behaviorally Anchored Rating Scale, CPR cardiopulmonary resuscitation, PEA pulseless electrical activity
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• How important are the items in relation to one another?
• Can the rater observe each item in a manner that permits 

it to be scored?
• Is there consensus by the design group that the items are 

appropriate for the population evaluated?
• What is the planned mode of analysis, and does the scor-

ing framework collect data in the proper manner to permit 

that analysis (e.g., how might a response of “not done” be 
scored)?

• Is the creation of an overall aggregate score intended or 
justified? Would separate domains with an assessment 
make more sense?

Internal structure relates to psychometric assessments and 
encompasses the reliability of the instrument. It is  important 

Fig. 7.3  Conceptual represen-
tation of validity. This figure 
depicts the relationship between 
the learner and learning envi-
ronment, the construct being 
assessed, and the assessment 
instrument. Educational environ-
ments are built to allow specific 
learner groups to interact with 
a construct being taught or as-
sessed. Evaluators use assess-
ment instruments to quantify 
this interaction for formative or 
summative purposes. Validity is 
the degree to which the assess-
ment instrument accurately and 
reliably captures this interaction

 

Table 7.3  Some sources of validity evidence for proposed score interpretations and examples of some types of evidence. (Table reproduced 
with permission from [7])

Content Response process Internal structure Relationship to other 
variables

Consequences

•	 Examination	blueprint
•	 Representativeness	

of	test	blueprint	to	
achievement	domain

•	 Test	specifications
•	 Match	of	item	content	

to	test	specifications
•	 Representativeness	of	

items	to	domain
•	 Logical/empirical	

relationship	of	content	
tested	to	achievement	
domain

•	 Quality	of	test	questions
•	 Item	writer	

qualifications
•	 Sensitivity	review

•	 Student	format	familiarity
•	 Quality	control	of	electronic	

scanning/scoring
•	 Key	validation	of	preliminary	

scores
•	 Accuracy	in	combining	different	

formats	scores
•	 Quality	control/accuracy	of	final	

scores/marks/grades
•	 Subscore/subscale	analyses
•	 Accuracy	of	applying	pass/fail	

decision	rules	to	scores
•	 Quality	control	of	score	reporting	

to	students/faculty
•	 Understandable/accurate	descrip-

tions/interpretations	of	scores	for	
students

•	 Item	analysis	data:
1.	Item	difficulty/

discrimination
2.	ICCs/TCCs
3.	Inter-item	

correlations
4.	Item-total	

correlations
•	 Score	scale	

reliability
•	 SEM
1.	Generalizability
2.	Dimensionality
3.	Item	factor	analysis
4.	Differential	Item	

Functioning	(DIF)
5.	Psychometric	model

•	 Correlation	with	
other	relevant	
variables

•	 Convergent	cor-
relations—internal/
external:

1.	Similar	tests
•	 Divergent	cor-

relations—internal/
external

1.	Dissimilar	
measures

•	 Test-criterion	
correlations

•	 Generalizability	of	
evidence

•	 Impact	of	test	scores/
results	on	students/
society

•	 Consequences	on	learn-
ers/future	learning

•	 Positive	consequences	
outweigh	unintended	
negative	consequences?

•	 Reasonableness	of	
method	of	establishing	
pass/fail	(cut)	score

•	 Pass/fail	consequences:
1.	Pass/fail	decision	

reliability-Classification	
accuracy

2.	CSEM	at	pass	score
3.	False	positives/negatives
4.	Instructional/learner	

consequences

ICCs/TCCs item/test characteristic curves, SEM standard errors of measurement, DIF differential item functioning, CSEM conditional standard 
error of measurement
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here to emphasize that reliability is only one part of an over-
all argument that must be made and does not stand on its 
own [7]. Common metrics used to describe data in simula-
tion include internal consistency, inter-rater, and intra-rater 
reliability. Generalizability analysis is also included in this 
category. Internal consistency measures the degree to which 
individual items correlate as evidence that the tool (or a do-
main within a tool) is measuring a relatively unified con-
struct (Fig. 7.4). By way of example, imagine a hypotheti-
cal checklist addressing a specific procedure that contains 
20 items, of which six are procedural, five relate to consent, 
and nine are about sterility and other ancillary processes. We 
might find that there is poor consistency between the steril-
ity and the specific procedural steps. The interpretation of 
this information then depends on the nature of the construct 
we are assessing as we would not necessarily expect all sub-
domains of procedural competence to correlate (a learner 
may be meticulous about sterility but unskilled with regard 
to the actual procedure). Internal consistency should be used 
to support the argument only when we believe there should 
be consistency based on the nature of the construct being 
assessed.

In contrast, inter-rater reliability measures how well 
scores generated by different raters using the tool correlate 
(Fig. 7.5). Low inter-rater reliability implies that different 
raters perceive the content of the tool differently and thus are 
contributing significant variability to the score. Intra-rater 
simply measures how well an individual rater is consistent 
across time. Generalizability analysis is an analytical meth-
od used to quantify the degree by that a variety of sources 

(often raters, cases, and sessions) lead to score variation be-
yond the individual’s performance. It further allows one to 
understand the impact of changing the number of raters or 
cases [47]. Alternatively, internal consistency and inter-rater 
reliability can be assessed using classical psychometric sta-
tistical metrics such as Cronbach’s alpha, Cohen’s kappa, or 
correlation metrics (Pearson’s, Spearman’s, or Intraclass).

Relationship to other variables examines the association 
between scores obtained on the assessment and other learn-
er characteristics that might result in similar stratification 
(learner experience level or previous educational exposure 
are common variables examined). Note that this portion of 
the argument is particularly susceptible to statistical power 
as an underpowered study may not detect a meaningful 
difference when one exists in reality [48]. Typical statisti-
cal tests used to compare mean or median scores (Student’s 
t-test, Wilcoxon rank-sum test, etc.) are often used.

Consequence relates to the impact of testing or the effect 
of pass/fail decisions that are made based on the assessment 
instrument. The burden of proof required of an assessment 
is directly related to the impact it will have on subjects, cur-
ricula, or larger processes. A formative assessment might re-
quire a modest evidence base while the burden on a national 
assessment such as the Step 2 Clinical Skills is substantial 
(and ongoing) [7]. In the middle are the smaller efforts that 
might lead to remediation or performance assessments that 
become part of the permanent record.

The recent past has seen a substantial amount of schol-
arly activity regarding assessment tools, with variation in 
the amount of information provided regarding these instru-
ments’ performance characteristics. In some cases, studies 
have insufficient evidence to support the use of instruments 
described or lack a hypothesis-driven approach from the 
outset. The theoretical underpinnings of validity have under-
gone substantial changes over the past century [9, 49]. The 
current approach to instrument validation has been described 
in a number of scholarly works and is summarized below in 
three steps [8, 9, 49, 50]:
1. Proposal of a hypothesis: This hypothesis should explic-

itly state the what, who, and why of the validation study. 
Formally, this represents the creation of an interpretive 
argument that addresses what meaning will be drawn 
from the score, over what conditions the information 
can be generalized, if and how the data can be extrapo-
lated to the construct in question, and how the resulting 
data will affect decisions made regarding the learner. By 
way of example, consider a study examining a novel tool 
to assess pediatric LP performance. A possible hypoth-
esis for this study would be “The Lumbar Puncture (LP) 
Checklist will produce valid data to discriminate amongst 
pediatric residents for the purpose of providing formative 
feedback at the end of the first year of training.”

Fig. 7.4  Conceptual representation of internal consistency. This fig-
ure depicts the concept of internal consistency. Instruments are said to 
have good internal consistency if each item or question corresponds 
to one overarching construct. Instruments are said to have poor inter-
nal consistency if items or questions correspond to multiple constructs. 
Please note that many instruments are specifically designed to have 
multiple subdomains intended to represent separate but complementary 
constructs. In this case, it is not appropriate to assess overall internal 
consistency (as opposed to subdomain-specific internal consistency) as 
in this circumstance the global value is expected to be low
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2. Hypothesis-driven generation of study design: In this 
step, the researcher must consider possible confounders 
that may differ between potential subjects. To build on the 
above example, pediatric residents would be expected to 
have ongoing clinical experiences in performing LPs that 
would need to be controlled for in a way that would likely 
be unnecessary if medical students were the target popu-
lation. This step is also sensitive to the ultimate goal of the 
tool’s use, as a greater degree of rigor (possibly including 
the adoption of a mastery learning model) is needed to 
support its use for summative assessment purposes such 
as promotion and grading. Finally, the study should be 
deliberately designed to produce data regarding as many 
different types of validity evidence as possible.

3. Argument-driven analysis: Once assessment data have 
been obtained, the resultant data must be organized in a 
validity argument that supports the tool’s use in a particu-
lar population for a specific purpose [7–9, 51]. It is impor-
tant to remember that validity is not portable; one cannot 
assume that an instrument can be used for a new purpose 
or audience based on evidence supporting its use in a dif-
ferent situation. Nor is a validity argument binary (the 
test is valid or not) but rather represents an aggregation 
of evidence giving relative support to validity in the study 
context [52].

Given that many readers will not be engaged in the act of 
validation, but rather the interpretation of studies that claim 
to support the validity of a tool, we have provided an exam-
ple of a validity argument using the LP checklist referenced 
in the process above in Table 7.4. As should be apparent 
from the discussion, validation can be a difficult process to 

successfully complete. Fortunately, a large number of tools 
currently exist in the literature, and so it is often not nec-
essary to generate and validate an additional instrument for 
most uses (Table 7.1). This outlined process of triangulating 
multiple streams of evidence should be used by simulation 
educators to critically assess the evidence for any tool that 
they wish to adopt. Educators should take care to use tools 
only in the manner in which and for the populations in whom 
they have been validated.

Implementation of Assessment Tools and 
Delivery of Feedback

When considering implementation and delivery of feedback, 
the intended goal of the assessment process must first be 
considered. Specifically, is the assessment meant to provide 
formative feedback intended to impact learner behavior, or 
is it intended to provide a summative report of the learner’s 
abilities for use as a grade or as research data (Fig. 7.1)? In 
all cases, the immediate concern is the timing of the assess-
ment process and its effect on the data obtained. While we 
recognize that, in many cases, assessments are intended to 
accomplish both purposes, it is helpful to consider both sepa-
rately in order to highlight important distinctions.

Implementing Formative Assessment

Debriefing, the process in which verbal feedback to learn-
ers is provided based on the real-time assessments of the 

Fig. 7.5  Conceptual represen-
tation of inter-rater reliability. 
This figure depicts the concept 
of inter-rater reliability. Instru-
ments are said to have good 
inter-rater reliability if different 
raters assessing the same learn-
ers performing a given task 
generate similar scores using 
the instrument. Instruments are 
said to have poor inter-rater 
reliability if those same raters 
generate scores using the instru-
ment that significantly differ
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facilitators, has rightly been noted as the most important 
component of the simulation-based learning environment 
[53, 54]. If, as was asserted at the beginning of the chapter, 
all simulations involve an ongoing informal process of as-
sessment, then debriefing represents the primary feedback 
delivery mechanism for that ongoing assessment and the 
point at which the learners are most open to self-reflection 
[55]. This allows the implementation and delivery of for-
malized formative assessment to be conceptualized as 
a means of augmenting the information delivered by the 
debriefing and encouraging learners to continue the reflec-
tive learning process post debriefing [55]. For simple as-
sessment data, such as the time to event, a number of the 
existing simulation software platforms have built-in mod-
ules that allow this information to be presented during or 
immediately after the debriefing process [56–58]. Assess-
ments of greater complexity, however, require more labor 
to perform and analyze, which raises the question of how 
this process should relate to the debriefing. Specifically, it 
must be asked whether and how the imposition of the for-
malized assessment process between the case and the de-
briefing affects the content of the debriefing [59]. Research 
data in this area are lacking, and so we cannot be absolutely 
proscriptive, but we suggest, if the desire of course faculty 
is to use the assessment data in a formative manner, that 
strong consideration be given to implementing the assess-
ment after the debriefing in order to preserve the core edu-
cational flow of the session as failure to do this may well 
compromise the reflective process that the assessment is 
intended to promote.

Once the assessment data have been obtained, it is neces-
sary to consider how it should be delivered. Here, it should 
be noted that this question affects formative feedback only, 
as pure summative feedback is not intended for learner edu-
cation. Although real time delivery of feedback during or 
shortly after debriefing represents the ideal, this real-time 
delivery strategy can be a challenge for more complex tools 
given the need to collate the information obtained by the as-
sessment process. In situations such as this, post hoc written 
feedback may be the best option. When considering how to 
structure such a feedback report, several questions should be 
asked. First, how should the data best be represented (written 
vs graphical) to maximally impact learners? Second, what 
mechanisms should be put into place to highlight significant 
data points that require more in-depth review and consider-
ation? Though literature on these questions is scant, some 
guidance can be derived from the business world. One re-
view of feedback delivery mechanisms suggested several 
strategies that are applicable to simulation, including com-
paring scores to accepted norms or an ideal, visually high-
lighting the areas of greatest concern and greatest strength, 
and listing specific behavioral changes indicated by the as-
sessment [60]. These are not mutually exclusive, and feed-
back mechanisms using a number of the above approaches 
can be used. For all the above strategies, provision of narra-
tive feedback in parallel with quantitative data can add an 
additional level of depth [60, 61]. If feedback is delivered 
via email or another other impersonal route, it is also vital to 
offer the possibility of one-on-one contact with the instructor 
to review the information if the learner desires.

Table 7.4  Elements of a validity argument with exemplars

Source of validity Exemplar of appropriate argument using validation of LP checklist study
Content An expert panel of clinicians who perform LPs as well as educational and assessment experts were convened.

They were informed of our purpose and our subject population.
Items were generated by this group according to a literature-based checklist development model [101]

Response process Data were acquired via a web-based form pilot tested and revised prior to the validation study.
Raters were trained using examples of good and poor performance recorded in exemplar videos

Internal structure The rater reliability and impact of testing across sessions and item of the tools were assessed statistically using a general-
izability study to provide information on the sources of variability in the scores, including a rater reliability metric [47]

Relationship to 
other variables

Performance of our target audience, as well as more advanced subjects (fellows and attendings), was assessed using the 
tool and compared using repeated measures ANOVA.
This comparison demonstrated a statistically significant difference in score between these groups, with fellows and 
attendings scoring meaningfully and significantly higher than junior trainees.
Care should be taken to consider whether your comparison groups make sense (e.g., would faculty do better than 
 fellows?), and pilot testing should be done to assure this is so.
An alternative outcome might be to measure real-world clinical LP performance.
This is substantially more resource intensive but would represent stronger evidence and may be needed if the checklist is 
intended for summative assessment

Consequences Our proposed use of the LP tool is for formative feedback only, and so we might argue that additional evidence is not 
needed above what has been provided to support its use.
Alternatively, we could ask what the impact of the assessment on learners might be, such as the creation of overconfident 
practitioners who decline potentially necessary supervision based on their experience

LP lumbar puncture, ANOVA analysis of variance
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Implementing Summative Assessment

For summative assessment, the same basic consideration 
pertains, namely the appropriate time to implement the as-
sessment process in relationship to the session as a whole 
and the debriefing in particular. In this case, however, in-
creased value must be placed on maintaining the purity of 
the data obtained from that process. By definition, debriefing 
involves a faculty facilitated process of active self-reflection 
by learners and thus cannot help but compromise the inde-
pendence of rater observations, potentially causing faculty 
scores and learner self-scores to artificially converge [53, 54, 
62]. While this effect may not be meaningful in the context 
of formative assessment, it becomes a significant issue for 
summative assessment and is especially troublesome in as-
sessment performed for research purposes (particularly in 
validation studies, as the inter-rater reliability can be arti-
ficially inflated by this phenomenon). Indeed, for many as-
sessments performed for purely summative means, such as 
the OSCEs conducted as part of the USMLE, no debriefing 
is offered at all [63]. Regardless of how (or whether) the de-
briefing is performed, it is clear that summative assessment 
data should be obtained in a manner that assures indepen-
dence of observation. This can be accomplished by gathering 
assessment data at the close of the simulation itself prior to 
the debriefing or, if this is not possible, at a later date based 
on a review of session video recordings by faculty assessors 
uninvolved with the session. This latter approach may be 
best for research purposes.

While the differences between formative and summa-
tive assessment implementation have been highlighted, we 
recognize that in many contexts simulation educators may 
well desire to assess their learners for both formative and 
summative purposes simultaneously. In situations such as 
this, the summative purposes should prevail with regard to 
assessment timing. Once the debriefing is complete, the as-
sessment data can subsequently be compiled into a formative 
report.

Available Pediatric Assessment Tools

Over the past decade, the literature regarding assessment 
tools germane to pediatrics has steadily grown. Many of 
these tools have been investigated thoroughly and have evi-
dence supporting their use. We present in Table 7.1 a col-
lection of those tools known to the authors that have been 
used in real and simulated pediatric environments or in adult 
environments readily translatable to simulation-based pedi-
atric education. Given the difficulties inherent in the creation 
and validation of new assessment tools, we hope that this list 
will enable pediatric simulation educators to find an existing 
assessment modality suited to their needs.

Conclusions

Assessment is an inherent part of simulation-based medical 
education, and the methods we choose to perform those as-
sessments can profoundly impact the feedback given to our 
learners. By giving attention to assessment as a measurement 
process requiring tools shown to be valid to address the spe-
cific learners, situations, and constructs we wish to assess, 
we can be sure that the information we provide our learners 
is as accurate and useful as possible. Simulation-based medi-
cal educators are encouraged to use the principles outlined 
above in their selection and implementation of assessment 
methodologies. It is our hope that the list of current tools will 
encourage their use and further development.
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Simulation Pearls 
• It is important to determine if a standardized patient or a 

simulated patient is necessary to accomplish the learning 
objectives of the scenario.

• The structure and type of training required for a standard-
ized patient or (or family member) depends on the learn-
ing objectives of the case and whether or not the simula-
tion is part of a high-stakes summative assessment or is 
simply designed for educational purposes.

• Careful considerations must be made, and safeguards 
must be put into place, when children and/or adolescents 
are used as standardized patients or simulated patients.

• Simulated patients and family members can be an effec-
tive tool for teaching communication skills as well as 
delivering bad news and facilitating difficult conversa-
tions.

Introduction

The use of standardized patients in medical education origi-
nated in 1964 [1] and has been growing in scope and impact 
over the past 60 years. While some educators believe that 
standardized patients are currently underused in healthcare 
education [2], the integration of standardized patients into 
the education and evaluation of healthcare professionals has 
increased dramatically over the past 20 years [3].

According to a 2012 survey distributed by the Council 
on Medical Student Education and Pediatrics, 35 % of pedi-
atric clerkship directors surveyed reported using standard-
ized patients with their students. These respondents also re-
ported using children and adults as simulated patients 60 % 
of the time [4]. The use of standardized patients in medical 
education has also been determined to be a best practice for 

teaching communication skills, interpersonal skills, and fa-
cilitating difficult conversations [5].

Historically, simulation centers and standardized patient 
programs have been divided geographically with separate 
operational structures under the university, academic, or hos-
pital umbrella, resulting in two separate staffs and two dis-
tinctly different training programs. Recently, however, many 
simulation centers have combined programs under one um-
brella, which integrates high-fidelity simulation programs 
along with standardized patient and simulated patient pro-
grams [6]. The result has proven to be an effective structure 
for training standardized patients and educating healthcare 
professionals from any area or discipline.

Common Terms and Definitions

Standardized patients are now considered a unique disci-
pline [7] and are being recognized as a specific occupation in 
countries all over the world [8]. As the field of standardized 
patients becomes more robust and formalized, it is impor-
tant to clarify common terms and definitions. The term SP is 
commonly used to make reference to a standardized patient, 
a standardized participant, or a simulated patient [9], and in 
some settings, it is intended to reference a simulated client 
or patient instructor [8]. However, recent studies have made 
a distinction between the two terms [10, 11]. In accordance 
with these studies, this chapter will refer to a standardized 
patient as one who has been rigorously trained to display 
symptoms in a consistent, sequential, and unchanging man-
ner for multiple learners in a high-stakes summative assess-
ment. Standardized patients are also trained to rate students 
and clinicians using rubrics and checklists and to deliver 
structured feedback based on performance.

Simulated patient are trained to portray a patient for for-
mative assessment purposes and may or may not provide 
feedback to the learner. The focus of the simulated patient is 
not necessarily on the standardization of the symptoms but 
more on the authenticity and believability of the performance. 
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Simulated patients typically spend more training time on 
character development, background stories, interpersonal 
relationships, and reactions to difficult conversations. One 
of the key challenges in the field is the lack of standardized 
terminology, which can often times cause misunderstanding 
or miscommunication in the training and implementation of 
these individuals into a simulation scenario [11]. For this 
reason, a list of common terms and definitions used through-
out this chapter is provided in Table 8.1.

The Association of Standardized Patient Educators 
(ASPE) is an international organization committed to sup-
porting best practices in the field of standardized patient edu-
cation. This group of simulation educators aims to enhance 
the professional knowledge and skill set of its members as 
well as promote research and scholarship in standardized 
patient methodology and education. In 2014, ASPE drafted 
a document outlining best practices for standardized patient 
teaching and evaluation in six different areas. These areas 
include standardized patient safety, quality assurance, case 
design, standardized patient training, standardized patient 
feedback, and professional development. At the time of 
writing this chapter, these standards were still in draft form. 
However, the organization hopes to publish the standards by 
the end of 2015 [8].

Recruitment and Training

General Information

The integration of standardized patients and simulated pa-
tients into simulation scenarios requires specific preparation, 
planning, and training. It is important that the SP enriches 
rather than disrupts the scenario and that the individual un-
derstands not only his or her role in the simulation but also 
the overall purpose and objective for the educational session. 
Regardless of whether the SP is a trained or untrained actor, 
structured training is necessary [6]. The coaching required to 
train SPs has evolved over the past 20 years to include sce-
narios that are not necessarily standardized but focused on 
difficult conversations and communication skills. Educators 
must recruit, audition, and select persons who will enable the 
learners to meet the learning objectives of the scenario [7].

Recruiting Standardized and Simulated Patients

Recruitment can be one of the most challenging aspects of 
securing SPs. It is important to cast the right individual to 
portray patient and family roles so that the realism of the 
case is not affected. Even experienced actors can have diffi-
culty portraying certain patients, especially if they have had 
personal experience with medical problems in the past. It is 
also important to choose SPs who are able to control their 
emotions [12].

SPs can be recruited from a variety of places. Some 
simulation centers choose to pursue professional actors [7, 
12, 13], while others look to volunteers to fill the role of 
SPs [14]. Outside agencies such as AARP (formerly known 
as the American Association of Retired Persons), newspa-
pers, health-related support groups, volunteer organizations, 
schools of performing arts, and referrals from existing SPs 
are also resources for recruiting additional people to the pro-
gram [7]. If volunteers or family members of actual patients 
are being utilized as SPs in hospital simulation programs, it 
is important to properly screen candidates before selecting 
the best one. While family members of actual patients can 
add to the authenticity of a simulation, it is very important to 
place them in scenarios that do not kindle emotionally trau-
matizing events [14].

Regardless of how SPs are recruited, it is important to 
consider the ethnicity, gender, and age of the individual with 
respect to the learning objectives of the case. While the age 
of the SP does not have to be the exact age of the patient 
being portrayed, it is important that the SP closely resembles 
the age of the patient. Some cases may be acceptable for a 
male or a female to portray. However, allowing male and 
female SPs to portray the same case for a high-stakes sum-
mative assessment could potentially cause variation for the 

Table 8.1  Common terms and definitions

Standard-
ized patient 
or simulated 
patient

The terms standardized patient and simulated patient 
are often used interchangeably to refer to a non-
clinician who has been trained to portray a patient 
with a specific set of symptoms or psychological 
issues [3, 9, 52]

Simulated 
family 
member

A person who is trained to act as the family member 
of a patient in a simulation scenario. Simulated 
family members can also be referred to as embedded 
simulation persons [52]

Simulated 
client or 
unan-
nounced 
standardized 
patient

A person who is trained to present as a real patient in 
a health clinic setting in order to observe and assess 
the clinician’s decision-making skills. Clinicians 
are unaware that they are being observed by the 
simulated client [25]. In the USA, these individuals 
are typically referred to as unannounced standard-
ized patients

Hybrid 
simulation

When two or more modalities of simulation (i.e., 
task trainers, simulators, or standardized/simulated 
patients) are combined for a simulation session [9, 
52]. In this chapter, a hybrid simulation refers to the 
combination of a high-fidelity simulator and a stan-
dardized or simulated patient or family member

Formative 
assessment

Assessment for educational purposes; formative 
assessment includes observation of the learners and 
feedback based on their actions [52]

Summative 
assessment

Assessment for evaluation purposes; summa-
tive assessments are measurements of a learner’s 
proficiency and competency in a specific area; 
summative assessments are typically high-stakes 
evaluations [52]
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learners due to the fact that gender differences can and often 
do impact patient and clinician interaction as well as history 
taking [7, 15].

As soon as potential SPs have been recruited, it may be 
necessary to hold an audition. It is helpful to hold multiple 
auditions on one day in order for simulation staff and cli-
nicians who are involved in the scenario to be present [7, 
13]. This also allows staff and clinicians to compare perfor-
mances of potential SPs so the best selection can be made for 
the case [7]. The length of the audition will depend on the 
complexity of the case and on whether or not the SP is being 
trained for a high-stakes summative assessment with struc-
tured feedback or for a formative learning session focusing 
on an emotional experience or a difficult conversation. Wal-
lace suggests a 1.5–2-h audition for standardized patients 
who will be involved in summative evaluation [7]. Video 
recording auditions allows simulation center staff to build a 
database so that candidates can be reviewed if necessary at a 
later date. Pascucci et. al suggest holding auditions in 15-min 
intervals where the potential SP is given a scenario to review 
and then 3–5 min to audition or interact in the scenario fol-
lowed by a short debriefing [13]. This type of audition is 
ideal for SPs who will be involved in formative assessments. 
In addition to acting ability, it is necessary to determine the 
observation skills, self-reflection skills, and memory skills 
of anyone who is going to be recruited as a potential SP. 
These individuals must also be reliable and willing to focus 
on standardizing their performance along with other SPs if 
necessary [7, 12].

Training for Summative Versus Formative 
Assessments

There is a distinct difference in training a standardized pa-
tient for a summative assessment and training a simulated 
patient for a formative assessment. Before any training can 
begin, it is important to determine if the case is for evalua-
tion (i.e., summative assessment) or for education (i.e., for-
mative assessment). The goal in a summative assessment is 
to train the standardized patient with a focus in standardiza-
tion and the ability to give structured feedback. Standardized 
patients must display symptoms in a consistent, sequential, 
and unchanging manner for multiple learners. In summative 
assessments, standardized patient performance is not about 
creativity. It is about consistency. All learners involved in 
the case must be presented with the same information with 
minimal or no variation [13]. If the simulation is designed 
to evaluate specific clinical objectives, standardization is 
a must. Intense training will be required for the standard-
ized patients to systematically perform the same case for all 
learners [2].

On the contrary, if the simulation is purely for education 
and is considered a formative assessment, then standard-
ization and consistency are secondary to the development 
of an authentic role where simulated patients can interact 
with learners in a realistic and unscripted manner. These 
types of educational scenarios require a significant amount 
of background information and social history in order for 
the simulated patient to develop his or her character [13]. 
The authenticity and believability of the performance is 
most important in training simulated patients. This does 
not mean that simulated patients choose the direction of the 
scenario. Some consistency and scripting are required to 
be sure that the scenario unfolds in a similar way for each 
learner.

Training Standardized Patients

True standardized patient training requires structured and 
specific training [7, 9, 12, 16, 17]. Wallace suggests a train-
ing model of four training sessions and one practice session 
in order for a standardized patient to deliver a consistent and 
effective simulation encounter with structured feedback [7]. 
If standardized patients work in high-stakes clinical exams, 
authentic and precise performances are required [2]. De-
pending on the complexity of the case and the amount of 
documentation and feedback required, training a standard-
ized patient for a summative high-stakes assessment can take 
between 10 and 20 h [12]. Standardized patients can only be 
consistently accurate if they are well trained, regularly moni-
tored, and given repeated feedback on their performance by 
a licensed clinician [7].

If multiple standardized patients are being trained to pres-
ent the same case, it is most effective to conduct group train-
ing [7, 12]. This can aid in standardization of the case and 
also allows the standardized patients to ask questions and 
learn from one another. It is also helpful to provide a video 
which emphasizes appropriate nonverbal behavior and emo-
tion. Giving explicit examples of good and poor learner per-
formances is beneficial for standardized patients when they 
are learning to give feedback [12].

If the summative assessment includes feedback delivered 
by the standardized patient, specific rater training is impera-
tive. Rater training should focus on observations, judgment, 
and proper documentation [12] and is necessary to enable 
the standardized patient to effectively give feedback [7]. If 
physical findings are part of the simulation, it is important 
that clinicians are involved to help train standardized pa-
tients on how to produce appropriate signs and symptoms. 
Clinicians should also be involved in the final practice ses-
sion before the standardized patient presents the case to the 
learners [16].
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A comprehensive discussion on how to recruit, select, and 
train standardized patients is beyond the scope of this chap-
ter. For more detailed information on recruiting and training 
standardized patients for summative assessments, please see 
Coaching Standardized Patients for Use in the Assessment 
of Clinical Competence [7] and Objective Structured Clini-
cal Examinations: 10 Steps to Planning and Implementing 
OSCEs and Other Standardized Patient Exercises [12].

Training Simulated Patients

When training simulated patients for formative assessments, 
typically, the authentic character and true-to-life reactions 
of the patient are more important than standardization. The 
focus of simulated patient training is on character develop-
ment and not necessarily scripted reproducibility. However, 
it is still important to determine the minimum level of consis-
tency required for the learner, and those elements can be em-
phasized during training [18]. For some simulation scenari-
os, variation in simulated patient performance will not derail 
the overall goal of the simulation, especially if the scenario 
is designed for formative assessment [2]. Zabar recommends 
a minimum of 2 h of training for a formative assessment, 
which may focus on content related to delivering bad news 
or engaging in difficult conversations [12]. Simulated patient 
training should focus on presenting a believable social his-
tory, accurate symptoms related to the case, and authentic 
reactions in order for learners to gain the most from the simu-
lation session. If the simulated patient encounter is part of 
a research study, it may be helpful to provide a template or 
script during training to help specify the role of the simulated 
patient. Cue cards or notes can also be provided for the simu-
lated patient to use during the scenario. Video recordings of 
appropriate behaviors and reactions, along with pilot ses-
sions, can also be beneficial for training simulated patients 
[19]. See Table 8.2 for a summary of considerations for train-
ing SPs for summative versus formative assessments.

Children as Standardized and Simulated Patients

While not an extremely common practice, children have 
been used as standardized patients and simulated patients for 
the past 20 years [20–26]. In 1995, Woodward conducted a 
focus group of seven children aged 6–18 who were routinely 
used as standardized patients to determine how the experi-
ence had affected them [20]. Parents were present during the 
focus group and were asked to allow the children to talk as 
much as possible. The mother of a 6-year-old who partici-
pated in the group said one emergency department simula-
tion had frightened her child because the child overheard 
discussions that she might die. Although her child reported 

that the simulation was fun and enjoyable, she had never 
thought about someone her age dying. Other young children 
in Woodward’s focus group reported needing additional time 
to sit and think before giving feedback to learners. After ana-
lyzing the results of the study, Woodward determined chil-
dren are at an increased risk than adolescents and adults of 
having negative effects following the experience of being a 
standardized patient.

Tsai conducted a review of the literature in 2004 to deter-
mine the extent to which children were being used as stan-
dardized patients and simulated patients. He concluded that 
successful child SP programs are limited because of ethical 
concerns; however, child SPs can be successful and effective 
for clinical assessment if careful attention is paid to selection 
and training [26].

In 2005, Brown reported using children as simulated 
patients for complex cases such as attention-deficit hyper-
activity disorder (ADHD), depression, and anorexia. Chil-
dren who were trained for these cases were recruited from 
local community theater or were children of medical fac-
ulty. Cases were designed by a psychologist, a standardized 
patient educator, and a psychiatrist. Children attended two 
training sessions, each of which was 90-min long. In the first 
training session, children were provided with the details of 
the case and an explanation of the medical signs and symp-
toms they were to display. In the second training session, 
children were able to practice being the patient. The children 
in this study were able to realistically interpret psychiatric 
disorders and were able to separate the activity as role-play-
ing. Brown concluded that child SPs can be a very effective 
tool for residents and medical students to learn communica-
tion skills surrounding pediatric psychiatric disorders [21].

Children can be used in some settings as unannounced 
SPs or simulated clients, but care must be taken to protect 

Table 8.2  Summary of considerations for training SPs for summative 
and formative assessments

Summative assessment 
(high-stakes evaluation)

Formative assess-
ment (educational 
experience)

Type of 
patient

Standardized patient Simulated patient

Goal of 
training

Standardization: scripted 
reproducibility with con-
sistent responses enabling 
every learner to receive the 
exact same experience

Authenticity: realistic 
responses enabling 
each learner to have 
an authentic encounter 
based on their actions

Length of 
training

10–20 h Minimum of 2 h

Elements 
of training

Detailed script of responses, 
rater training for checklists 
and feedback, clinician 
oversight of practice ses-
sions, video review, and 
pilot session

Description of role and 
character, cue cards, 
examples of authentic 
responses, video review, 
and pilot session
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children who participate in such experiences [25]. Children 
under the age of 15 have also been used as simulated patients 
in a pediatric decontamination drill [22]. This specific drill 
was deemed successful, but it was noted that the children 
needed constant supervision and assistance. When anecdotal 
records were reviewed, the children’s moods were described 
as happy (25 %), cooperative (80 %), consolable (35 %), 
fearful (15 %), and crying (10 %). The authors did not sug-
gest any strategies for dealing with children who were upset 
by participating in the simulation.

The most common recommendation among those who 
have used children as SPs is the importance of holding focus 
groups following a child SP encounter to determine the ef-
fect the simulation had on the child’s well-being [20, 21, 24, 
25]. It is also important for educators and simulation staff to 
have a process in place to monitor the effects of simulation 
on small children [20]. Children should be carefully selected, 
and the roles they are asked to play should be developmen-
tally appropriate. Any program involving child SPs should 
have adequately trained, licensed, and credentialed support 
staff to deal with children if sensitive issues arise because of 
the simulation experience [21]. It has also been recommend-
ed to only use children as SPs when absolutely necessary, 
paying careful attention to the number of hours that children 
are required to spend in a scenario [21, 26].

Adolescents as Standardized and Simulated 
Patients

Over the past 15 years, the use of adolescents as SPs has 
increased with respect to assessing clinicians’ ability to have 
effective conversations regarding depression, suicide risk, 
sexuality, birth control, and other mental health issues [10, 
27–37]. Similar to the utilization of child SPs, it is important 
to consider the psychological ramifications of using adoles-
cents as SPs. Some adolescents report difficulty in totally 
immersing themselves in the case when sensitive issues such 
as self-harm are involved [31]. If adolescents are unable to 
be totally immersed in the case, it is likely that learners will 
find the simulation to be unrealistic and unbelievable. For 
this reason, some simulation centers choose to use young 
adults to portray adolescent patients [30].

However, some centers have found adolescents as young 
as 13–15 years old to be able to be successfully trained to 
portray patients with medical illness and give feedback to 
clinicians following a simulation experience [27]. Several 
studies have also shown 16- to 18-year old SPs to be effec-
tive in cases involving oral contraceptives, pregnancy con-
cerns, and sexually transmitted diseases. Adolescent SPs of 
this age can be trained to give structured feedback and are 
able to do so, yet sometimes giving feedback to junior physi-
cians can be difficult [10, 37].

If true adolescents are going to be trained and used as 
SPs, careful considerations should be made when recruit-
ing, selecting, training, and debriefing the adolescents who 
take part in the simulation. It is necessary to determine why 
the adolescents are interested in portraying certain roles and 
also to be sure they are able to detach themselves from roles 
that could potentially cause psychological harm. Training for 
adolescent SPs should include developing coping strategies 
to get out of a role or out of character before debriefing. It 
is also important to remember that the context of the simula-
tion, including the behavior and attitude of the clinicians in 
the simulation, can have an effect on the standardized pa-
tient’s emotional well-being [36].

With good reason, some researchers have devoted much 
time studying the impact of playing a patient role on adoles-
cents’ emotional stress levels, with particular emphasis on 
depression and suicide contagion [32–34]. Suicide contagion 
refers to the association between an adolescent’s contact 
with a suicide stimulus and future risk of suicide attempts. 
Typically, suicide contagion is observed in vulnerable ado-
lescents within 2 weeks after contact with a suicide stimu-
lus [38]. Because of the reality of this phenomenon, specific 
screening is suggested for all adolescents before involving 
them in any scenario that deals with suicide risk or attempted 
suicide [32, 33]. If properly screened and trained, vulnerable 
adolescents are able to participate as standardized patients in 
scenarios dealing with suicide attempts. However, it is rec-
ommended that a mental health specialist participates in case 
writing and in SP training and debriefing [34]. These pre-
cautions can and should apply to all adolescent standardized 
patient training involving sensitive topics such as sexuality, 
depression, and self-harm.

Current Trends in Pediatric Simulation

The use of standardized patients and simulated patients in 
pediatric clerkships, pediatric residencies, and pediatric 
nursing has become quite common [13, 14, 21–24, 30, 31, 
35, 37, 39–47]. Whether SPs are used for objective struc-
tured clinical exams (OSCEs), group objective structured 
clinical exams (GOSCEs), communication scenarios, deliv-
ering bad news, or even hybrid simulations, the utilization 
of SPs has proven to be an effective means of educating pe-
diatric healthcare providers. In the field of pediatric anes-
thesiology, SPs have been used in simulations that focus on 
the disclosure of medical error, dealing with angry family 
members, limitations of care, and do not resuscitate deci-
sions [43]. Residents typically rate educational sessions with 
SPs as very effective in helping them to identify areas of 
improvement [5]. The use of SPs in simulations in addition 
to lectures was also found to be an effective tool for improv-
ing the management of chronic diseases such as asthma [48].
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Communication and Interpersonal Skills

Communication is a fundamental skill necessary for clinical 
competence. Communication skills should not be viewed as 
an optional skill set for clinicians but rather viewed as one 
of the four necessary components required for good clinical 
practice (i.e., knowledge, problem solving, physical exam, 
and communication) (see Chap. 23). These skills should be 
developed in clinicians and healthcare professionals just as 
diligently as assessment skills, physical examination skills, 
and medical management skills. Good communication re-
quires practice since it is often more complex than basic pro-
cedural skills [17], and simulation centers have proven to be 
an ideal location for that practice to occur.

Simulated patients are increasingly being used in simula-
tion centers and by healthcare educators to focus on com-
munication and interpersonal skills [5, 17, 21, 37, 39, 40, 
43–49]. Simulated patients provide a safe learning environ-
ment where clinicians can practice verbal communication 
as well as nonverbal communication skills. Standardized 
patients can also be used to rate and give feedback to clini-
cians regarding their interpersonal and communication skills 
as long as expectations are clearly defined and appropriate 
rater training has taken place [17]. The use of standardized 
patients or simulated patients can also be beneficial in help-
ing clinicians to practice patient education skills.

Difficult Conversations

Over the past 10 years, SPs have been frequently utilized in 
pediatric resident education as a psychologically safe way 
to practice conveying difficult news [21, 37, 39, 43, 45–47, 
49]. Pediatric residents rotating in emergency medicine, an-
esthesiology, adolescent medicine, and general pediatrics are 
commonly interacting with SPs to practice communication 
skills related to sensitive discussions (e.g., oral contracep-
tives and sexuality) and delivering bad news. Practicing 
these types of conversations in the simulation center can help 
learners gain experience and confidence without practicing 
the skills on real patients [40]. Using an SP for these types of 
conversations allows for realistic reactions and feedback to 
clinicians on nonverbal skills and tone of voice. See Fig. 8.1 
for a list of case examples involving difficult conversations.

Hybrid Simulations

Hybrid simulations, including a high-fidelity mannequin and 
a simulated family member, are commonly used in pediat-
ric cases requiring clinical management of a patient as well 
as communication with a family member. Combining high-
fidelity mannequins and standardized patients or simulated 

patients provides an interactive method of simulation educa-
tion that has been shown to be effective in teaching pediatric 
residents and subspecialties. The use of hybrid simulations 
has been documented with pharmacy students, pharmacy 
residents, nursing students, pediatric residents, medical stu-
dents as well as hospital staff in a children’s hospital [9, 13, 
40, 50]. The primary benefit of a hybrid simulation is that 
it allows learners to perform basic clinical assessments and 
procedures on a mannequin while practicing their communi-
cation skills with an additional simulated patient or simulat-
ed family member, which is a more realistic parallel to what 
the learners will experience in their actual clinical practice 
in pediatrics. Incorporating simulated patients and simulated 
family members into high-fidelity simulation scenarios can 
also add an extra layer of complexity to the case and can 
increase the authenticity and applicability of the educational 
experience [9].

Figure 8.2 shows a hybrid simulation with a simulated 
patient who is portraying the mother of the infant manne-
quin. The case involves a bus accident where the mother and 
child are both injured. The mother is extremely anxious and 
is hesitant to allow the healthcare team to take the infant to 
begin their assessment. In this case, including a simulated 
patient as the mother provides for the expression of realis-
tic reactions and emotions while hospital staff work on the 
injured infant who is struggling to breathe and needs signifi-
cant airway management.

Hybrid simulations are also ideal for sensitive topics such 
as abuse, suicidal thinking, terminal illness, and sexuality 
that could potentially be upsetting if a child were to be used 

• Childhood or Adolescent Depression
• ADHD
• Oral Contraceptives
• Sexual History
• Suicide Risk
• Substance Abuse
• Non-Accidental Trauma
• Domestic Violence
• Disclosure of a Medical Error
• Angry Family Members
• Do not resuscitate/Do not intubate (DNR/DNI)
• Sudden Infant Death
• Traumatic Brain Injury
• Genetic Test Results
• Terminal Diagnosis
• Life-Altering Diagnosis
• Limitations of Care
• Painful Diagnostic Procedures
• Concerning Physical Exam
• Expected Death of a Child
• Post Cardiac Arrest

Fig. 8.1  Case examples involving difficult conversations
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as the simulated patient. With content of this nature, it can 
be effective to use a child mannequin and a simulated fam-
ily member to focus on difficult conversations with learners 
[40]. The use of simulated family members has become com-
mon practice in many hospital-based pediatric simulation 
centers. In April 2014, Boston Children’s Hospital reported 
incorporating simulated family members into a third of their 
mannequin-based scenarios [13].

Advantages and Challenges

There are several advantages to using SPs to train health-
care professionals, the main advantage being that SPs allow 
learners the opportunity to practice in a psychologically safe 
environment without encountering the risk of causing harm 
to a real patient. SPs provide a means for healthcare profes-
sionals to rehearse difficult conversations and try new ways 
of communicating with patients and their families. SPs can 
also be scheduled at the convenience of the learner and made 
available at certain points throughout a trainee’s program to 
help facilitate their learning goals. Standardized patients can 
be arranged for extended periods of time providing standard-
ized assessment and constructive feedback in addition to 
that of clinical faculty [9]. Both standardized patients and 
simulated patients can also provide specific insight into the 
nuances of the learner’s communication style such as body 
language, tone, and eye contact [17].

Expense and administrative time are among the many 
challenges of recruiting, training, and utilizing standardized 

patients and simulated patients. The entire process of sched-
uling and training requires significant allocation of resources 
including personnel, facilities, and finances [2]. Case de-
velopment time, as well as the time it takes for the case to 
be vetted by clinical faculty, can be a limitation [17]. Many 
simulation centers are functioning at their maximum capac-
ity, and hiring additional staff to schedule and train SPs can 
prove challenging. Management and leadership can also be 
a challenge for simulation programs [11]. It is important to 
consider who will oversee the program and how it will be 
funded.

Unannounced Standardized Patients

Unannounced SPs are standardized patients or simulated pa-
tients who are embedded into the regular clinic schedule or 
hospital ward and act as real patients. The goal of using unan-
nounced SPs is to gain an authentic assessment of a practitio-
ner who is unaware that the patient is simulated [9]. The use 
of unannounced SPs to assess pediatric resident competen-
cies is not very common. However, Ozuah and Resnik con-
ducted a study where unannounced SPs were used to assess 
the impact of an educational intervention on the ability of pe-
diatric residents to accurately classify asthma severity [35]. 
Rowe used six healthy children as unannounced SPs, also 
referred to as simulated clients, to assess healthcare worker 
practices during consultations in the country of Benin [25]. 
This study concluded that the use of unannounced SPs was 
effective for assessing healthcare workers’ performance of 
basic clinical tasks and decision-making.

Arranging for unannounced SPs requires a great deal of 
training and planning to protect the identity of the SP and to 
maintain the fidelity of the patient role. Unannounced SPs 
must be rigorously trained so they do not give away their 
identity during the actual clinic visit. When unannounced 
SPs are used, clinicians consent in advance and are not aware 
of when the actual encounter with the SP will occur. The 
biggest advantage of the unannounced SP is the ability to 
capture difficult conversations and clinical encounters with-
out having to consider the bias that might exist should the 
clinician know the patient is a simulated person [51].

Conclusions

It has been well established that the use of standardized pa-
tients and simulated patients is an effective educational tool 
as well as a best practice in teaching adults to become more 
effective communicators and clinicians [5]. However, the 
effective use of SPs in healthcare education requires care-
ful consideration. SP educators and simulation center staff 
should take the integration of standardized patients and 

Fig. 8.2  Hybrid simulation with simulated patient and infant manne-
quin. (Photo by Charlie Prince, used with permission)
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simulated patients into the curriculum very seriously. Stu-
dents and clinicians participating in summative assessment 
simulations with standardized patients can potentially face 
huge consequences for poor performance. Of similar impor-
tance, the authenticity of simulated patients in formative as-
sessments is critical if we are to expect learners to improve 
their communication and interpersonal skills. Although there 
are distinct challenges to using SPs in clinical education, the 
realism and authenticity they bring to the scenario is remark-
able and can have a significant positive impact on the quality 
of care offered by current and future clinicians.
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Simulation Pearls

1. Screen-based simulation (SBS) has inherent advantages 
of replicability, portability, asynchrony, distribution, and 
data tracking compared to most other forms of simula-
tion.

2. SBS has substantial up-front financial and labor costs, is 
less appropriate for team-based education, and has limi-
tations in its functional fidelity when compared to other 
forms of simulation.

3. SBS development requires early and continued collabo-
ration between programmers, designers, clinical subject 
matter experts, and experts in education.

Introduction

Screen-based simulation (SBS) in health care education is a 
form of simulation in which a clinical scenario with one or 
more patients is presented through a digital screen surface 
[1, 2]. As with other forms of simulation, SBS provides the 
learner with a cognitively realistic and experiential setting 
without danger of actual patient or population harm [3]. It 
is best used when instruction is required for a wide audi-
ence of learners separated by space and time and the learning 

objectives match a cognitive or psychomotor task that can 
be portrayed using simulation. Current technologies using 
flat-screen computers, wireless Internet, and mobile connec-
tivity, as well as access to tablets and smartphones have cre-
ated a ready-made infrastructure for SBS that is not possible 
with mannequin-based simulation (MBS). Depending on 
the knowledge, skills, behaviors, and attitudes being taught 
through SBS, the type of SBS may vary.

Types of Screen-Based Simulation

Virtual Patients

Within SBS, there are many different types of simulations, 
each with unique features and capabilities. One of the most 
common types is Virtual Patients (VPs). VPs use a rendering 
of a single patient to replicate a physician–patient encounter, 
often to teach and assess diagnostic skills. This method is 
favored by primary care specialties like pediatrics, and pe-
diatric subspecialties such as hospital pediatrics or pediatric 
emergency medicine, as it emphasizes data gathering skills 
and interaction with the patient or family [4]. Pediatric VPs 
are particularly useful in demonstrating rare or subtle find-
ings and pathologies that are otherwise difficult or unethical 
to convey in MBS or in real patients. National organizations 
such as the Committee for Student Education in Pediatrics 
(COMSEP) have coordinated interinstitutional collabora-
tives such as the Computer-assisted Learning in Pediatrics 
Program (CLIPP) cases, available to students at more than 
80 US institutions [5]. The more robust VP simulators allow 
for naturalistic conversations using a keyboard or even voice 
recognition. Image and case banks allow for the deliberate 
practice with feedback on large numbers of virtual cases [6].

A large systematic review of VPs identified 45 quantita-
tive, comparative studies and four qualitative studies [7, 8]. 
VPs as an educational intervention, in general, tend to have 
large effects in knowledge, clinical reasoning, and other 
skills when compared to no intervention; however, VPs have 
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not shown improved outcome measures compared to other 
modes of teaching such as traditional lectures [7].

Virtual Worlds

Virtual worlds (VWs) are different from VPs. VWs immerse 
the learner within a virtual world through a controllable ava-
tar and can present multiple patients, austere environments, 
and social interaction; Second Life is a common example [9, 
10]. VWs are typically portrayed on the screen and use prin-
ciples and technologies of virtual reality (VR). The ability to 
render three-dimensional graphics and rotate freely within 
the virtual space is now commonplace in many VW games 
and training programs and can be done on a screen. For ex-
ample, a pediatric disaster triage simulation that would focus 
on triaging many patients quickly rather than focusing on 
the details of one patient would be best represented in a 
VW format. At some institutions, including military, avia-
tion, and civilian simulation centers, VR technology has ad-
vanced such that a learner can be immersed within a large 
warehouse-like enclosure environment with multiple floor-
to-ceiling screens to provide a total immersive experience. 
Such a custom-designed physical space may not be neces-
sary using newer tools like Oculus Rift that instead use im-
mersive, personal VR [11].

Virtual Task Trainers

Surgical and procedural subspecialties tend to use virtual 
task trainers (VTs), which are distinct from other SBSs; these 
focus on developing hand–eye coordination and psychomo-
tor skills. Medical procedures that would normally use a 
screen—for example, laparoscopies, bronchoscopies—are 
commonly simulated using SBS and a haptic simulator, a 
handheld device that approximates the actual device used 
in the procedure. Haptic simulators are devices that simu-
late the weight, movement, and feel of handheld devices 
common in pediatric procedures and borrow principles and 
technologies from mannequins. Commercial procedural and 
surgical simulators are now widely available for a variety of 
procedures in adult and pediatric patients.

Resource Management Simulators Resource management 
simulators are a unique class of simulators often designed 
to demonstrate large population patterns; these simulations 
are used often at operational levels, by hospital or public 
health officials to simulate discrete events or mass casualty 
scenarios to look at municipal or global trends in resource 
allocation. Examples in pediatrics include disaster training, 
in which an entire ward, battlefield, or city ruins are por-
trayed in SBS. However, as panel management becomes 

increasingly relevant to primary care practitioners, resource 
management simulators could become more prevalent in 
pediatric education [12].

Advantages of Screen-Based Simulation

The inherent differences between SBS and MBS are found in 
its advantages and disadvantages. Notably, SBS has an edge 
over MBS because of five facets: replicability/standardiza-
tion, portability, asynchrony, distribution, and data tracking.

Replicability/Standardization

The first and foremost advantage of SBS is its replicabil-
ity or standardization. In MBS, a facilitator is running the 
simulation session. Although much of MBS can be pro-
grammed—for example, changing patient physiologies in 
response to correct and incorrect actions—the facilitator 
is free to change or add to the scenario depending on the 
learner needs and on other factors (e.g., not enough time). 
Facilitators, debriefers, and the course of MBS scenarios can 
vary from session to session, adding an element of variation 
when repeating MBS sessions across time or space. Often 
the variation is inconsequential, but it may mean differences 
in the way learners enjoy or learn from MBS. Controlling for 
variation between sessions in MBS is particularly trouble-
some in simulation-based research, as standardizing the sce-
narios is one of the requirements of preserving internal va-
lidity [13]. SBS, on the other hand, does not have problems 
with unintended variation.

Because the root of SBS is a digital coded program, it is 
inherently replicable. In other words, students using a virtual-
reality SBS on an iPad in California are using the same pro-
gram as those in Australia. Although the scenario may unfold 
differently depending on the user, the actual setup and SBS 
are identical, and the degree of variation can be controlled by 
the SBS developer as needed for training or for research. It 
is important to understand that despite this easy replicability 
and standardization, SBS is not used in isolation; SBS is inte-
grated within the educational context, curricular pathway, or 
the learning resources provided for the student. Institutional 
differences may have substantial effect even with the identi-
cal SBS because of different contexts [14].

Portability

In addition, SBS is portable. Given the ubiquity of smart 
phones, tablets, and computers, SBS can be brought to the 
learner to their own device with only a download or active 
Internet connection. Most SBSs require only electricity or 
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battery power, with no heavy mannequin parts to transport, 
repair, or safeguard, and no consumable parts that require 
replacing. Portability also refers to the lack of setup in SBS, 
particularly in contrast to complex high-fidelity MBS that 
often requires associated equipment and materials to create a 
highly realistic environment. Some higher-technology SBS 
requiring a large virtual space may require dedicated loca-
tions and dedicated VR equipment or haptic equipment, but 
the program itself on the screen is quite portable. SBS that 
only requires a tablet can be taken anywhere, allowing em-
ployees and healthcare workers to train and practice in the 
immediate healthcare arena or in the privacy of their own 
home. It can also be a useful training adjunct in areas of 
the world in which space is at a premium, for example, war 
zones or in commercial airplanes.

Asynchrony

Portability also leads to asynchrony, a major strength of SBS. 
Although just-in-time training and self-guided learning [15, 
16] requires some facilitator or instructor to supervise the 
training process, SBS-based education can be done at any 
time without a facilitator immediately available. Most learn-
ers are unable to create, run, and debrief MBS scenarios on 
their own—at least, effectively, using best practices that a 
simulation-trained facilitator can. Facilitation time can be 
costly in MBS. With SBS, however, much of the simulation 
can be done at the learner’s own discretion and time. Often, 
computer-based SBS and e-learning tend to occur during the 
evenings when personnel are sparse.

Distribution

Distribution also lies at the heart of the digital code of SBS. 
SBS can be distributed to large groups of people and devices 
across the world with a simple Internet connection or ex-
changing of disks, drives, and other solid-state media. With 
MBS, a scenario guide may be distributed, but multiple man-
nequins would be required. An Advanced Cardiac Life Sup-
port session using MBS cannot be distributed widely without 
incurring large costs for multiple mannequins, whereas an 
SBS-based session can be distributed to multiple devices in-
stantly using file sharing or even an application store.

Data Collection

Finally, SBS can facilitate live data collection that can be 
utilized for learning, assessment, or research purposes. For 
most MBS sessions, video recordings, audio recordings, and 
a complex array of sensors within the MBS can record learn-

er actions and errors well. All of these are naturally encom-
passed within the SBS programming, and a detailed score 
or report is much easier to derive than from MBS sessions. 
Some SBS can continuously collect data as the session is 
running (e.g., data such as latency—the time during which 
no active action is taking place). SBS is superior to MBS 
in collecting interaction data as long as its programming is 
designed to record that data; often, the decision on what not 
to track is more important than what to track, given the al-
most infinite possibilities within the software. Data about the 
learner is a trickier problem, but heart rate monitors [17], 
gaze-tracking software [18], and other add-ons allow data 
collection about the learner specifically. Even metadata such 
as how often and for how long a user participated within an 
SBS can be automatically collected.

Disadvantages of Screen-Based Simulation

However, the problems with SBS are not trivial, and the 
aforementioned advantages do not mean that all simulation 
scenarios should use SBS rather than MBS. The three most 
significant problems: high front-end costs, technological 
limitations, and screen limitations and fidelity, are detailed 
here.

High Front-End Costs

SBS are not trivial, and the aforementioned advantages do 
not mean that all simulation scenarios should use SBS rather 
than MBS. The three most significant problems are detailed 
here. SBS has much higher front-end costs and development 
time. Although MBS requires the actual mannequin, once 
the mannequin and equipment are procured, a low-fidelity 
scenario can be led by a skilled facilitator quickly. With SBS, 
without completing all of the design, development, piloting, 
and distribution, there is nothing to work with at all. Skilled 
facilitators can manage a scenario with missing equipment 
or occasional glitches with a mannequin simulator. For SBS, 
the core programming must be completed before use. Fur-
thermore, as the technology to provide greater fidelity and 
realism is available to programmers, the skill level and staff 
needed to develop an SBS from scratch is prohibitive to 
those who do not have a background in coding or game de-
velopment. Educators, teachers, and researchers must work 
with programmers and software developers to get through 
this first bar, which leads to large front-end costs. The high-
est proportion of this cost is usually programming or graphic 
design labor, with a smaller proportion on physical server 
space, distribution plans, and subject matter expert (SME) 
fees. Keep in mind that all of the advantages listed above 
depend on the programming; appropriate data collection in 
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an analyzable form to an instructor or a researcher requires 
considerable preparation and programming. Often this high 
cost of admission is enough to dissuade many SBS-based 
projects. Furthermore, high front-end costs also mean that a 
developer that undertakes the SBS development also takes 
on much of the time costs. Most developers or firms are in-
terested in recouping costs in the commercial application and 
development of SBS products. Early alignment between the 
healthcare workforce, educator, and researcher interests with 
the developers and programmers is necessary to get past this 
obstacle.

Technological Limitations

As with all computing technology, the occasional technical 
problem is inevitable. This can have mild effects during MBS 
but can single-handedly shut down SBS. Technical problems 
are particularly prone in synchronous SBS, when multiple 
learners are present from different geographic locales. When 
it works, the SBS is extremely powerful. However, one is de-
pendent on appropriate power, stable Internet bandwidth and 
connectivity, adequate processing speeds on all devices, and 
all audiovisual add-ons and hardware working cross-plat-
form. SBS requires considering different devices, operating 
systems, and input methods. Even well-funded massive mul-
tiplayer online role-playing games such as World of Warcraft 
require a minimum set of resources and requirements for a 
pleasant playing experience, and most SBS development has 
a fraction of the funding and support staff to maintain that 
atmosphere. Therefore, SBS needs some level of back-up or 
contingency plan to rapidly fix unanticipated issues in ex-
ecution.

Screen Limitations and Fidelity

Finally, we come to the inherent limitation of the screen in 
SBS. The use of a two-dimensional screen means SBS must 
work harder to match the functional fidelity that can be rep-
licated by MBS. This is in contrast to physical fidelity, de-
fined as the raw audiovisual realism that SBS can do quite 
well—with well-financed programming. Functional fidelity, 
also termed functional task alignment [19], is arguably the 
most important for SBS [19–21]. Functional fidelity refers to 
the realism of outputs in response to inputs as part of cogni-
tive fidelity—does the method of interaction feel authentic 
[21,22]? There are some that argue that functional fidelity is 
more important for learning in MBS than physical fidelity; 
this is likely true with SBS [21, 23].

Because SBS is experiential learning, the learner must 
experience the SBS in as natural and logical a context to the 
real setting [24]. For example, suppose a colonoscopy simu-

lator has rich graphics that looks exactly like a real patient’s 
colon, there may even be a timer and audiovisual cues to im-
prove psychological fidelity and engagement. Psychological 
fidelity is the immersive property of the simulation to invoke 
realistic emotions from the participant—anxiety, relief, or a 
sense of challenge. But if the simulator does not simulate 
the haptic or visual feedback of bumping into and stretch-
ing a colonic wall, the SBS feels fake. Devices portrayed by 
VTs should function like real colonoscopes, bronchoscopes, 
and laryngoscopes; if a scope bumps into a colon wall, there 
should be consequences: the tactile feedback to the learner, 
perhaps bleeding, and even a negative score [25]. Without 
this fidelity, learners could easily learn incorrect psychomo-
tor habits. SBS has an inherent barrier to functional fidel-
ity—the two-dimensional screen—and psychomotor func-
tions, particularly for VTs, feel awkward and unrealistic 
when simple gestures on a tablet or keyboard entries do not 
match what is done in reality. As a result, SBS for psycho-
motor tasks often use haptic devices that simulate the feel, 
weight, and function of the handheld device.

Therefore, the limitations on functional fidelity for SBS 
is high enough that certain applications such as psychomotor 
skills requiring three-dimensional tactile skills (e.g., palpat-
ing a vein) are more realistically constructed using MBS. 
When an activity inherently requires a screen—a cardiopul-
monary monitor, a laparoscopy monitor, a simulated tele-
medicine encounter—this limitation is minimized, since the 
screen is the actual device. When scenarios require signifi-
cant team communication using both verbal and nonverbal 
cues, SBS can be a poorer construct than MBS. Scenarios 
requiring rapid, successive actions on a patient can be very 
difficult to convey if a complex array of menus and options 
is the featured user interface of the SBS. Even when learners 
prefer menus, it has minimal functional fidelity to the real-
world setting [7]. Similarly, the concepts of team-based care 
are difficult to convey through SBS. SBSs that use multiple 
learners do exist; they require a level of collaboration to di-
agnose or treat a VP successfully [7]. However, the interac-
tions afforded by the SBS and online technologies do not yet 
match the realities of how the majority of healthcare teams 
behave.

Screen-Based Simulation and Ideal Uses

That being said, SBS is more efficient than MBS for the 
following: screen-based task trainers, long narrative-based 
scenarios, and mass casualty or large resource-management 
scenarios. Screen-based task trainers are uniquely fit to use 
simulation that replicates the screen, as mentioned earlier. 
Narratives and storylines are particularly germane to SBS 
and the video game world [26] and is more poorly defined 
in a MBS session. This may mean a series of different en-
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counters with a growing patient avatar for a primary care 
practitioner—which would require multiple different man-
nequins if using MBS—and encounters in which patient–
provider communication is replicated using powerful speech 
engines and computerized facial expressions. For mass ca-
sualties or resource-management scenarios, SBS is ideal as 
the addition of another patient has minimal resource require-
ments whereas running a mass casualty scenario using MBS 
is very costly, and using human volunteers can be cost- or 
time-prohibitive. Resource-management scenarios require a 
more macro view of a clinic, ward, hospital, or city, which is 
almost impossible to simulate effectively using MBS.

Selected Examples of Screen-Based Simulation 
in the Medical Literature

Virtual Patients VPs are often used with medical students 
and in other disciplines in which communication and differ-
ential diagnoses are prevalent topics (Fig. 9.1). Psychiatric 
residents have demonstrated diagnostic skills using VPs por-
traying psychiatric disease and a system to navigate through 
history-taking and branching custom conversations [27, 28]. 
Even in the early 2000s, VPs with voice recognition were 

Fig. 9.1  Screenshot of a 
virtual patient encounter in 
a two-dimensional manner 
patient simulator. (Courtesy of 
BreakAway, Ltd., Hunt Valley, 
Maryland, USA. Reproduced 
with permission)

 

successfully used to teach and assess communication skills 
[29]. We anticipate improvements in the ability of VPs to 
simulate nuanced emotional responses and recognize users' 
facial gestures that could further SBS in this arena. In the 
physical exam portrayals, VPs can portray limited exam find-
ings for disaster triage [30]—which requires very minimal 
information—to more complex emergency medicine diag-
noses [31]. A very realistic VP was developed simulating 
obesity's effects on respiratory physiology; anesthesiology 
residents correctly diagnosed obstructive sleep apnea more 
often with VPs than with hired standardized patient actors 
who otherwise provided identical histories [32]. In this way, 
SBS was able to better simulate a needed exam finding that 
was unethical or uncomfortable (i.e., unable to be done any 
other way); as a result, VPs can reinforce and even assess the 
learner’s ability to come to diagnoses and management plans.

Virtual Worlds VWs in the twenty-first-century literature 
often use Second Life (Linden Lab, San Francisco, CA) or 
other similar three-dimensional avatar software in which the 
learner can move freely in a virtual environment to inter-
act with other avatars. This SBS lends itself to having live 
instructors within the environment that can give customized 
feedback and coaching. Second Life was used for emergency 
medicine residents to practice mock oral boards skills in a 
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less-threatening setting, ideal for the generation of residents 
accustomed to this technology [9]. The literature supports 
the use of live communication in SBS as a method to draw 
out those who would otherwise be silent or introverted in 
live conversation [33]. VWs are extensively used in tactical 
military teaching as well, where this live coaching has been 
demonstrated as a method of deliberate practice [34]. Live 
instructors play actual combat soldiers (on either side) to 
provide guidance or additional challenge as needed. In par-
ticular, their exercise emphasized communication skills in 
an austere environment, and the live coaching technique can 
be replicated to many different healthcare scenarios in which 
teamwork communication is vital.

Virtual Task Trainers Evaluations of VTs are numerous. 
Most are attempts to validate a particular SBS VT with 
advanced haptic devices that operate in a similar manner to 
real instruments [25, 35–39] or to provide feasibility data 
on lower-cost VTs without a screen (e.g., box trainers) [40] 
(Fig. 9.2). We highlight a few studies exemplifying best 
educational practices. Improved effects have been demon-
strated using a deliberate practice model in internal medicine 
residents [35]. Deliberate practice is a learning method par-
ticularly favored for psychomotor skills [41, 42] and proce-
dures [43, 44], and it lends itself to simulation as learners are 
required to continually practice until a set level of mastery is 
achieved [43, 45, 46]. The video game concept of incremen-
tal challenge has been used in colonoscopy SBS [47, 48], in 
which progressively more difficult colon anatomical models 
are presented. As expected from the study, more expert colo-
noscopists performed better on the most difficult model [25] 
though data on serial improvements from the novices were 
not presented. The success of VTs as a SBS for healthcare 
professionals lies not only in the physical fidelity afforded 
by excellent graphics but also in the method in which learn-

ers are given formative and summative debriefing while 
using instructional concepts such as deliberate practice and 
incremental challenge (see Table 9.1).

Development of Screen-Based Simulation

When planning to develop an SBS, the scope of a project, 
including budgetary issues, the intended learner audience, 
specific learning objectives and implementation should all 
be taken into consideration. A careful evaluation of these 
factors prior to the start of development will help to ensure 
that educational objectives will be met and done so in the 
most cost-effective manner. Depending on the project’s com-
plexity, the time, personnel, and financial costs to develop 
a screen-based or virtual simulator will vary greatly. For 
example, an e-learning platform for simple factual knowl-
edge will typically require less time, technical expertise, and 
money compared to a project to develop a serious game de-
signed to teach procedural knowledge and higher-order rea-
soning skills.

At minimum, a SME that provides a clinical perspective 
on the fidelity and realism of the VP and interaction is re-
quired. This may be the primary case author for academic 
physicians, but it may be one or more clinicians brought in 
for clinical expertise. For example, a VP case of multiple 
children in wartime climate may require an SME in pediat-
rics, global medicine, and military medicine.

Excellent guidelines for developing VP cases have been 
published [50, 51]. In addition, an international consortium, 
MedBiquitous, provides guidelines on VP authoring that al-
lows for more uniformity, simpler access, and distribution 
[52]. The development process is typically broken down into 
three phases: (1) preparation, (2) design and development, 
and (3) implementation.

Fig. 9.2  Screenshot of a virtual 
task trainer. It depicts a virtual 
intubation device for infants and 
allows the user to grip an actual 
handle much like a laryngoscope 
would be gripped for intubation. 
(Used with permission of Marc 
Auerbach, Yale University, New 
Haven, Connecticut, USA, and 
mySmartSimulations, Inc.)
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Preparation

During the preparation phase, the specific learning objec-
tives and target audience are defined. Costs can be cut signif-
icantly by exploring existing VPs or infrastructure that may 
reduce additional programming (i.e., code reuse) and still 
meet the learning objectives. In addition, during the prepara-
tion phase, technologic capabilities for the target audience 
are assessed. Some control or at least knowledge regarding 
the type of computer or mobile hardware, operating system, 
web browser software (including plug-ins), and connection 
access speed is mandatory.

There are a growing number of authoring applications 
available to medical educators interested in authoring VP 
cases [53]. Factors to consider when selecting a case author-
ing application include (a) whether the user interface is intui-
tive and functional; (b) what functionality is available to the 
author, and whether the feature sets included in the authoring 
application permit integration of content, media, documents 
and hyperlinks, design templates, and further complexity; (c) 
whether the application can integrate assessment, feedback, 
and data tracking to case completion; (d) how much the au-
thor controls participation, collaboration, and interactivity; 
(e) how easily it allows design and modification of the in-
terface; and (f) whether the underlying system structure is 
robust and extensible.

Table 9.1  Selected examples of screen-based simulation genres
Genre Manuscript author Synopsis
Virtual patient Surgical patient evaluation This feasibility study demonstrated how life-sized VPs provided 

teaching context for communication skills Stevens [29]
Obesity and OSA OSA was diagnosed more correctly in VPs than in standardized 

patients due to portrayed obesity Wendling [32]
Psychiatric evaluation Communication skills in nuanced fields such as psychiatry are 

 feasible compared to standardized patients Williams [28]
 Pataki [27]
Emergency room patient evaluation Subjects in a virtual trauma ED with live communication improved 

team skills similarly to subjects in mannequin-based simulation drills Youngblood [31]
Disaster triage algorithm VPs in large-scale disaster scenarios did not demonstrate learning 

effect Andreatta [30]
Virtual world Diabetes education in Second Life Physicians enjoyed the novelty of learning diabetes care from 

 colleagues in Second Life Wiecha [10]
Mock oral board examination in second life Mock oral exams in Second Life were preferred over traditional mock 

oral exams by residents Schwaab [9]
Military tactical operations Debriefers who participate in VWs with students enhance the coach-

ing cycle during debriefing Alklind Taylor [34]
Virtual task trainer Bronchoscopy Competency on bronchoscopy was similar in VT-trained junior resi-

dents and senior residents. Davoudi et al. demonstrate reliability and 
validity of a bronchoscopy VT assessment tool

 Blum [36]
 Davoudi [38]
Colonoscopy The GI Mentor II and Olympus simulators both have discriminant 

validity in colonoscopy. Simulator practice improved clinical skill 
over no simulator practice

 Fayez [25]
 Koch [37]
 Cohen [48]
Laparoscopy The LapMentor improves basic animate skills over no training. Pro-

cedicus MIST improves technical skills differently than a low-fidelity 
box simulator

 Andreatta [39]
 Tanoue [40]
Endoscopy GI Mentor training improved clinical skill over no simulator practice
 Ferlitsch [35]
Percutaneous spinal fixation Virtual needle insertion improves second attempt but no control group
 Luciano [49]

VP virtual patient, OSA obstructive sleep apnea, ED emergency department, VW virtual world, VT virtual task trainer
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Design and Development

During the design and development phase, a pedagogical 
model is selected on the basis of the goals of the project and 
how use of the VP will be incorporated into existing edu-
cational curricula. Examples of pedagogical models include 
solitary open learning, a structured linear learning style, or 
formation of learning communities [54]. The use of pediat-
ric patients instead of adult patients should not necessarily 
change the pedagogical model, as the model is reflective of 
the interactions of the learner with the SBS. Once a peda-
gogical model is chosen, the narrative for the story, rules 
and expectations for the learner, and how feedback will be 
provided are then developed. During case development, the 
author should:
1. Determine case content and choose a flow model: The 

case content should be appropriate for the level of the 
intended learner. The design model can be linear, explor-
atory, or branching.

2. Organize and storyboard the case before starting: The 
specific stages and the connections between each stage 
are determined a priori. Storyboarding allows both the ed-
ucator and programmer a visual framework within which 
to develop the SBS.

3. Manage case complexity and match it to the case objec-
tives: Authors should ensure that the case complexity is 
customized and appropriate for the target learners.

4. Include assessment and feedback: Depending upon the 
type of VP being developed and the level of learners, 
feedback may be provided during the case in real time or 
may only occur at the completion of the case.

5. Support an individualized approach to learning: Authors 
can support individualized learning by permitting learner 
control over components of the case environment, as ap-
propriate to the case’s learning objectives, by allowing 
learners to self-pace, make active choices, and preview 
and review at their discretion.

6. Maximize interactivity: Interactivity increases engage-
ment, heightening a learner’s sense of participation, 
which in turn can facilitate the meaningful learning that is 
associated with active cognitive processing.

7. Make navigation easy: Intuitive and logical site naviga-
tion permits the learner to focus on the narrative content, 
associated learning objectives, and effective exploration 
of the clinical scenario. Even rich, compelling and rel-
evant cases can be undone by confusing and obtuse user 
interfaces.

8. Pilot test the case: When enough of the case content is 
developed, the author should pilot test the case on several 
representative learners. Frameworks for assessing VR, 
such as the one developed by Moreno-Ger, can be used 
for formal end-user testing [55]. These frameworks take 
into consideration both content and user-interface issues.

Implementation

During the preparation and design phases, initial consid-
eration regarding how the VP will be implemented and in-
corporated into existing training curricula should be given. 
Once the VP has been developed, the implementation phase 
takes place. It is important to note that a VP’s relative nov-
elty can attract students initially but wanes unless a strong 
perception of value is established from the first case onward. 
Educational value comes from having a high-quality engag-
ing case that achieves its learning outcomes. To this end, an 
effective VP should tell a compelling story with valid clini-
cal events that occur in response to the learner’s decisions. 
Authors should refine their cases based on testing prior to 
release and from observing student’s reactions and perfor-
mances after implementation [14].

Creating a high-quality VP is a significant scholarly ac-
tivity; therefore, academicians should consider peer review 
publication in MedEdPortal (http://www.mededportal.org/) 
through the American Academy of Medical Colleges and 
sharing the case using the MedBiquitous VP (MVP) data 
standard (www.medbiq.org) [52]. A VP authoring program 
can facilitate this process by exporting the case using this in-
ternational ANSI-approved standard (www.ansi.org) which 
then can be imported into any MVP-compliant VP software 
application for reuse and repurposing.

Conclusion Screen-based Simulation has unique advan-
tages and challenges compared to other forms of simulation 
and its different forms should be approached in the context 
of larger educational or training goal and objectives. A close 
working relationship with programmers and educators is 
essential for successful design, development, and implemen-
tation of SBS.
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Simulation Pearls 

1. Level of fidelity should target the educational needs guid-
ed by the training objectives of the program. Ask yourself 
three questions: (1) What are your educational needs? (2) 
How does the fidelity relate to the needs? (3) What is the 
optimal combination of simulation tools and technologies 
to meet these needs?

2. Part task trainers can be used to teach novices basic psy-
chomotor skills and can allow experts to maintain more 
advanced skills.

3. Having a case facilitator and/or having visual cues pre-
pared to prompt the learners can help overcome limita-
tions inherent to all mannequins.

4. Although extremely effective, hybrid models are time- 
and cost-consuming, thus should only be used if they will 
enhance the learners’ educational objectives.

Introduction

Mannequin-based simulators were first developed in the 
1960s [1]. Over the past few decades, their design has un-
dergone tremendous change and the models available today, 
including pediatric models, offer specialized functions with 
compact control systems and increasingly smaller physical 
footprints with greater flexibility. Compared to desktop or 
screen-based simulations, these computerized, mannequin-
based simulators offer the advantage of recreating a realis-
tic patient for use within a realistic simulated environment. 
Also referred to as high-fidelity simulators, they are capable 
of recreating a wide variety of human functions. These in-
clude physical examination findings such as heart and lung 
sounds, as well as physiological parameters, such as changes 
in respiratory rate or heart rate. Mannequin-based simulators 
offer both instructors and participants real-time display of 
electronically monitored physiological parameters. Opera-
tors have the capacity to pre-program simulation scenarios 
and modify a range of parameters in response to changes in 
the patient’s clinical condition as well as participant inter-
ventions. By programming effectively and adjusting the in-
puts to the mannequin and to the environment, the operator is 
able to maximize the realism of the interaction, and contrib-
ute positively to the learner experience, as well as optimize 
the simulator’s use as a research and assessment tool. Inva-
sive procedures, such as inserting a catheter for intravenous 
access, performing endotracheal intubation, or defibrillating 
a patient in cardiac arrest, can all be practiced, depending 
on the type of mannequin. Mannequin-based simulators can 
be used in a dedicated simulation facility or transported to a 
specific clinical setting, such as a clinic, a ward, or an emer-
gency department room, based on the resource availability 
and learner needs and numbers.

Key differences exist between pediatric and adult man-
nequin, reflecting the real-life distinctions seen between 
pediatric and adult patients. Some of these differences are 
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anatomical, some are physiological and based on underlying 
medical conditions, while others are based on responses to 
treatments. This chapter will explore, compare and contrast 
(where possible) the various task trainers and whole body 
mannequins available in the market today. Finally, the chap-
ter will explore the programming of whole body mannequins 
and highlight how the understanding of both the features and 
limitations of the current generation of simulation manne-
quins is essential to create and deliver clinically authentic 
and realistic scenarios that will help with simulation educa-
tion delivery.

Fidelity/Realism

In simulation-based education, fidelity can be classified 
into three types: semantical (or conceptual), emotional (or 
 phenomenal), and physical [2]. Semantical or conceptual 
fidelity concerns concepts such as information presented 
via text, pictures, sounds, or progression in clinical events. 
For example, a scenario can be conceptually realistic if the 
information given is interpretable regardless if it is lacking 
physical realism and if the clinical progression is consistent 
with what would be experienced with a real patient (e.g., in 
a patient with hypovolemic shock, the heart rate improves 
after a fluid bolus is given). Emotional or phenomenal fidel-
ity includes emotions or beliefs that learners directly experi-
ence when emerged in a situation. This is an important issue 
in simulation because it describes the different elements of 
the experience such as complex real-time situation and an 
educational experience resembling a real situation [2].

Physical fidelity classically refers to the degree to which 
a simulator looks, feels, and acts like a human patient. The 
definition of physical fidelity has a tendency to emphasize 
technical and physical advances over pedagogical principles 
and objectives. Although some studies report that training 
with realistic mannequins improves clinical performance 
[3, 4], several studies have demonstrated that the degree of 
physical fidelity is independent of educational effectiveness 
[5, 6]. Nevertheless, trainees do report increased satisfaction 
with more realistic high physical fidelity mannequins [7]. 
However, fidelity should not just refer to the physical resem-
blance of the simulator but should consider the functional 
aspect of fidelity, that is, the degree to which learners are 
required to use the same performance strategies and compe-
tencies in the simulation and in the real clinical environment 
[8]. As such, simulation should not be simply considered 
high or low fidelity.

It is not uncommon for practitioners to simplify fidelity 
into a one-dimensional construct that results in categoriza-
tion on a continuum from low to high. However, a one-di-
mensional conceptualization of fidelity can be misleading 

when trying to select appropriate simulators for a given train-
ing need. A simulation that has the look and feel of the real 
world is often considered high fidelity, when in fact only one 
dimension of overall fidelity (i.e., physical fidelity) is high. 
A simulation can replicate the outward appearance of the op-
erational environment (e.g., an operating room, OR) quite 
effectively yet still be ineffective at helping learners meet the 
training goals. Ultimately, the focus should be to match the 
various types of simulation fidelity to best meet educational 
targets (Fig. 10.1). For example, team training involves high 
emotional, high conceptual, and high physical fidelity. Pa-
tient assessment will target high conceptual and physical fi-
delity. In communication training, the focus will be on high 
conceptual and emotional fidelity. Keeping in mind the fol-
lowing questions is mandatory when considering fidelity op-
tions for a simulation: What are the educational needs of the 
learner group, and what are the educational objectives of the 
session? What level of fidelity is required to best meet those 
needs? What is the best combination of simulation tools and 
technologies available to achieve that level of fidelity and 
meet the aforementioned needs [9]? Figures 10.2 and 10.3 
illustrate an example of the choice of simulation modalities 
according to educational objectives.

The term Human Factors (HF) represents a set of physical 
and psychological characteristics that are needed to success-
fully match humans to equipment and systems. It integrates 
technology, policies, processes and environment, training, 
skills, and experiences of the personnel involved in the 
simulation. HF tools originating in aviation and other safety 
critical industries have been proven effective [11]. The latter 
are currently being applied effectively in health care because 
they may support fidelity decisions and design. Incorpo-
rating HF techniques into simulation-based education may 
lead to better decisions on appropriate use of fidelity. Many 
frameworks have been suggested to classify and understand 
elements of fidelity. A simple and common framework of HF 
called the PTE (Patient-Task-Environment; Fig. 10.4) is one 
example where after determining the learning objectives, 
educators can choose simulation elements within the PTE 
dimension for each stage of the scenario and match the ap-
propriate level of fidelity to target specific objectives within 
each stage. Systematically reviewing the training objective 
relevant to the simulation element and matching the element 
fidelity against the training objective will further guide edu-
cators to select the most appropriate level of fidelity to target 
educational needs.

A recent review examining key concepts and assumptions 
surrounding the topic of fidelity in simulation suggests that 
concepts such as transfer of learning, learner engagement, 
and suspension of disbelief are not only useful in explain-
ing educational effectiveness but also directly influence 
properties of the learning experience. The authors suggest 
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Fig. 10.2  Choosing a 3D 
training program best used to 
train knowledge of endotracheal 
intubation. (Photo courtesy of 
CAE Healthcare [10])

 

Fig. 10.1  Matching simulation fidelity to educational needs. (Photo courtesy of CAE Healthcare [10])
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abandoning the term fidelity in simulation-based education 
and replacing it with terms reflecting the underlying physi-
cal resemblance and functional task alignment. They also 
suggest shifting away from the current emphasis on physi-
cal resemblance to a focus on functional link between the 
simulator and the desired educational context. Finally, they 
recommend that educators focus on methods to enhance edu-
cational effectiveness such as principles of transfer of learn-
ing, learner engagement, and suspension of disbelief [12].

Pediatric Partial Task Trainers

When teaching a particular procedural skill, it may only be 
necessary to reproduce specific portions of the patient or 
task. Partialtask physical trainers replicate only a portion of 
a complete process or system [13], provide key elements of 
the procedure being learned, and allow learners to acquire 
the basic skills needed to accomplish the same task on real 

Fig. 10.4  PTE framework to 
choose simulation elements. PTE 
patient-task-environment. (Photo 
courtesy of CAE Healthcare 
[10])

 

Fig. 10.3  High-intensity team 
training best used to train for 
team skills during trauma intuba-
tion. (Photo courtesy of CAE 
Healthcare [10])
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patients (see Chap. 11). Some examples of homemade task 
trainers include using oranges to learn injection techniques 
or chicken bones to learn intraosseous line placement [14], 
among others. Commercially produced pediatric partial 
task trainers (PTTs), usually composed of plastic and rub-
ber allow the same procedural practice, albeit in a safe (and 
cleaner) environment. In contrast to whole body manne-
quins, they incorporate only the anatomical section required 
for a particular procedural skill. Hybrid simulations involve 
combining a PTT with a live standardized patient (SP) actor 
to help enhance the physical fidelity of the overall educa-
tional experience. Examples include partial task trainers for 
suturing lacerations consisting of a pad with a wound cut on 
the surface. Such a pad can be strapped onto the arm of an 
SP and then draped appropriately. The learner not only has to 
perform the elements of suturing the wound but also has to 
do so while speaking to the patient, thus emulating a real-life 
situation (Fig. 10.5).

PTTs are a commonly utilized modality due to cost and 
size. They can be effectively used to teach novices the basics 
of psychomotor skills [15] and can allow experts to maintain 
and practice more advanced skills. Currently, a significant 
amount of PTTs are available or are in development. The fol-
lowing section will focus on various PTTs that are currently 
available on the market, divided into five categories:
1. Airway trainers
2. Vascular and intraosseous (IO) access trainers
3. Invasive torso-based task trainers (including lumbar 

puncture (LP) trainers, chest tube, and pericardiocentesis 
trainers)

4. Surgical task trainers
5. Miscellaneous trainers

Airway Trainers

Airway Management

Airway management skills demand a significant amount of 
practice in order to achieve competency standards [16–20]. 
Infant and child PTTs that realistically reproduce different 
parts of an anatomic airway allow for practicing basic and 
advanced airway management skills. They permit skill de-
velopment in bag-valve mask ventilation, placement of na-
sopharyngeal and oropharyngeal airways, and placement of 
endotracheal tubes (Fig. 10.6). Many studies have shown 
that trainees can develop responses to and skill in manage-
ment of emergency airway situations when practicing with 
airway trainers [16]. Furthermore, studies have also demon-
strated that recent tracheal intubation training is associated 
with immediate refresher training effectiveness and trainer 
outcome [17–20].

Airway trainers may have certain mechanical and visual 
limitations. For example, not all trainers allow for a good 
seal to practice effective bagging during ventilation. In other 
models, the tongue and the epiglottis may be semirigid in 
structure and are distinctly separated from the posterior phar-
ynx. The epiglottis is suspended anteriorly and superiorly 
away from the laryngeal inlet. Identifying laryngeal struc-
tures and controlling the tongue and epiglottis on an airway 
trainer may not represent a realistic clinical challenge. Along 
with the mechanical and visual limitations of airway trainers, 
most institutions provide trainees with practice on only one 
type of intubation trainer. This fosters a very limited under-
standing of anatomy and mechanical variation encountered 
in actual patients. Studies support the use of several types of 
airway trainers to enhance learning. [21, 22]

Fig. 10.6  Infant Airway Management Trainer. (Image used courtesy of 
Laerdal Medical [23])

 

Fig. 10.5  Partial task trainers for suturing lacerations.(From https://
web.mail.comcast.net/service/home/~/?id=176615&part=2.2&auth=co
&disp=i)

 

https://web.mail.comcast.net/service/home/~/?id=176615&part=2.2&auth=co&disp=i
https://web.mail.comcast.net/service/home/~/?id=176615&part=2.2&auth=co&disp=i
https://web.mail.comcast.net/service/home/~/?id=176615&part=2.2&auth=co&disp=i
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Adolescent, Child, and Infant Choking Mannequins
Some airway PTTs also offer opportunities to practice for-
eign body removal (Fig. 10.7). Some adolescent, child, 
and infant choking mannequins include a rib cage, xiphoid 
process, and jugular notch to provide anatomical reference 
points for the demonstration of proper hand placement for 
the technique inherent to the clearing of impacted airway 
foreign bodies. Each life-size head and upper torso allows 
practice of abdominal thrusts, chests thrusts, and back blows 
for clearing foreign body obstruction. When correct clear-
ing procedures are performed, the mannequin will expel the 
object causing the blockage. The choking objects provided 
make excellent practice of obstructions.

Cricothyrotomy and Tracheotomy Insertion and 
Care
PTTs have been developed for training in rescue airway 
skills such as cricothyrotomy and tracheotomy. Infant tra-
cheostomy trainers also provide an opportunity to teach 
basic tracheostomy care skills to patients and caregivers 
(Fig. 10.8). Procedures such as dressing changes, stoma 
cleansing, changing of tracheostomy tube, and tracheos-
tomy ties as well as cuff inflation can be performed on this 
infant trainer. These trainers have the advantage of filling 
lungs and stomach with fluid for realistic practice of tra-
cheostomy care and tracheal suctioning. They also allow 
for practice of various steps for tracheostomy insertion and 
care. However, they are limited in their ability to mimic 
human anatomy and tissues, but may be used to gain famil-
iarity with the different equipment available for percutane-
ous tracheostomy.

Cricothyrotomy trainers are designed for learning and 
practicing the technique of emergency cricothyrotomy. Pal-
pable landmarks include both the cricoid and thyroid car-
tilage. All landmarks are accurately placed and allow for a 
rapid procedure. As the airway passes completely through 
from top to bottom, the trachea in this simulator is replace-
able. This allows checking the stylet and obturator placement 
once the stab has been made. Complete with a full-size neck, 
ties can be used to hold the obturator in a secure position 
(Fig. 10.9). Advantages include the opportunities for trainees 
to practice various steps of a high-stakes procedure such as 
this one, as well as preparing necessary equipment manda-
tory to ensure a successful procedure. However, disadvan-
tages include variable realism and fixed anatomy specific to 
the model. Models cannot bleed and certain tissues may not 
feel realistic. In addition, because most emergent airways are 
done in patients who have altered anatomy (e.g., a patient 
with an expanding hematoma after undergoing branchial 
cyst resection, a teenager with massive trauma to the face or 
neck, a syndromic child with a short, fat, thick neck, etc.), 
these fixed models may not be the ideal method for training 
[26].

Vascular Access and Intraosseous Trainers

Venipuncture and Intravenous Catheter Insertion

Venipuncture PTTs are commonly used for training health-
care providers. Intravenous access arms come in differ-
ent colors, sizes, and depths of veins (Fig. 10.10). Not 
only do they allow for the procedures of venipuncture and 

Fig. 10.8  Infant tracheostomy trainer. (Photo courtesy of North Ameri-
can Strategy for Competitiveness (NASCO) [25])

 

Fig. 10.7  Adolescent, Child, and Infant Choking Mannequins. (Photo 
courtesy of Simulaids [24] Corporation)
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 intravenous catheter insertion, they also permit learners to 
practice the ancillary procedures of preparation, wearing 
gloves, and respecting sterility. Proper needle placement can 
be confirmed on these models by a flashback of simulated 
blood, as well as the possibility of infusing fluids and with-
drawing blood. These trainers allow for review of principles, 
skills and tools necessary for insertion, assessment, dressing 
care, securement and maintenance of vascular access devices 
in children. Disadvantages include minimal adhesion when 
placing dressings on certain models due to the nonstaining 
properties of the tissuelike material. Studies have shown 
improvements in peripheral intravenous vein placement and 
higher scores on knowledge examinations of pediatric house 
staff after simulated procedural skill training [27].

Central Venous Catheter Insertion
Central line PTTs are widely available, with some of the 
newer models allowing for the use of ultrasound in ultra-
sound-guided central venous catheter insertion. Pediatric 

models that are currently available include subclavian, inter-
nal jugular, and femoral veins (Fig. 10.11). Anatomic land-
marks can be palpated and identified. There is good evidence 
to support the positive impact of practicing these skills be-
fore experiencing similar procedures in clinical settings [28]. 
Studies have shown higher confidence levels and knowledge 
gain, and improved clinical performances of trainees after 

Fig. 10.9  Life/form® Cricothy-
rotomy Simulator Kit. (Photo 
courtesy of NASCO [25])

 

Fig. 10.11  VascularAccessChild. (Photo courtesy of Simulab Corpora-
tion [32])

 Fig. 10.10  Pediatric Multi-Venous IV Training Arm Kits (a, b). (Im-
ages courtesy of Laerdal Medical [23])
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simulated training with these task trainers [29, 30]. A recent 
study demonstrated how dissemination of a simulation-
based mastery learning intervention reduced central-line-
associated bloodstream infections [31].

Umbilical Venous Catheter Insertion
Neonatal trainers are available for the practice of umbilical 
venous and arterial line catherization (Fig. 10.12). These 
trainers offer an opportunity to practice blood withdrawal 
and fluid infusion. The lifelike umbilicus allows the repeat-
ed accessing of the umbilical vein, with proper placement 
verified by blood return. Advantages include flashback of 
simulated blood, and certain models can mimic the curves of 
the umbilical vein after it enters the body, making placement 
more realistic. However, in some models, the cord is secured 
poorly and thus does not adequately mimic placement in a 
newborn. Other models are limited in their ability to mimic 
the curves of the umbilical vein after it enters the body, rep-
resenting a more unrealistic placement.

Intraosseous Access Trainers
IO trainers are designed for teaching infant intraosseous in-
fusion techniques and permit both intraosseous needle inser-
tion and aspiration of simulated bone marrow (Fig. 10.13). 
IO access trainers can be used to train to competency as 
assessed by validated assessment instruments [33]. Advan-
tages include the ability to use either manual IO introducers 
or powered IO insertion devices such as guns or drills. How-
ever, some models offer only one size and do not provide 
flashback. In addition, current models do not allow external 
rotation of the hip to permit proper positioning. Most models 
do not allow practicing insertion in other sites other than the 
proximal tibia, such as proximal humerus, distal femur, and 
malleola.

Invasive Torso-Based Task Trainers

Chest Tube Placement (Tube Thoracostomy) and 
Pericardiocentesis

Many high-fidelity full-body mannequins offer the possibili-
ty of performing needle thoracostomy, chest tube placement, 
paracentesis, and even pericardiocentesis. However, there is 
the potential for increased wear and tear on the mannequins 
and likely an earlier need to replace the mannequin. Because 
of the high costs associated with high-fidelity full-body 
mannequins, specific PTTs are available to acquire neces-
sary skill and experience in performing the same procedures, 
as well as the ancillary concepts of setting up and maintain-
ing closed water-seal drainage systems. Many programs use 
torso-based surgical PTTs as part of pediatric emergency 
medicine, critical care, and surgery procedural skills training 
programs for needle and tube thoracostomy as well as peri-
cardiocentesis (Fig. 10.14). A recent study developed and 
validated an assessment tool for chest tube insertion compe-
tency (Tool for Assessing Chest Tube Insertion Competency; 
TACTIC) in children and identified areas where training 
is required for pediatric emergency physicians. They dem-
onstrated significant improvement in scores after targeted 
training, providing a way to document acquisition of skill, 
guide individualized teaching, and assist with the assessment 
of the adequacy of clinician training [34].

Limitations in using torso-based surgical PTTs for chest 
tube insertion (CTI) include gaps in the procedural fidelity 
of current training models and their insufficiency to support 
training of procedural mastery potentially leading to iatro-
genic complications associated with these procedures. A re-
cent study developed, piloted, and implemented a novel CTI 
bench model for usability by volunteer pediatric residents 

Fig. 10.13  Laerdal Intraosseous Trainer. (Image used courtesy of 
Laerdal Medical [23])

 

Fig. 10.12  Baby Umbi. (Photo courtesy of Laerdal Medical [23])
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and pediatric emergency fellows during training courses. 
Their study highlights the feasibility of creating homemade 
task trainer models to teach CTI skills [35].

Lumbar Puncture Trainers
Several infant and pediatric LP PTTs are available for prac-
tice of the LP technique (Figs. 10.15 and 10.16). Neonatal 
models can be positioned in lateral decubitus or upright po-
sition. They possess a realistic interchangeable spine with 
spinal cord that may be palpated for location of correct punc-
ture site. Simulated cerebrospinal fluid (CSF) may also be 
removed as part of the procedure. Pediatric models have soft 
and flexible body tissue resistance, which adds to the realism 
of the procedure. Puncture blocks can be quick and easy to 
replace. Successful LP is confirmed by the flow of simulated 
CSF. CSF pressure can also be measured with a manometer. 
The neonatal model also replicates the iliac crests and spi-
nous process for appropriate landmarking during the proce-
dure. There is evidence that the majority of pediatric interns 
at the start of residency have little experience, poor knowl-
edge, low confidence, and are not prepared to perform infant 

LPs [36]. A recent study demonstrated that a task-trainer-
based course improved the confidence and knowledge about 
infant LP procedure and that this confidence and knowledge 
can translate to actual clinical practice [37]. The LP tech-
nique in particular has been a target for medical education 
simulation research concerning knowledge transfer from a 
simulated setting to the real clinical setting [15]. A recent as-
sessment tool for LP procedure, objective structured assess-
ment of technical skills for neonatal LP (OSATS-LP), has 
recently been developed and has shown evidence of validity 
for the instrument. In addition, this tool may provide real-
time formative and summative feedback to improve resident 
skills and patient care [38].

Fig. 10.14  TraumaChild® 
(a, b). (Photos courtesy of 
 Simulab Corporation [32])

 

Fig. 10.16  Lumbar Puncture (LP) Simulator, Pediatric. (Photo cour-
tesy of Limbs and Things LTD [39])

 

Fig. 10.15  Lumbar Puncture (LP) Simulator, Neonatal—Baby Stap. 
(Image used courtesy of Laerdal Medical [23])
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Surgical Trainers

Many challenges are encountered during medical school 
training and in surgical residency, including limited opera-
tive exposure and a lack of autonomy (see Chap. 22). These 
issues may limit trainees’ opportunities to learn or apply 
technical skills intraoperatively or in the course of their sur-
gical rotations [40]. Hence, even students graduating from 
the same medical school may enter residency with differing 
levels of proficiency in knot tying, suturing, and handling of 
laparoscopic instruments [41, 42]. Simulation and structured 
preparatory skills sessions have emerged as interventions to 
standardize developing proficiency in basic surgical skills 
and serve as an adjunct to potentially limited intraoperative 
application [43, 44]. Because new surgical technologies in-
crease the number of skills, trainees are expected to acquire 
during residency, targeting early skill development by using 
simulation for surgical skills training and evaluation may aid 
in achieving the proficiency levels necessary to optimize pa-
tient care, operative experience, and skill refinement.

Suturing Trainers
The Deluxe Basic Open Surgical Skills Simulator shown in 
Fig. 10.17 is an example of suturing and knot tying trainer 
that consists of a specialized board and surgical skills devel-
opment platform offering trainees the opportunity to practice 
these procedures. Suture practice arms as well as trainers 
with vinyl skin over foam can be stitched and used to train 
laceration repair and incision. Other models replicate layers 
of the abdominal wall to teach layered opening and closing 
during laparotomy.

Laparoscopic Skills Box Trainers and Virtual Reality 
Laparoscopic Trainers
Training to proficiency with a laparoscopic simulator has re-
sulted in improving performance in the OR and has shown 
transferability of basic laparoscopic skills gained on a physi-
cal simulator to the OR, emphasizing the value of laparo-
scopic simulators for training purposes [45]. A recent system-
atic review strengthened the evidence that simulation-based 
training, as part of a structured program and incorporating 
predetermined proficiency levels, results in skills transfer 
to the operative setting [46]. In addition, laparoscopic box 
model training appears to improve technical skills compared 
with no training in trainees with no previous laparoscopic 
experience [47]. Both video-box model physical simulator 
and mirrored-box model physical simulators are available 
options. Figure 10.18 shows the Fundamentals of Laparo-
scopic Surgery (FLS) Trainer Box Simulator. The Laparo-
scopic Trainer Box facilitates the development of psychomo-
tor skills and dexterity required during the performance of 
basic laparoscopic surgery. Advantages include transferring, 
precision cutting, placement and securing of ligation loop, 
and simple suturing with intracorporeal- and extracorporeal 
knot. Targeted skills include eye–hand coordination and the 
ability to perform three-dimensional actions of organs being 
operated on using a two-dimensional screen as a guide. Eye–
hand coordination is improved by both visual feedback, by 
way of a screen, as well as tactile feedback that simulates 
the manipulation of organs and tissue. Various surgical tools 
or gloves are connected to motion sensors and haptic or tac-
tile feedback mechanisms where the user can physically feel 

Fig. 10.17  Deluxe Basic Open 
Surgical Skills Simulator. (Photo 
courtesy of SIMULAB Corpora-
tion [18])
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the difference in simulated tissue and organs. Virtual reality 
training appears to decrease the operating time and improve 
the operative performance of surgical trainees with limited 
laparoscopic experience when compared with no training or 
with box-trainer training [48].

Miscellaneous Trainers

Circumcision Trainer

Circumcision trainers have been developed for realistic 
training of this special procedure (Fig. 10.19). Trainees can 
improve their skills on the surgical removal of the foreskin 

Fig. 10.18  FLS trainer box 
simulator. (Fundamentals of 
Laparoscopic Surgery® (FLS) 
Program is owned by Society 
of American Gastrointestinal 
and Endoscopic Surgeons and 
American College of Surgeons. 
Used with permission)

 

Fig. 10.19  Infant circumci-
sion trainer. (Photo courtesy of 
NASCO [25])
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on the glans penis and can be used to demonstrate aftercare 
skills to parents and family members. Most trainers have 
the advantages of being designed for various circumcision 
methods such as Mogen clamp method, the Guillotine clamp 
method, the Gomco clamp method, the Plastibell method, 
the dorsal slit method, the forceps-guided method, and the 
sleeve circumcision. However, certain disadvantages include 
the fact that the glans is not fused to the foreskin as it is in 
reality, and so there is no sensation of ripping the foreskin 
from the glands. The trainer does not bleed and because it is 
not attached to a body, trainees will need to be reminded the 
importance of properly constraining the infant and provide 
necessary sedation.

Blood Pressure Trainers
Pediatric blood pressure (BP) arms are available for teaching 
the skill of BP acquisition. The model reproduces the arm 
of an 8-year-old child that can attach to the right shoulder 
of the mannequin away from the body for easy accessibil-
ity (Fig. 10.20). These trainers allow for practice listening 
to and distinguishing the different BP sounds. Korotkoff 
sounds may be synchronized with pulses, and systolic and 
diastolic pressure may be individually set and pulse strength 
depending on BP. However, BP will still respond appropri-
ately even if the student selects the wrong size cuff.

Cardiopulmonary Resuscitation Trainers
Many cardiopulmonary resuscitation (CPR) trainers have 
been developed to practice the skills of effective CPR by pro-
viding immediate feedback in various ways. These PTTs are 
widely used in both basic life support (BLS) and advanced 
life support (ALS) courses around the world (Figs. 10.21, 
10.22, and 10.23). Some trainers have built in real-time and 

Fig. 10.21  Little Junior CPR. CPR cardiopulmonary resuscitation 
(Image courtesy of Laerdal Medical [23])

 

Fig. 10.22  AED Little Anne. AED Automated external defibrillator 
(Image courtesy of Laerdal Medical [23])

 

Fig. 10.20  Blood pressure trainer. (Photo courtesy of NASCO [25])
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summative feedback on the quality of CPR (depth and rate), 
which has been shown to improve acquisition and retention 
of CPR skills. When purchasing CPR trainers, educators 
should verify that trainers are manufactured to allow com-
pressions to be provided to guideline-specific standards (i.e., 
does the trainer allow for compression of the chest to >5 cm 
for a child). Training on a mannequin that is not designed 
with guidelines in mind may have deleterious effects on skill 
acquisition. In addition, using CPR training in the form of 
rolling refreshers, a portable mannequin/defibrillator system 
with chest compression sensor providing automated correc-
tive feedback to optimize CPR skills, demonstrated benefit 
for improving skill acquisition and performance of CPR in 
simulated (and real) cardiac arrests. Indeed, more frequent 
refreshers resulted in significantly shorter times to achieve 
proficient CPR skills [49].

Adolescent Gynecology Task Trainers
Lifelike female pelvis task trainers are available for devel-
oping diagnostic skills in gynecological procedures and 
anatomical instruction (Fig. 10.24). These trainers permit 
learners to practice abdominal palpation, bimanual and rec-
tovaginal examination, and speculum insertion and removal. 
Certain models also provide practice for intrauterine device 
(IUD) insertion and removal, including uterine sounding. 
Elements of realism include viewing cervical normality and 
abnormality as well as normal and abnormal uteri. Fundus 
Skills and Assessment Task Trainer features the normal 
anatomy of the status-post or postpartum female abdomen 
designed for training fundus assessment and fundus skills. 
These trainers include female pelvis w/upper thighs, a firm 

and boggy fundus, as well as simulated blood. Physical real-
ism is highlighted by upper thighs articulating for position-
ing and realistic landmarks of the symphysis pubis as well 
as interchangeable uteri, either firm and well contracted or 
boggy.

Ear and Eye Exam Models
Innovative eye PTTs have been designed for fundoscopic ex-
amination using an ophthalmoscope. Various scenarios can 
be set up for trainees using combinations of pathology slides, 
as well as difference in both the retinal depth and pupil di-
ameter. Soft and supple material allows hands-on simulation 
of real examination procedures, such as raising the eyelid to 
achieve better visualization of the eye (Fig. 10.25). PTTs are 
also available for direct examination of the tympanic mem-
brane with an otoscope. The ear trainers also allow practice 
of the technique of foreign body removal (Fig. 10.26).

Fig. 10.25  Ophthalmologic Exam Trainer. (Photo courtesy of Kyoto 
Kagaku Co. Ltd. [50])

 

Fig. 10.24  Sim Gynnie. (Photo courtesy of NASCO [25])

 

Fig. 10.23  Baby Anne CPR. CPR cardiopulmonary resuscitation 
(Image courtesy of Laerdal Medical [23])
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Whole Body Simulators

A variety of whole body pediatric simulator models are cur-
rently present in health care. This section will be devoted to 
discussing the frequently used models and their various fea-
tures and capabilities. See figures for examples of the Infant 
Laerdal (Fig. 10.27), Toddler Gaumard (Fig. 10.28), Laerdal 
SimJunior (Fig. 10.29), Pediatric Gaumard (Fig. 10.30), and 
Pediatric CAE (Fig. 10.31) mannequins.

Features

In the following tables, the features of each commercially 
available pediatric simulator are divided into various catego-
ries: airway (Table 10.1), breathing (Table 10.2), circulation 
(Table 10.3), central nervous system (Table 10.4), gastroin-
testinal (Table 10.5), procedures (Table 10.6), and miscella-
neous/equipment sizing (Table 10.7). The tables were gener-
ated from data extrapolated from product catalogues from 

Fig. 10.31  Pediatric CAE man-
nequin. (Photo courtesy of CAE 
Healthcare)

 

Fig. 10.30  Pediatric Gaumard mannequin. (Photo courtesy of 
Gaumard Scientific [2])

 

Fig. 10.29  SimJunior mannequin. (Image courtesy of Laerdal Medi-
cal [1])

 

Fig. 10.28  Toddler Gaumard mannequin. (Photo courtesy of Gaumard 
Scientific [2])

 

Fig. 10.27  Infant Laerdal mannequin. (Image courtesy of Laerdal 
Medical [1])

 

Fig. 10.26  OtoSim Otoscopy Trainer—OtoSim™. (Photo courtesy of 
Otosim [51])
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the various manufacturer [14, 22, 23]. These tables should 
aid in both acquisition of the appropriate mannequin(s) for 
a simulation program, as well as aid individual educators at 
choosing the optimal simulator to fit the scenario being de-
veloped.

Limitations

It is equally important to understand the limitations of the 
various simulators being used. Some limitations are current-
ly present in all whole body mannequins, such as a marker of 
capillary refill time and changes to the color or temperature 
of the skin of the mannequin, both which are considered es-
sential in the rapid assessment of an acutely ill pediatric pa-
tient. Based on these limitations, the most significant overall 
limitation to whole body mannequin use is the inability of 
the mannequins to provide an accurate instantaneous assess-
ment of whether a child is sick or not sick (vital sign changes 
alone are often a late manifestation of abnormal physiology). 
Facilitators must do their best to provide a mixture of man-
nequin and verbal or other visual clues (pictures and videos) 
in order to overcome this very real limitation, until the fidel-
ity of the current generation of mannequins is improved to 
better simulate these clinical features.

Furthermore, in order to optimize the learners’ prepared-
ness for the simulation experience, it is also imperative to 
prebrief the mannequins’ limitations, and how these will be 
overcome, prior to running the scenario.

Programming Principles

The foundation for simulation programming are the objec-
tives of the simulation itself: research, teaching, or assess-
ment, the intended learning outcomes, and the learners’ level 
of training. Simulation scenarios developed for research or 
summative assessment must be programmed to progress and 
respond to actions taken by participants in a tightly standard-
ized fashion every time they are used [52]. These simula-
tions must therefore be pre-programmed so that vitals and 
triggers/findings are presented in the same time sequence 
and the same time intervals. Programmers must also try to 
anticipate all possible actions that can be taken by partici-
pants and the appropriate simulator responses to these ac-
tions when pre-programming. These simulation scenarios 
should be pilot-tested to ensure the proper fidelity has been 
chosen, the feasibility of the scenario is appropriate, and the 
standardized scenario is consistent before use [53].

Simulation scenarios developed for teaching or forma-
tive evaluation can allow for some variability in how they 
progress depending on the performance and responses of the 
learners. This flexibility allows for the facilitator/teacher to 

allow participants to follow an unintended path, if this pres-
ents a teaching opportunity. Similarly, flexibility in program-
ming allows the facilitator to manipulate complexity depend-
ing on the skill set of the learners [54]. When programming 
simulation scenarios, the primary goal is to aim for clinical 
authenticity. Scenario progress and changes to vital signs in 
response to actions taken by participants should all follow a 
time course that is realistic [54].

Autonomous simulators and manual simulators are both 
currently available and have their own unique advantages 
and disadvantages. Autonomous simulators use an adult 
physiology platform that require pre-programming and may 
be more difficult to run on the fly [54]. The programming 
inherent in the simulators themselves are a predefined physi-
ologic algorithm where each change or trend in a vital sign 
or action leads to a cascading change in all vital signs and 
the mannequin itself [10]. For example, the programmer 
does not necessarily need to program the time over which 
heart rate, respiratory rate, and BP change following a fluid 
bolus, unless they want to slow down the change in vitals to 
augment learning for novice participants. Another concrete 
example would be the use of neuromuscular blockade. If this 
one action is chosen, the mannequin platform understands 
that this one action means the simulator must stop breathing, 
display a respiratory rate of zero, start lowering oxygen satu-
ration levels, close the mannequin’s eyes and have the man-
nequin stop chest rise/fall and breathing sounds, all of which 
are done automatically with the choice of neuromuscular 
blockade. Although the benefits of this may be more real-
istic, it may also take the simulation irreversibly off-course. 
Additionally, the current autonomous platforms do not allow 
for common pediatric physiology to be represented, includ-
ing hypoxemia, cyanosis, and tachycardia without entering 
a so-called death-spiral, whereby the mannequin irrevers-
ibly deteriorates to the point of cardiac arrest or at minimum 
requiring the programmer to incorporate complicated work 
modifications to save the scenario.

Manual simulators, on the other hand, follow program-
ming absolutely. Once the programmer makes a change to 
the mannequin platform, the change is absolute. As such, the 
programmer must understand how patients behave in the real 
world in order to incorporate transition times for vital signs 
and clinical findings. For example, the hemodynamic re-
sponse to a fluid bolus should occur over the five or so min-
utes it would take to administer that bolus, and therefore in 
order to maintain realism the heart rate, BP, and respiratory 
rate would not change instantaneously and would follow dif-
ferent time courses. This does not happen automatically on 
a manual simulator and needs to be played out in real time 
[23]. In the example of neuromuscular blockade given above, 
each of the individual features of neuromuscular blockade 
would have to be chosen individually on the fly or pre-pro-
grammed to be packaged into one option that a programmer 
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could use while the scenario is taking place. In general, most 
simulation facilitators prefer manual simulators because the 
basic platforms are straightforward and easier to run on the 
fly, although facilitators with clinical backgrounds must be 
present to ensure clinical authenticity [1].

Understanding the specific features of the simulator being 
used is important for three reasons: (1) It allows the facilita-
tor to provide missing cues to participants if the simulator is 
leading them down the wrong diagnostic path, (2) adds to the 
authenticity of the experience by filling in the missing gaps 
that the simulator cannot simulate, and (3) anticipates how 
the lack of authenticity can be overcome/minimized (includ-
ing a review of simulator capabilities when pre-briefing the 
participants to the mannequin and the environment). Other 
features that can be incorporated to improve the realism of 
the simulation and trigger learners to respond include vo-
calizations (high-pitched cry, microphone through which 
patient can talk), pupillary size, blink control, seizures, and 
anterior fontanel, differential in upper versus lower limb 
pulses, among many others (refer to Tables 13.1–13.7; [54]). 
A concrete example of the interplay of all these features is 
the irritable child, where irritability is an important sign for 
possible neurologic as well as cardiac pathology. The fon-
tanel is examined on all neonates to determine volume sta-
tus as well as possible intracranial pathology. Incorporating 
vocalization (high-pitched cry) can also provide cues to the 
learner. An irritable child in supraventricular tachycardia 
(SVT) who suddenly stops crying may be a cue that stable 
SVT has suddenly become unstable SVT. Similarly, a blink-
ing child who stops blinking and closes its eyes is a cue to a 
change in the level of consciousness or a potential change to 
the cardiac output. Some simulators can be programmed for 
seizure activity. However, simulators that do not have sei-
zures as a feature can also mimic the other physiologic fea-
tures of seizures, such as enlarged pupils and associated vital 
sign changes. So, understanding the diverse features of each 
simulator, as well as their limitations and how to overcome 
them, are essential to anyone programming or facilitating a 
simulation session.

Conclusions

Mannequin-based simulators have evolved significantly 
since their first conception in the 1960s. Today, a wide va-
riety of specialized pediatric and adult models exist, in the 
form of full-body autonomous and manual simulators, as 
well as partial task trainers. Educators now have the capac-
ity to optimize their learners’ experiences by creating and 
programming realistic clinical scenarios by modifying the 
inputs to both the mannequins and task trainers, as well as 
the immersive physical environment. Mannequin-based sim-
ulators have become a very important tool for the education, 

training, and evaluation of healthcare professionals, provid-
ing unique opportunities in a wide variety of settings. They 
have also become integral to research involving simulation-
based education. As computer hardware and software tech-
nology continues to progress, along with advances in man-
nequin design, future simulators are likely to offer even more 
lifelike characteristics and realistic patient responses, which 
will enhance the simulated experiences for educators and re-
searchers, as well as for participants of all levels.
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Simulation Pearls

1. Task trainers are available commercially for most major 
pediatric procedures

2. Multiple recipes for homemade task trainers are available
3. Curricular development is an important component for 

pediatric procedural skills training
4. Simulation enables the learner to practice potentially life-

saving but rarely performed emergency procedures

Introduction

Procedures are a fundamental part of healthcare delivery. 
Learning procedures on task trainers has been a practice for 
centuries. Task trainers are devices that replicate a portion 
of a complete process or system [1]. They may take many 
forms, ranging from foods (e.g., using oranges to practice 
injection techniques or pig’s feet to practice suturing) to 
more developed plastic molds, which allow for repetitive 

use. In addition, virtual reality trainers are now being devel-
oped and used with increasing frequency and effectiveness. 
In pediatrics, there are added challenges for development 
of procedural competency, which include the limited op-
portunities in clinical practice and the technical complexity 
inherent in the variability of patient size and physiology. As 
such, learning procedures on a partial task trainer, particu-
larly those that are uncommon and high risk, is a preferred 
learning modality.

The use of simulation for psychomotor skills acquisition 
has received significant attention in the literature [2, 3]. Its 
use is advocated by major medical accrediting bodies includ-
ing the Accreditation Council for Graduate Medical Educa-
tion (ACGME) and the Royal College of Physicians and 
Surgeons of Canada [4, 5]. Table 11.1 lists the specific pro-
cedures required of pediatric medical trainees. Several meta-
analyses have shown that simulation-based procedural skills 
training results in improved skill acquisition [6–10].

Review of Procedural Task Trainers

Airway

Successful completion of a procedural task is a function of 
knowledge, skill, and judgment. The learner requires knowl-
edge and judgment as to when an airway maneuver is neces-
sary and skills practice to perform the action competently 
and with consistency. Airway task trainers were among the 
first devices to become available for simulated medical skills 
training [11]. A variety of devices are currently marketed to 
assist the learner in understanding the anatomy of the pedi-
atric airway and to facilitate learning and practice of physi-
cal airway-related skills. Airway task trainers may comprise 
partial- or whole-task training and may include both virtual 
and/or physical components. Live animals (e.g., cats, ferrets) 
have traditionally served as pediatric airway task trainers, 
but cost and ethical considerations limit the practicality of 
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this approach. The remainder of this section will focus on 
inert physical airway task trainers.

Airway-related tasks in pediatric medical training gener-
ally consist of techniques that enable maintenance of a patent 
airway and ventilation when anesthesia, illness, or trauma 
hinder the patient’s ability to do so independently. Insertion 
of airway adjuncts, such as nasopharyngeal and oral pha-
ryngeal airways, and artificial airways, such as laryngeal 
mask airways and endotracheal tubes, are techniques well 
suited for skills training on physical task trainers. Some air-
way task trainers also have simulated lungs that allow the 
learner to practice ventilation skills, either via a bag-mask 
device placed directly on the simulated face or via an artifi-
cial airway.

The most basic physical airway task trainer consists of a 
simulated head with a realistic face, nose, and mouth. The 
simplest models have an externally anatomically correct 
nose and mouth with a simple opening in the mouth con-
nected to rudimentary simulated lungs that will inflate with 
appropriate positive-pressure ventilation. The lungs may be 
as simple as a pair or balloons attached to a simulated tra-
chea, or may be embedded within a whole torso or whole-
body mannequin, where ventilation is assessed by chest 
rise. When provided in a variety of sizes (neonate, infant, 
child, adolescent), even the most basic airway task train-
ers allow practice in the selection of an appropriately sized 

facial mask, proper technique for holding the mask, and an 
approximation of ventilation volume required for patients of 
various sizes.

The next level of airway task trainer increases human 
physical resemblance with the addition of a patent nasophar-
ynx and an anatomically realistic oropharynx and upper air-
way, including tongue, epiglottis, larynx with vocal cords, 
and upper esophagus. Again, a variety of ages and sizes en-
able instruction in the anatomic differences among these age 
groups. For example, the neonatal and infant task trainers 
allow emphasis on the anterior placement of the infant lar-
ynx and the smaller caliber of the airway, and the child and 
adult task trainers include teeth.

In addition to the normal anatomically correct airway 
models, task trainers have also been designed to allow prac-
tice with a more difficult airway. Even in the absence of elec-
tronics, some models include features such as a controllable 
degree of mouth opening, changeable limit of neck flexibil-
ity, and an inflatable tongue.

With the addition of high-fidelity electronic components, 
airway task trainers can mimic functional as well as anatom-
ic features of the airway, and these features may be activated 
remotely in real time, changing the difficulty of the task. For 
example, the tongue can be inflated to mimic airway swelling 
and the vocal cords can be clamped to mimic laryngospasm. 
Some simulators can produce sounds that mimic stertor or 

Table 11.1  Procedures required by selected accrediting organizations for Pediatric certification

Procedure ACGME (2012)a Royal College (2008)b Royal College of Pediatrics and 
Child Health (2014)c

Intravenous access/peripheral venous cannulation Y Y Y
Venipuncture Y Y
Umbilical venous cannulation Y Y Y
Umbilical arterial cannulation Y
Arterial puncture Y
Suture of a one layer laceration, simple wound closure Y Y
Cardiopulmonary resuscitation (neonatal and pediatric) Y Y
Chest tube placement and thoracentesis Y (patient or model)
Intraosseous insertion Y (simulated) Y (patient or model)
Gastric tube placement (oro or nasogastric) Y
Bladder catheterization and/or suprapubic aspiration Y Y
Lumbar puncture Y Y
Bag-mask ventilation Y Y Y
Tracheal intubation Y (neonate) Y (neonatal and pediatric) Y (term and preterm 28–34 weeks)
Gastric tube placement Y
Giving immunizations Y
Incision and drainage of abscesses Y
Reduction of a simple dislocation Y
Removal of foreign body Y
Temporary splinting of a fracture Y
a ACGME 2013. https://www.acgme.org/acgmeweb/Portals/0/PFAssets/2013-PR-FAQ-PIF/320_pediatrics_07012013.pdf. Accessed 21 Oct 2014
b The Royal College of Physicians and Surgeons of Canada
c Royal College of Pediatrics and Child Health, Directly Observed Procedures (DOPS). Compulsory procedures listed. http://www.rcpch.ac.uk/
system/files/protected/page/DOPS%20Guidance%20June%202014.pdf. Accessed 21 Oct 2014

http://www.acgme.org/acgmeweb/Portals/0/PFAssets/2013-PR-FAQ-PIF/320_pediatrics_07012013.pdf
http://www.rcpch.ac.uk/system/files/protected/page/DOPS%20Guidance%20June%202014.pdf
http://www.rcpch.ac.uk/system/files/protected/page/DOPS%20Guidance%20June%202014.pdf
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stridor, suggestive of airway obstruction. High-tech models 
can also be used for assessment purposes, with sensors that 
enable the facilitator to assess technique and success of the 
desired task from a remote location via computer monitor. 
High-fidelity airway simulators can detect airway reposi-
tioning, tracheal versus esophageal placement of an endo-
tracheal tube, adequacy of ventilation, and even pressure on 
teeth during laryngoscopy.

Advantages of airway task trainers include the ability of 
learners to practice a skill in a variety of patient sizes and 
as many times as necessary, all without potentially causing 
trauma to an actual patient. Depending on the fidelity of the 
device, airway trainers may also provide valuable feedback 
to the instructor, without having to look directly over the 
shoulder of the learner. Direct and indirect (video) laryngos-
copy and endotracheal tube placement are difficult skills to 
master, and studies of groups of new learners have shown 
that these skills can be mastered well with the aid of airway 
task trainers (see Fig. 11.1) [11, 12].

However, some of the features of a human airway do not 
lend themselves well to practice with a rigid, plastic airway 
task trainer. Mandibular positioning and flexibility with a jaw 
thrust is not replicated well with most plastic head models or 
mannequins. Many of the trainers and mannequins have a 
stiff feel compared to actual tissue. Control of secretions is 
also an important skill in the management of a pediatric air-
way, yet simulator technology has not yet reached the point 
where task trainers or mannequins can produce drool, mucus, 
or emesis. Clever post-marketing modifications have been 
described, including gluing a nasal cannula inside out inside 
the nose of a mannequin head skin, enabling fake mucus to 
be pumped from an infant nose [13], and recipes for simu-
lated mucus, blood, and emesis are also available [14, 15].

In addition to standard techniques for insertion of artifi-
cial airways, task trainers can also facilitate surgical airway 
practice. The simplest of these models involves the creation 

of a permanent stoma (drilling a hole) into a doll or manne-
quin with a hollow neck to enable practice of tracheostomy 
tube replacement. Animal models, commercial head and 
neck task trainers, and high-fidelity mannequins are avail-
able for practicing cricothyrotomy, all enabling study of the 
speed and efficacy of various devices and techniques as well 
as retention of skills [16, 17]. In addition, artificial models 
can be created using easily accessible medical equipment, 
as well as real models such as pig tracheas can also be used 
(See Figs. 11.2 and 11.3). Unfortunately, the majority of re-
search on the topic of surgical airways focuses on the adult 
trauma victim, and the majority of the task trainers therefore 
also reflect adult anatomy. Porcine tracheas provide a close 
physical approximation of adult human airway anatomy. 
Some work is being done with other animal models includ-
ing rabbits, which more closely approximate the pediatric 
airway in size. One published study evaluated the efficacy 

Fig. 11.3  Cricothyrotomy model with cannula. (Photo courtesy: Cana-
dian Medical Education Journal [98])

 

Fig. 11.1  Pediatric airway task trainer. (Image courtesy: Laerdal 
Medical)

 

Fig. 11.2  Cricothyrotomy model showing equipment needed. (Photo 
courtesy: Canadian Medical Education Journal [98])
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of a commercial device for rapid percutaneous cricothyrot-
omy in pediatric patients using adult rabbit cadavers [18]. 
All learners were successful in inserting the device and in 
providing adequate ventilation, with two of the ten tracheas 
suffering minor trauma.

Vascular Access

Vascular access is a critically important yet technically dif-
ficult skill to master in the pediatric patient. The insertion of 
a catheter into a blood vessel is again a procedure that lends 
itself well to practice with a task trainer before engaging in 
this technique on a real patient. A variety of devices have 
been developed and implemented to facilitate this practice. 
These trainers can be divided into three basic categories: 
computerized models with haptic feedback, animal models 
with artificial blood vessels embedded within, and simulated 
plastic limbs with embedded blood vessels. Some of these 
trainers are geared specifically for practicing peripheral ve-
nous access while others for central venous access, with or 
without the aid of ultrasound guidance. Trainers also exist 
for practicing more invasive vascular access procedures such 
as intraosseous access, which typically consists of either ani-
mal tissue (e.g., chicken leg) or plastic bone models, with or 
without overlying simulated soft tissue [19].

The virtual intravenous (IV) access trainer consists of 
computer software that provides didactic education as well 

as a stepwise approach to the entire task, from preparation 
through completion (see Fig. 11.4). Both adult and infant 
versions are marketed. The software provides feedback to 
the learner when steps are missed during the practice ses-
sion. The computer monitor also provides visual feedback, 
with the ability to vary features such as skin tone, body size, 
and habitus. The computer is attached to a haptic device with 
a simulated IV catheter, which allows some level of senso-
ry feedback as to features such as skin compliance, arterial 
pulse, and vessel depth. Incorrect insertion is met with visual 
feedback, such as bleeding or bruising visible on the moni-
tor. The virtual trainer has some useful features, including 
the ability to provide didactic education and skills assess-
ment in the absence of an instructor. The device is expensive, 
but can be used by many learners without the need to supply 
tissue or actual IV catheters, and the risk of needle sticks dur-
ing training is eliminated. However, a realistic sensation of 
a needle entering tissue and the pop of puncturing the vessel 
are lacking in this device.

Animal tissue models typically consist of the muscle 
mass and overlying skin, with plastic tubing of various thick-
ness and diameter inserted within the tissue to simulate ves-
sels. The artificial vessels may be cannulated via traditional 
palpation-based localization or via ultrasound-guided tech-
niques. A chicken tissue model was shown to improve com-
fort levels in physician trainees learning ultrasound-guided 
central line placement [20]. The tubing can be filled with 
simulated blood under pressure to enable a flash in the hub of 

Fig. 11.4  Virtual intravenous 
access trainer. (Photo courtesy: 
Sue Kost)
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the needle as feedback for proper placement of the tip of the 
needle before threading the catheter. Attaching the tubing to 
a fluid bag enables continuous flow of simulated blood from 
the cannulated vessel and the ability to practice flushing the 
catheter once it is correctly placed.

Plastic limbs with embedded blood vessels work in a 
manner similar to the animal tissue models described earlier, 
without the potential risk of infectious disease transmission 
and need for cold storage. Drawbacks to the plastic models 
include the lack of true tissue feel and the retention of per-
manent holes in the plastic (needle tracks) when the same 
site is punctured repeatedly. Some models have replaceable 
simulated skin and tubing that alleviates this problem.

Commercial central venous access task trainers include 
torso models for subclavian, internal jugular, and femoral 
venous access. Simulation for central venous access training 
has been shown to be an effective teaching tool in numerous 
studies over the past decade. Training programs that have 
embraced vigorous, simulation-based medical education 
have seen patient and unit-based improvements in clinical 
care. Outcomes documented include improved success rates 
in performing procedures by novice learners in the clinical 
setting and decreased central line infections. The incorpo-
ration of ultrasound guidance further improves the success 
rate of simulated central venous access, with this skill having 
been shown to translate to improved success in real patients 
[21–24]. Specific task trainers for teaching ultrasound-guid-
ed access (phantoms) are readily available (See Fig. 11.5), 
both commercially and with homemade versions [25].

One final vascular access technique unique to the pe-
diatric setting is that of umbilical vessel catheterization in 
neonates. Task trainers utilized for practicing this procedure 
include using actual tissue (e.g., discarded umbilical cords) 
as well as plastic models. The plastic models are available on 
their own and as part of whole-body infant mannequins (See 

Fig. 11.6). In addition, post-market modifications to com-
mercially available models have been described [26].

Surgical Procedures

Task training in pediatric surgery has focused on laparoscop-
ic surgery skills, trauma procedures, and suturing. Surgical 
simulators may be in the form of cadaveric or animal models, 
commercially produced models, or virtual reality computer 
simulators [27, 28]. The specific skill that is being taught 
will determine which trainer should be used and the environ-
ment best suited for training. Trainers have been developed 
for circumcision, gastroschisis repair, pyloromyotomy, and 
thoracoscopic repair of tracheoesophageal fistulas [29–33]. 
Other procedures for which models exist include models to 
assist with extracorporeal membrane oxygenation training, 
endoscopy, and cardiac surgery planning [34–36]. The Soci-
ety of American Gastrointestinal and Endoscopic Surgeons 
has developed and validated an adult-sized “fundamentals of 
laparoscopic surgery” simulator [37]. A pediatric version of 
this simulator has been developed using smaller components 
[27]. These simulators teach object transfer, pattern cutting, 
ligating loops, and suturing using laparoscopic equipment, 
and have become a mandatory part of surgical training across 
North America. For further details, please refer to Chap. 22.

Ear, Nose, and Throat Procedures

Children undergo a proportionately higher percentage of 
procedures on the head and neck than adults, and task train-
ers have been developed for a variety of these ear, nose, and 
throat (ENT) procedures. Both commercially available and 

Fig. 11.6  Female newborn infant reproduction designed for the prac-
tice of umbilical catheterization. (Image courtesy: Laerdal Medical)

 

Fig. 11.5  Ultrasound for venous access. (Photo courtesy: CAE 
Healthcare)
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homemade devices have been described for practicing tasks 
ranging from simple ENT procedures (e.g., removal of ceru-
men from the external auditory canal) to the more complex 
(e.g., cleft palate repair). A comprehensive review of the use 
of simulators in the field of otolaryngology concluded that 
dozens of task trainers are available or under development 
in this field. Nearly 100 peer-reviewed publications were 
reviewed, demonstrating the burgeoning potential of simula-
tion for teaching and evaluating ENT skills [38]. This section 
will focus on ENT procedures in children that are typically 
performed outside of the operating room.

A common ENT problem in the pediatric population is 
that of insertion of foreign material into an orifice, and the 
large proportion of foreign bodies ends up being inserted into 
the ears, nose, and respiratory tract. Foreign body removal 
is a procedure that is easily practiced with a task trainer. 
Commercial ear simulators are marketed (with replaceable 
ears) that enable practice of otoscopy and cerumen removal 
as well as removal of foreign bodies of various shapes and 
sizes. Bone wax or beeswax serve as reasonable substitutes 
for cerumen, and beads and small toys can serve as real ex-
amples of foreign bodies. One model provides both auditory 
and visual feedback when too much pressure is applied to the 
ear canal or tympanic membrane [39].

Treatment of epistaxis is another common problem ame-
nable to practicing in a simulated environment. Mannequin 
heads and task trainers can both be modified to mimic epi-
staxis [40–41]. Commercial devices are available in adult 
sizes, including one that enables control of the amount and 
speed of nasal bleeding. These devices enable the learner to 
practice various packing techniques for the control of hemor-
rhage [42].

Procedures in the oral cavity can also be simulated; how-
ever, there are currently no commercially available pediatric 
models. Dental procedures can be taught with a virtual real-
ity device that combines graphics on-screen with a haptic 
device for practicing drilling and implant techniques [43]. 
A recent publication describes the creation of an inexpen-
sive model of peritonsillar abscess with latex moulage of an 
oral cavity to enable practice of drainage procedures (see 
Fig. 11.7) [44]. Existing mannequins and airway task train-
ers can be modified to allow practice of removal of foreign 
material from the upper airway.

Cardiovascular and Pulmonary Procedures

Given that the illnesses and conditions requiring cardio-
vascular and pulmonary procedures in pediatrics are rare, 
practitioners have limited real-life experience performing 
these potentially lifesaving procedures, including chest tube 
insertion and pericardiocentesis [45–47]. A wide variety of 
task trainers have been developed and used to fill these gaps. 

Homemade task trainers are generally of lower cost and 
are simple to construct. A pediatric chest can be simulated 
using a rack of pork or lamb ribs (see Figs. 11.8 and 11.9) 
[48]. Animal models best approximate human tissue as the 

Fig. 11.8  Pork rib model. (Photo courtesy: Allan Shefrin)

 

Fig. 11.7  Task trainer for drainage of a peritonsillar abscess. (Repro-
duced with permission of SAGE publications [44])
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learner can feel what intercostal muscle feels like in relation 
to the bony ribs and parietal pleura. The use of animal tis-
sue again involves potential ethical implications as well as 
requires proper storage, handling, and hygiene. Homemade 
task trainers are also becoming more widely used in the neo-
natal setting [49–50].

Commercially available thoracic task trainers come in a 
variety of configurations. Some offer only a thorax while 
others are part of an entire upper-body or whole-body man-
nequin. Some trainers allow connection to drainage tubing 
so that this part of the procedure may be practiced. These 
models are considerably more expensive than homemade 
task trainers, and while progress has been made in making 
models look and feel more human-like, a gap still remains. 

An important consideration is the requirement for replace-
ment parts as there are a limited amount of practice at-
tempts that can be performed on a given model. Most com-
mercially available trainers are adult-sized, although pe-
diatric models are increasingly becoming available. Com-
mercially available trauma simulators are available (see 
Fig. 11.10). These allow the learner to perform multiple 
trauma-oriented procedures such as chest tube insertion, 
pericardiocentesis, and cricothyroidotomy. Some models 
allow for diagnostic peritoneal lavage, while others can be 
set up to practice focused assessment with sonography for 
trauma (FAST).

Finally, commercially available pericardiocentesis mod-
els allow the learner to drain red fluid from an anatomic lo-
cation in the thorax, although no model currently simulates 
a beating heart or the possible adverse effects of the proce-
dure (e.g., ventricular puncture). Some practitioners prefer 
to perform pericardiocentesis under ultrasound visualization. 
Gelatin can be used to create an ultrasoundable model with 
placement of red dye in a balloon to simulate ultrasound-
guided pericardial sac aspiration (see Figs. 11.11 and 11.12) 
[51]. A similar model can be made out of gel wax with an 
embedded balloon [52–53].

Neurologic Procedures

Many high-fidelity mannequins incorporate features that en-
able the learner to practice diagnostic procedures related to 
neurologic conditions. These features include the ability to 
reproduce a bulging anterior fontanel in an infant, to alter 
pupillary size and reactivity, and to mimic seizure activity. 

Fig. 11.10  Pediatric surgi-
cal simulator “Traumachild”. 
(Photo courtesy: SimuLab 
Corporation)

 

Fig. 11.9  Pork rib model with skin and chest tube. (Photo courtesy: 
Allan Shefrin)
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Although focal neurologic findings are difficult to replicate 
with high-fidelity mannequins, simulators have been com-
bined with video clips to aid in the recognition and treatment 
of stroke, and this approach could likely be applied to other 
diagnostic challenges in neurology [54].

In terms of invasive neurologic procedures, the most com-
mon pediatric procedure performed is that of the lumbar 
puncture (LP). LP task trainers are available in a variety of 
sizes, everything from neonate to adult. These devices pro-
vide a realistic approximation of the lumbar anatomy for an 
LP performed in either the lateral recumbent or (in some mod-
els) sitting positions. These models typically include internal 
tubing containing clear fluid simulating cerebral spinal fluid 
that allows instant feedback in the event of a successful pro-
cedure. One model provides negative feedback as well, with 
an ancillary set of tubing containing simulated blood acting 
as the epidural venous plexus around the spinal canal result-
ing in a bloody tap if the procedure is performed incorrectly. 
These models also suffer from repetitive use, as repeated pro-
cedures leave multiple puncture marks, which can potentially 
lead to leaks in the tubing. This is remedied in most models 
by the replacement of the simulated skin tissue just over the 
puncture sites as well as the internal tubing (where possible).

Orthopedic Procedures

Task trainers are available to teach normal musculoskeletal 
anatomy and function. One of the oldest models, the skel-
eton, is ubiquitous in the training of health professionals. 
There are a number of commercially available spine and 
joint task trainers for practicing arthrocentesis; however, 
there are currently no pediatric models specifically. With the 
increasing availability of 3D printing, this may be an area 
where much growth is expected.

Other Procedures

Skin suturing has been traditionally taught by using either 
animal (e.g., pig skin) or commercially available silicone or 
rubber models. Soft tissue infections and foreign bodies may 
be simulated as well. Animal parts with embedded objects 
may be used. Educators may purchase trainers or make their 
own out of gelatin [55–56]. As pediatric care providers in-
crease their use of ultrasound in clinical practice, educators 
have begun to use gelatin to create ultrasound models for 
various procedures. Table 11.2 provides a set of suggestions 
for making a gelatin model [57]. Simulation has also been 
used for teaching nerve blocks [58, 59].

Fig. 11.12  Pericardiocentesis model ultrasound image (Photo cour-
tesy: Canadian Medical Education Journal [98])

 

Fig. 11.11  Pericardiocentesis model using low-fidelity mold. (Photo 
courtesy: Canadian Medical Education Journal [98])

 

Table 11.2  Recipe for creating homemade gelatin models

1. Gelatin blocks made at a lower temperatures result in a more 
desirable consistency. Caution should be used with hot water as it 
can burn gelatin
2. Use a 10 % solution of gelatin (e.g., 100 g of gelatin per 1 L of 
water)
3. Heat until gelatin is liquid, cool to solidify
4. Use food coloring as gelatin is clear. Consider adding chlorhexi-
dine or EDTA for bacteriostatic properties
5. Layered production process is advised for any kind of inclusions 
such as cysts, foreign bodies, or vessels
 a. Cysts can be simulated using water filled balloons, liquid pills
 b. Masses can be simulated with vegetable pieces, pasta, deli meats, 
or hot dogs
 c. Penrose drains can be used to simulate blood vessels
6. Refrigerate the models when not in use to extend their durability, 
but do not freeze them to avoid cracking
7. Clear adhesive plastic, a strip of gelatin-impregnated gauze, 
reusable latex coating, or hydrocolloid skin dressings can be used to 
protect the model, making it more durable
8. Models should be stored in airtight containers when not in use
9. Gelatin blocks can be melted down and recycled
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There are many other models available for teaching pro-
cedures associated with routine medical care including: care 
of the tracheostomy and gastrostomy tube, pelvic exams, and 
bladder catheterization [60–62]. In terms of bladder catheter-
ization, no specific pediatric models are currently available.

Instructional Design for Procedural Skills 
Training

While having task trainers that can provide a realistic look 
and feel is one significant factor to augment the transfer of 
skill acquisition to a real patient, the most significant factor 
is how the procedure is taught and how it fits within the cur-
riculum it is embedded in. It is critical that the procedural 
skills curriculum does not simply impart the physical me-
chanics of a procedure (e.g., how to hold an endotracheal 
tube, how to advance the catheter, where to put your hand 
to stabilize the patient, etc.), but equally how to properly se-
lect the equipment, how to position and prepare the patient, 
as well as knowing and anticipating complications from the 
procedure, among others. Developing a well-designed cur-
riculum is key to ensure educational goals are met and ef-
ficiency is maintained. Evidence-based conceptual models 
should be used to help guide the curriculum design [63].

Simulation Session

Maximizing the time spent in the simulation setting is one of 
the most important aspects of a procedural training session. 
Several key considerations to maximize the learning in the 
simulation lab include (1) use of prework, (2) use of expert 
modeling (3) use of deliberate practice and mastery learning, 
(4) skills assessment, and (5) feedback.

Use of Prework
In terms of procedural skill training, it can be very useful to 
have learners arrive already prepared with the background 
knowledge required before they come to the hands-on ses-
sion. This prework may include watching videos of an ex-
pert performing the procedure. The New England Journal 
of Medicine (http://www.nejm.org/multimedia/medical-vid-
eos) has developed a number of procedural videos, and work 
is being done to develop pediatric-specific procedural train-
ing [64]. Other examples of prework could include review-
ing the relevant steps and associated considerations in detail 
(e.g., indications, anatomic considerations, complications, 
pearls) as well as the checklist that will be used to evalu-
ate the learner. Assessment of knowledge with a pretest has 
also been recommended. Additional consideration should be 
given as to whether a passing grade on a pretest is required 
before participating in the actual hands-on session. This will 

ensure that your learners have completed and understood the 
background material and should improve the efficiency of 
your time in the simulation setting [65]. The ultimate goal of 
this prework is for learners to acquire the requisite cognitive 
knowledge [66].

Setting the Stage and Use of Expert Modeling
As with any simulation-based medical education session, 
important first steps are setting the expectation and struc-
ture of the session, familiarizing learners with the equipment 
and the task trainer, and answering any questions the learn-
ers have from any associated prework. Expert modeling is 
a technique by which an expert demonstrates the procedure 
in its entirety and then may break down the procedure into 
its component parts. Expert modeling or watching an expert 
video may also be considered prior to having the learners 
start their practice [67–71].

Expert modeling is a tool that can ensure learners know 
the expectations for their performance. In addition, expert 
modeling may decrease ineffective cognitive load associated 
with unnecessary problem-solving, and allow the learner to 
concentrate on building muscle and working memory during 
their practice. One study showed that expert modeling im-
proved performance with simulated bronchoscopy training 
and builds on the evidence that shows the effectiveness of 
expert modeling in different realms [72]. If expert modeling 
is being included, the facilitator should talk through the steps 
(including what they are thinking of and anticipating) as they 
perform each one. Once the learners have seen the expert 
performance and are given a chance to play around with the 
equipment, the real practice begins.

Use of Deliberate Practice and Mastery Learning
One useful framework that provides a foundation to guide 
curriculum development for procedural skills training is the 
mastery learning model [73], which includes the following 
steps:
a. Baseline or diagnostic testing
b. Clear learning objectives, sequenced as units in increas-

ing difficulty
c. Engagement in educational activities focused on reaching 

the objectives
d. A set minimum passing standard for each educational unit
e. Formative testing to gauge unit completion at a preset 

minimum passing standard for mastery
f. Advancement to the next educational unit, given mea-

sured achievement at or above the mastery standard
g. Continued practice or study on an educational unit until 

the mastery standard is reached
Mastery learning has been shown to lead to improved learner 
and patient outcomes [74]. It can therefore be used as the 
foundation to build a simulation-based procedural skills cur-
riculum. See Table 11.3 for an example of how this might be 
applied.

http://www.nejm.org/multimedia/medical-videos
http://www.nejm.org/multimedia/medical-videos
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Deliberate practice is a key component of mastery learn-
ing and includes repetitive performance of the desired skill, 
rigorous skills assessment, and specific formative feedback. 
Deliberate practice involves coaching learners through each 
procedural skill step. Each time the steps are repeated allows 
for refinement of the skill towards the desired performance 
level. The initial training towards skill acquisition using de-
liberate practice does not end until the learners can success-
fully perform the procedure to a mastery standard without any 
prompting or coaching. Thus, learners who have completed 
procedural skills training using deliberate practice, as part of 
a mastery learning model, by definition have mastered that 
skill and are ready to advance to the next educational unit 
(performance with supervision on a live patient or progres-
sion to practice with more advanced scenarios). Deliberate 
practice has been successfully applied to procedural training, 
central venous line placement, and laparoscopic skills, and 
has shown significant benefit translating to improved learner 
and patient outcomes [73].

Assessment
Two of the most common types of assessment used for pro-
cedural skills testing are global rating scales and specific 
procedure-based checklists (see Chap. 7). There is growing 
evidence that suggests global rating scales may be as good, if 
not better than procedure-specific checklists [75]. Some task 
trainers and training devices incorporate scoring into their 
use, by meeting predefined criteria or achieving a passing 
score.

Having well-developed checklists is important for rig-
orous skills assessment in procedural skills training (see 
Chap. 7). Many checklists available have been developed 

describing key steps for various procedures. These checklists 
can be a very useful adjunct for teaching the procedures. Sig-
nificant resources are required to develop a checklist which 
has a strong validity argument [76]. Checklists have been 
published with evidence of validity in the simulated setting 
for pediatric LP, intraosseous lines, and chest tubes. In ad-
dition, there is an active effort on the part of the Interna-
tional Network for Simulation-based Pediatric Innovation, 
Research and Education (INSPIRE) research network to de-
velop checklists for the major pediatric procedures expected 
of pediatric trainees [77–81].

Feedback
One key feature of mastery learning with deliberate practice 
is the provision of formative feedback to learners. Feedback 
may be from the instructor, a peer, or generated from the 
simulator. In addition, feedback may be delivered concur-
rently, while the trainee is actively performing the skill or 
may be delivered terminally, at the end of the skill prac-
tice. One example of real-time feedback is that provided by 
Q-CPR devices, which provide real-time feedback on car-
diac compression depth, rate, and leaning force. Real-time 
feedback during training improves learning and retention 
of cardiopulmonary resuscitation (CPR)  skills, and, most 
importantly, improves performance during actual resusci-
tations [82]. Evidence suggests CPR performance in actual 
resuscitations by in-hospital and prehospital providers, alike, 
improves when using real-time feedback as guidance [83, 
84]. Scenario-based training with real-time feedback and use 
of real-time feedback during actual resuscitations was cor-
related with dramatic increases in CPR quality and survival 
[85]. In addition, some laparoscopic trainers report specific 
metrics in addition to time and error rates [86–88].

Feedback has been shown to improve skill outcomes with 
no difference noted whether the feedback was concurrent 
or terminal. There was also no significant effect found for 
instructor-given feedback compared to feedback from the 
simulator [7]. Another key consideration is ensuring that fa-
cilitators are skilled at delivering the formative feedback to 
improve the learner’s abilities. As debriefing (see Chap. 3) 
can be considered feedback that involves interaction, bidi-
rectional communication between the instructor and train-
ee, and reflection, trained simulation facilitators should be 
skilled at this step [6].

Just-in-Time Training

Another important consideration for running a procedural 
skills session is how it will be run temporally and geographi-
cally. For the initial exposure to a skill, it is reasonable to 
learn that skill removed from the actual clinical environ-
ment. This may occur in a skills lab or simulation center. 

Table 11.3  Procedural skills training process

Steps Description Curricular 
components

Baseline or 
diagnostic 
testing

Baseline testing: ensures prerequi-
site knowledge obtained
Diagnostic testing: identifies gaps

Prework

Clear learning 
objectives 
sequenced

Organizes learning activities, 
ensures learners have basics before 
proceeding

Setting the 
stage, expert 
modeling

Engagement Directs learning to the key steps 
needed to achieve the objectives

Deliber-
ate practice; 
feedback/
debriefing

Minimum 
passing 
standard

To ensure learners are able to pro-
ceed to next educational unit

Checklists

Formative 
testing

Allows for continued practice if 
not ready to advance

Deliberate 
practice

Advancement Summative evaluation Assessment: 
global rating

Continued 
practice

Ensures learners achieve goals
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Once a skill is learned and applied to clinical practice, sub-
sequent training would be more valuable when incorporated 
into the clinical environment, specifically if the skill is not 
encountered frequently. Maintaining skills can be done ef-
fectively using a just-in-time and/or just-in-place technique. 
The just-in-place technique describes training that occurs in 
the clinical environment where the skill will be used (i.e., at 
the bedside). The addition of just-in-time training creates a 
training session conducted directly prior to a potential in-
tervention and at/near the site of the potential intervention. 
One example of the just-in-time and just-in-place technique 
is rolling refresher, where a cart with a mannequin and a 
CPR feedback device allowed staff to practice CPR skills 
with automated and instructor feedback in close proximity 
to their patient. Specific staff were chosen to practice these 
CPR skills, namely those caring for patients deemed most 
likely to need CPR that day. This type of approach has been 
described in the literature as a successful, timely, and effi-
cient way to ensure skills are appropriate prior to being per-
formed in an actual clinical situation [89–91].

Challenges and Limitations

One of the biggest challenges with procedural skills train-
ing lies in the realism and fidelity of most task trainers, as 
well as their inability to incorporate the additional stress of 
performing the procedure in the clinical environment with 
parents watching, colleagues assisting, monitors ringing, 
and possible patient instability. This could be partly over-
come by ensuring the learner can still adequately perform 
the procedure to the predefined standards as part of full-scale 
simulations with these stressors added in. A developmental 
framework has been described whereby novices first learn, 
see, practice, and prove. This framework allows for a layered 
approach in which a skill is first learned in isolation and then 
placed in simple context. Additional layers of complexity, be 
they cognitive or behavioral, can then be added on with the 
development of expertise [92].

Another significant challenge is the inability to predict 
procedural competence in a real patient. This appears to be 
somewhat procedure dependent. Simulation-based training 
for central line placement and cardiac compressions have 
been shown to improve performance in the clinical realm 
[20, 76, 79]; however, simulation-based training for others 
procedures, such as neonatal and pediatric endotracheal intu-
bation, have not [93]. Further research needs to be performed 
in order to understand better what techniques will enhance 
procedural training and lead to better translation in the clini-
cal realm. The eventual goal must be to achieve population-
based (T3) outcomes that improve patient/public health out-
comes [94].

The final challenges that need to be overcome in terms 
of planning procedural training, as described in this chap-
ter, are the requirements of human, space, and equipment 
resources and availability. Deliberate practice, in particular, 
requires a low learner-to-facilitator ratio in order to allow 
for immediate formative feedback. Intensive training of fa-
cilitators may be required to ensure their effectiveness and 
ability to provide appropriate feedback and use the appro-
priate rating scales for assessment. As learners may require 
variable amounts of time to master the material, scheduling 
becomes increasingly difficult as it is hard to predict how 
much time each learner will need to attain competence, if 
that is the goal. Just-in-time and just-in-place training have 
the additional challenges of finding the time for the clinical 
healthcare providers to leave their clinical assignments and 
perform the training as well as the organization and upkeep 
of the equipment [95–97].

Conclusions

This chapter has demonstrated that a wide spectrum of task 
trainers exist for pediatric procedural training as well as es-
tablished models for the creation of curriculum associated 
with procedural training. While some significant limitations 
exist, it is clear that simulation-based procedural training 
will continue to be an integral part of pediatric simulation in 
the future. Future work needs to be focused on improving the 
realism and fidelity of the models, the development of valid 
and reliable tools for the evaluation of various procedural 
skills, and evaluation of what techniques will enhance pro-
cedural training and lead to better translation in the clinical 
realm and actual patient outcomes.

References

1. Cooper JB, Taqueti VR. A brief history of the development of 
mannequin simulators for clinical education and training. Qual Saf 
Health Care. 2004;13(Suppl 1):i11–8.

2. Ross J. Simulation and psychomotor skill acquisition: a review of 
the literature. Clin Simul Nurs. 2012;8(9):e429–e35.

3. Lenchus JD. End of the “see one, do one, teach one” era: the next 
generation of invasive bedside procedural instruction. J Am Osteo-
path Assoc. 2010;110(6):340–6.

4. Philbert I, editor. Accreditation Council for Graduate Medical Edu-
cation (ACGME) Bulletin. Published December 2005. Accessed 
Oct 2014.

5. Al-Eissa M, Chu S, Lynch T, Warren D, Seabrook JA, Rieder MJ, 
et al. Self-reported experience and competence in core procedures 
among Canadian pediatric emergency medicine fellowship train-
ees. CJEM. 2008;10(6):533–8.

6. Cheng A, Lang TR, Starr SR, Pusic M, Cook DA. Technology-
enhanced simulation and pediatric education: a meta-analysis. 
Pediatrics. 2014;133(5):e1313–23. Epub 2014 April 14.

7. Hatala R, Cook DA, Zendejas B, Hamstra SJ, Brydges R. Feed-
back for simulation-based procedural skills training: a meta-anal-



150 M. L. White et al.

ysis and critical narrative synthesis. Adv Health Sci Educ Theory 
Pract. 2014;19(2):251–72.

 8. Gurusamy K, Aggarwal R, Palanivelu L, Davidson BR. System-
atic review of randomized controlled trials on the effectiveness 
of virtual reality training for laparoscopic surgery. Br J Surg. 
2008;95(9):1008–97.

 9. Ma IWY, Brindle ME, Ronksley PE, Lorenzetti DL, Sauve RS, 
Ghali WA. Use of simulation-based education to improve out-
comes of central venous catherization: a systematic review and 
meta-analysis. Acad Med. 2011;86(9):1137–47.

10. Sutherland LM, Middleton PF, Anthony A, Hamdorf J, Cregan P, 
Scott D, et al. Surgical simulation: a systematic review. Ann Surg. 
2006;243(3):291–300.

11. Howells TH, Emery FM, Twentyman JE. Endotracheal intuba-
tion training using a simulator. An evaluation of the Laerdal adult 
intubation model in the teaching of endotracheal intubation. Br J 
Anaesth. 1973;45:400–2.

12. Kennedy CC, Cannon EK, Warner DO, Cook DA. Advanced 
airway management simulation training in medical education: a 
systematic review and meta-analysis. Crit Care Med. 2014;42:169–
78.

13. Rowland J. http://www.jumpsimulation.org/blog/building-nasal-
secretions-simulator/. Accessed 31 Oct 2014.

14. Chez Moulage. www.laerdal.com/usa/SUN/ppt/Chez_Moulage.
pdf. Accessed 28 Jan 2015.

15. Merica BJ. Medical moulage: How to make your simulations come 
alive. Philadelphia: F. A. Davis Company; 2012. (Chap. 3 Blood, 
p. 32–43; Chap. 7 Drainage and Secretions, p. 74–81; Chap. 27 
Vomit, p. 32–43).

16. Deransy R, Dupont H, Duwat A, Hubert V, Mahjoub Y, et al. Effect 
of simulation training on compliance with difficult airway manage-
ment algorithms, technical ability, and skills retention for emer-
gency cricothyrotomy. Anesthesiology. 2014;120(4):999–1008.

17. Boet S, Borges BC, Bould MD, Chandra D, Joo HS, Naik VN, 
Riem N, Siu LW, et al. Complex procedural skills are retained for 
a minimum of 1 year after a single high-fidelity simulation training 
session. Br J Anaesth. 2011;107(4):533–9.

18. Frommer M, Graf BM, Kwok P, Metterlein T, Sinner B, et al. 
Emergency cricothyrotomy in infants—evaluation of a novel 
device in an animal model. Paediatr Anaesth. 2011;21(2):104–9.

19. Ault B, Ault MJ, Rosen BT, et al. The use of tissue models for 
vascular access training: phase I of the procedural patient safety 
initiative. J Gen Intern Med. 2006;21(5):514–7.

20. Barsuk JH, Cohen ER, Feinglass J, McGaghie WC, Wayne DB. 
Use of simulation-based education to reduce catheter-related 
bloodstream infections. Arch Intern Med 2009;169:1420–3.

21. Barsuk JH, McGaghie WC, Cohen ER, Blachandran JS, Wayne 
DB. Use of simulation-based mastery learning to improve the qual-
ity of central venous catheter placement in a medical intensive care 
unit. J Hosp Med. 2009;4(7):397–403.

22. Cherry RA, West CE, Hamilton MC, Rafferty CM, Hollenbeak CS, 
Caputo GM. Reduction of central venous catheter associated blood 
stream infections following implementation of a resident oversight 
and credentialing policy. Patient Saf Surg. 2011;5:15.

23. Zingg W, Cartier V, Inan C, Touveneau S, Clergue F, Pittet D, 
Walder B. Sustained reduction of catheter-associated bloodstream 
infections by simulator-training and self-assessment. BMC Proc. 
2011;5(Suppl 6):O13.

24. Cohen ER, Feinglass J, Barsuk JH, Barnard C, O’Donnell A, 
McGaghie WC, Wayne DB. Cost savings from reducted cathe-
ter-related bloodstream infection after simulation-based educa-
tion for residents in a medical intensive care unit. Simul Healthc. 
2010;5:98–102.

25. Kendall JL, Faragher JP. Ultrasound-guided central venous access: 
a homemade phantom for simulation. CJEM. 2007;9(5):371–3.

26. Berg B, Chan DS, Hara K, Thompson MW, Sawyer T, et al. Modi-
fication of the Laerdal SimBaby to include an integrated umbilical 
cannulation task trainer. Simul Healthc. 2009;4(3):174–8.

27. Azzie G, Farcas M, Gerstle JT, Green J, Henao O, Lasko D, 
Okrainec A, et al. Development and validation of a pediatric lapa-
roscopic surgery simulator. J Pediatr Surg. 2011;46(5):897–903.

28. Evgeniou E, Loizou P, et al. Simulation-based surgical education. 
ANZ J Surg. 2012;83(9):619–23.

29. Korets R, Liu DB, Maizel M, Smith A, Stiener M, Sutherland RW, 
et al. A novel method of teaching surgical techniques to residents—
computerized enhanced visual learning (CEVL) with simulation to 
certify mastery of training: a model using newborn clamp circum-
cision. J Pediatr Urol. 2013;9(6 Pt B):1210–3.

30. Alvarado C, Farooq S, Hill-Engstler EA, Stausmire JM, et al. 
Effectiveness of a simulated training model for procedural 
skill demonstration in neonatal circumcision. Simul Healthc. 
2012;7(6):362–73.

31. Bacarese-Hamilton J, Pena V, Haddad M, Clarke S, et al. Simu-
lation in the early management of gastroschisis. Simul Healthc. 
2013;8(6):376–81.

32. Davenport D, French J, Hoskins J, Iocono JA, Plymale M, Ruzic 
A, Skinner SC, Yuhas M, et al. A middle fidelity model is effec-
tive in teaching and retaining skill set needed to perform a lapa-
roscopic pyloromyotomy. J Laparoendosc Adv Surg Tech A. 
2010;20(6):569–73.

33. Chin AC, Davis LM, Rooney DM, et al. Validation of measures 
from a thoracoscopic esophageal atresia/tracheoesophageal fistula 
repair simulator. J Pediatr Surg. 2014;49(1):29–32.

34. Biffar D, Grisham LM, Hamilton AJ, Jarred J, Mogan C, Prescher 
H, Thompson JL, et al. Construction of a reusable, high-fidelity 
model to enhance extracorporeal membrane oxygenation training 
through simulation. Adv Neonatal Care. 2014;14(2):103–9.

35. Jabbour N, Reihsen T, Sidman JD, Sweet RM, et al. Psychomotor 
skills training in pediatric airway endoscopy simulation. Otolaryn-
gol Head Neck Surg. 2011;145(1):43–50.

36. Costello JP, Jonas RA, Krieger A, Marshall MB, Nath DS, Thabit 
O, Yoo SJ, et al. Utilizing three-dimensional printing technology 
to assess the feasibility of high-fidelity synthetic ventricular septal 
defect models for simulation in medical education. World J Pediatr 
Congenit Heart Surg. 2014;5(3):421–26.

37. Derossis AM, Fried GM, Abrahamowicz M, et al. Development 
of a model for training and evaluation of laparoscopic skills. Am J 
Surg. 1998;175:482–7.

38. Javia L, Deutsch E, Javia L, et al. A systematic review of simulators 
in otolaryngology. Otolaryngol Head Neck Surg. 2012;147(6):999–
1011.

39. See http://limbsandthings.com/global/products/ear-examination-
simulator-ii. Accessed 31 Oct 2014.

40. Atchison P, Kharasch M, Pettineo CM, Vozenilek JA, Wang E, 
et al. Epistaxis simulator: an innovative design. Simul Healthc. 
2008;3(4):239–41.

41. Lammers RL, et al. Learning and retention rates after training in pos-
terior epistaxis management. Acad Emerg Med. 2008;15(11):1181–
9.

42. See http://en.honglian8.com/p/429/gdlv17-advanced-nasal-hem-
orrhage-simulator. Accessed 31 Oct 2014.

43. Louloudiadis K, Papadopoulos L, Pentzou AE, Tsiatsos TK, et al. 
Design and evaluation of a simulation for pediatric dentistry in vir-
tual worlds. J Med Internet Res. 2013;15(11):e240.

44. Taylor SR, Chang CW. Novel peritonsillar abscess task simulator. 
Otolaryngol Head Neck Surg. 2014;151(1):10–3.

45. Al-Eissa M, Chu S, Lim R, Lynch T, Rieder MJ, Seabrook JA, 
Warren D, et al. Self-reported experience and competence in core 
procedures among Canadian pediatric emergency medicine fellow-
ship trainees. CJEM. 2008;10(6):533–8.

http://www.jumpsimulation.org/blog/building-nasal-secretions-simulator
http://www.jumpsimulation.org/blog/building-nasal-secretions-simulator
http://www.laerdal.com/usa/SUN/ppt/Chez_Moulage.pdf
http://www.laerdal.com/usa/SUN/ppt/Chez_Moulage.pdf
http://limbsandthings.com/global/products/ear-examination-simulator-ii
http://limbsandthings.com/global/products/ear-examination-simulator-ii
http://en.honglian8.com/p/429/gdlv17-advanced-nasal-hemorrhage-simulator
http://en.honglian8.com/p/429/gdlv17-advanced-nasal-hemorrhage-simulator


15111 Task and Procedural Skills Training

46. Gaies MG, Hafler JP, Landrigan CP, Sandora TJ, et al. Assessing 
procedural skills training in pediatric residency programs. Pediat-
rics. 2008;120(4):715–22.

47. King L, Paul RI, et al. Technical skills experiences in pediatric 
emergency medicine fellowship programs. Pediatr Emerg Care. 
1996;12(1):10–2.

48. Pirie J. Pork rib model in hospital for sick children simulation 
centre manual. (Personal communication by AS, August 2014).

49. Gupta AO, Ramasethu J, et al. An innovative nonanimal simu-
lation trainer for chest tube insertion in neonates. Pediatrics. 
2014;134(3):798–805.

50. Barsness KA, Davis LM, Rooney DM, et al. Collaboration in sim-
ulation: the development and initial validation of a novel thoraco-
scopic neonatal simulator. J Pediatr Surg. 2013;48(6):1232–8.

51. Girzadas DV Jr, Harwood R, Tommaso L, Zerth H, et al. An 
inexpensive, easily constructed, reusable task trainer for simu-
lating ultrasound-guided pericardiocentesis. J Emerg Med. 
2012;43(6):1066–69.

52. Al-Qadhi SA, Ali M, Constas N, Corrin MS, Pirie JR, et al. An 
innovative pediatric chest tube insertion task trainer simulation: a 
technical report and pilot study. Simul Healthc. 2014;9(5):319–24.

53. Breitkreutz R, Campo dell’Orto M, Hannemann U, Hempel D, 
Seibel A, Starzetz A, Walcher F. Assessment of a low-cost ultrasound 
pericardiocentesis model. Emerg Med Int. 2013;2013:376415.

54. Garside MJ, Rudd MP, Price CL, et al. Stroke and TIA assessment 
training: a new simulation-based approach to teaching acute stroke 
assessment. Simul Healthc. 2012;7(2):117–22.

55. Heiner JD, et al. A new simulation model for skin abscess identifi-
cation and management. Simul Healthc. 2010;5(4):238–41.

56. Ackley SH, Lo MD, Solari P, et al. Homemade ultrasound phantom 
for teaching identification of superficial soft tissue abscess. Emerg 
Med J. 2012;29(9):738–41.

57. Hampton K, et al. Homemade tastes better. http://sonokids.word-
press.com/2014/05/19/homemade-tastes-better/. Accessed 9 Nov 
2014.

58. Bretholz A, Cheng A, Doan Q, Lauder G, et al. A presurvey and 
postsurvey of a web- and simulation-based course of ultrasound-
guided nerve blocks for pediatric emergency medicine. Pediatr 
Emerg Care. 2012;28(6):506–9.

59. Ding L, Moore DL, Sadhasivam S, et al. Novel real-time feed-
back and integrated simulation model for teaching and evaluating 
ultrasound-guided regional anesthesia skills in pediatric anesthesia 
trainees. Pediatr Anesth. 2012;22(9):847–53.

60. Black A, Dumont T, Fleming N, Hakim J, et al. Enhancing post-
graduate training in pediatric and adolescent gynecology: evalua-
tion of an advanced pelvic simulation session. J Pediatr Adolesc 
Gynecol. 2014 Sept (available online).

61. Finkenzeller D, Ibrahim S, Lovelss MB, Satin AJ, et al. A simula-
tion program for teaching obstetrics and gynecology residents the 
pediatric gynecology examination and procedures. J Pediatr Ado-
lesc Gynecol. 2011;24(3):127–36.

62. Lendvay TS, et al. Surgical simulation in pediatric urologic educa-
tion. Curr Urol Rep. 2011;12(2):137–43.

63. Hsu DC, Macias CG, et al. Rubric evaluation of pediatric emer-
gency medicine fellows. J Grad Med Educ. 2010;2(4):523–9.

64. Auerbach M, Chang TP, Gerard JM, Kessler DO, Krantz A, Pratt 
A, Quinones C, Reid J, et al. Are pediatric interns prepared to per-
form infant lumbar punctures? A multi-institutional descriptive 
study. Pediatr Emerg Care. 2013;29(4):453–7.

65. 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.

66. Kovacs G. Procedural skills in medicine: linking theory with prac-
tice. J Emerg Med. 1997;15(3):387–91.

67. Srivastava G, Roddy M, Langsam D, Agrawal. An educational 
video improves technique in performance of pediatric lumbar 
punctures. Pediatr Emerg Care. 2012;28(1):12–6.

68. VentresW SJ. Introducing a procedure using videotape instruction: 
the case of the lateral birth position. Fam Med. 1994;26(7):434–6.

69. Dubrowski A, Xeroulis G. Computer-based video instruc-
tions for acquisition of technical skills. J Vis Commun Med. 
2005;28(4):150–5.

70. Jowett N, Leblanc V, Xeroulis G, et al. Surgical skill acquisition 
with self-directed practice using computer-based video training. 
Am J Surg. 2007;193(2):237–42.

71. Porte MC, Xeroulis G, Reznick RK, Dubrowski A. Verbal feed-
back from an expert is more effective than self-accessed feedback 
about motion efficiency in learning new surgical skills. Am J Surg. 
2007;193(1):105–10.

72. Bjerrum AS, Hilberg O, van Gog T, Charles P, Eika B. Effects of 
modeling examples in complex procedural skills training: a ran-
domized study. Med Educ. 2013;47:888.

73. Ericsson K. Deliberate practice and the acquisition and mainte-
nance of expert performance in medicine and related domains. 
Acad Med. 2004;79:S70–81.

74. Cook DA, Brydges R, Zendejas B, Hamstra SJ, Hatala R. Mas-
tery learning for health professionals using technology-enhanced 
simulation: a systematic review and meta-analysis. Acad Med. 
2013;88(8):1178–86.

75. Adler MD, Vozenilek JA, Trainor JL, Eppich WJ, Wang EE, 
Beaumont JL, Aitchison PR, Pribaz PJ, Erickson T, Edison M, 
McGaghie WC. Comparison of checklist and anchored global 
rating instruments for performance rating of simulated pediatric 
emergencies. Simul Healthc. 2011;6(1):18–24.

76. Gawande A. The checklist manifesto: how to get things right. New 
York: Metropolitan Books; 2009. http://www.projectcheck.org/
checklist-for-checklists.html. Accessed 31 Jan 2015.

77. Boureau-Voultoury A, Darrieux E, Oriot D, Ragot S, Scèpi M, 
et al. Validation of a performance assessment scale for simulated 
intraosseous access. Simul Healthc. 2012;7(3):171–5.

78. Auerbach M, Foltin JC, Kessler D, Pusic M, Tunik MG, et al. A 
randomized trial of simulation-based deliberate practice for infant 
lumbar puncture skills. Simul Healthc. 2011;6(4):197–203.

79. Bradin S, Chapman R, House JB, Iyer MS, McAllister J, Nypaver 
M, Santen SA, Warrier K, Accreditation Council for Graduate 
Medical Education Committee, Emergency Medicine and Pediat-
rics Residency Review Committee, et al. Assessing the validity evi-
dence of an objective structured assessment tool of technical skills 
for neonatal lumbar punctures. Acad Emerg Med. 2013;20(3):321–
4.

80. Auerbach M, Braun C, Gerard JM, Kessler DO, Mehta R, Scalzo 
AJ, et al. Validation of global rating scale and checklist instru-
ments for the infant lumbar puncture procedure. Simul Healthc. 
2013;8(3):148–54.

81. Shefrin AE, Khazei A, Hung GR, Odendal LT, Cheng A. The 
TACTIC: development and validation of the Tool for Assessing 
Chest Tube Insertion Competency. CJEM. 2015;17(2):140–7. 
doi:10.2310/8000.2014.141406.

82. Yeung J, Meeks R, Edelson D, Gao F, Soar J, Perkins GD. The use 
of CPR feedback/prompt devices during training and CPR perfor-
mance: a systematic review. Resuscitation. 2009;80(7):743–51.

83. Abella BS, Edelson DP, Kim S, Retzer E, Myklebust H, Barry AM, 
O’Hearn N, Hoek T, Becker LB. CPR quality improvement during 
in-hospital cardiac arrest using a real-time audiovisual feedback 
system. Resuscitation. 2007;73(1):54–61.

84. Kramer-Johansen J, Mykelbust H, Wik L, Fellows B, Svensson L, 
Sorebo H, Steen PA. Quality of out-of-hospital cardiopulmonary 
resuscitation with real time automated feedback: a prospective 
interventional study. Resuscitation. 2006;71(3):283–92.

http://sonokids.wordpress.com/2014/05/19/homemade-tastes-better
http://sonokids.wordpress.com/2014/05/19/homemade-tastes-better
http://www.projectcheck.org/checklist-for-checklists.html
http://www.projectcheck.org/checklist-for-checklists.html


152 M. L. White et al.

85. Bobrow BJ, Vadeboncoeur TF, Stolz U, Silver AE, Tobin JM, 
Crawford SA, Mason TK, Schirmer J, Smith GA, Spaite DW. The 
influence of scenario-based training and real-time audiovisual 
feedback on out-of-hospital cardiopulmonary resuscitation quality 
and survival from out-of-hospital cardiac arrest. Ann Emerg Med. 
2013. 62(1):47–56.

86. Larsen DP, Butler AC, Roediger HL. Repeated testing improves 
long-term retention relative to repeated study: a randomised con-
trolled trial. Med Educ. 2009;43(12):117–34.

87. Cosman PH, Cregan PC, Martin CJ, Cartmill JA. Virtual reality 
simulators: current status in acquisition and assessment of surgical 
skills. ANZ J Surg. 2002;72(1):30–4.

88. Choy I, Okrainec A. Simulation in surgery: perfecting the practice. 
Surg Clin North Am. 2010;90(3):457–73.

89. Niles D, Sutton RM, Donoghue A, Kalsi MS, Roberts K, Boyle 
L, et al. “Rolling refreshers”: a novel approach to maintain CPR 
psychomotor skill competence. Resuscitation. 2009;80(8):909–12.

90. Brown CA, Colborn S, Donoghue AJ, Helfaer MA, Meyer A, 
Nadkarni VM, Nishisaki A, Walls RM, Watson C, et al. Effect 
of just-in-time simulation training on tracheal intubation proce-
dure safety in the pediatric intensive care unit. Anesthesiology. 
2012;113(1):214–23.

91. Kalynych CJ, Kaminski A, Konzelmann J, Matar-Joseph M, 
McIntosh MS, Schneider H, Smith J, Wears RL, Wylie T Stabi-
lization and treatment of dental avulsions and fractures by emer-
gency physicians using just-in-time training. Ann Emerg Med. 
2009;54(4):585–92.

92. Sawyer T, White M, Zaveri P, Chang T, Ades A, French H et al. 
Learn, see, practice, prove, do, maintain: an evidence-based peda-
gogical framework for procedural skill training in medicine. Acad 
Med. In press.

93. Finan E, Bismilla Z, Campbell C, LeBlanc V, Jefferies A, Whyte 
HE. Improved procedural performance following a simulation 
training session may not be transferable to the clinical environ-
ment. J Perinatol. 2012;32:539–44.

94. Monographs from the First Research Consensus Summit for the 
society for simulation in healthcare. Simulation in Healthcare. 
August 2011. supplement.

95. Conlon T, Nadkarni V, Nishisaki A Simulation-based procedural 
training for pediatric residents: one small step for a program … one 
giant leap for mankind! Pediatr Crit Care Med. 2013;14(9):908–9.

96. Denmark KT, Eppich WJ, Joseph MM, Kim I, Mahajan P, Nypaver 
MM, et al. The role of high-fidelity simulation in training pediat-
ric emergency medicine fellows in the United States and Canada. 
Pediatr Emerg Care. 2013;29(1):1–7.

97. Calaman S, McGregor RS, Spector ND How can we assure pro-
cedural competence in pediatric residents in an era of diminishing 
opportunities? The answer is simulation-based training. J Pediatr. 
2010;156(6):865–6.

98. Shefrin A, Khazei A, Cheng A. Realism of procedural task train-
ers in pediatric emergency medicine procedures course. Can Med 
Educ J. 2015;6(1):e68–73.



153

12In Situ Simulation

Tensing Maa, Ellen Heimberg and Jennifer R. Reid

© Springer International Publishing Switzerland 2016
V. J. Grant, A. Cheng (eds.), Comprehensive Healthcare Simulation: Pediatrics,  
Comprehensive Healthcare Simulation, DOI 10.1007/978-3-319-24187-6_12

T. Maa ()
Department of Pediatrics, Department of Critical Care Medicine, Ohio 
State University College of Medicine, Nationwide Children’s Hospi-
tal, Columbus, OH, USA
e-mail: Tensing.Maa@nationwidechildrens.org

E. Heimberg
Department of Pediatric Cardiology, Pulmology, Intensive Care 
 Medicine, University Children’s Hospital, Tuebingen, Germany
e-mail: e.heimberg@paedsim.de

J. R. Reid
Department of Pediatrics, Division of Emergency Medicine, Univer-
sity of Washington School of Medicine, Seattle Children’s Hospital, 
Seattle, WA, USA
e-mail: Jennifer.reid@seattlechildrens.org

Simulation Pearls

1. In addition to predetermined learning objectives, in situ 
simulation can concurrently identify latent safety threats 
and opportunities for process and systems improvement.

2. In situ training may be better suited for intermediate and 
experienced practitioners. The novice learner, who is still 
developing basic knowledge, skills, and attitudes, may 
benefit from the controlled environment of a center: with-
out time limits, distractions, risk of unintended observers, 
and lesscomplex physical and functional fidelity.

3. Unique challenges include scheduling interprofessional 
teams, frequent distractions, lastminute room and staff 
cancellations, and missing or malfunctioning equipment. 
Facilitators need to be resilient to this lack of consistency 
and work to adjust learning objectives to the changing 
learning environment.

4. Mobile simulation, taking simulation to hospitals or clin-
ics in the community, can make in situ simulation meth-
odologies accessible across institutions, geographical re-
gions, and international boundaries. It can inspire interest 
in simulation, patient safety, and cultural change in these 
institutions.

Introduction

In situ simulation describes training that occurs in real pa-
tient care environments, rather than in a simulation center or 
off-site training area. By utilizing actual patient care spaces, 
simulation training can be performed in specialized settings 
such as a trauma bay, operating room (OR), hospital lobby, 
or prehospital site. Mobile simulation, taking simulation to 
hospitals or clinics in the community or to rural environ-
ments, can make in situ simulation methodologies accessible 
across institutions, broad geographical regions, and interna-
tional boundaries.

This chapter reviews opportunities and challenges spe-
cific to in situ simulation, including applications where it 
has been shown to be particularly effective as compared to 
center-based training. We outline guidelines on setting up a 
successful in situ session, common challenges that may be 
encountered, as well as possible solutions. Strategies for 
planning and executing effective multi-institutional mobile 
in situ simulations are included.

Advantages

One of the main advantages of in situ simulation is that of 
increased fidelity, both from physical and functional per-
spectives. Physical fidelity refers to the realism of the physi-
cal environment. Performing simulation exercises in actual 
patient care locations and using real equipment minimizes 
environmental and physical differences between simulation 
training versus real patient care. This may make it easier for 
the learner to suspend disbelief and identify the relevance of 
the simulation. Functional fidelity refers to the realism of the 
content and process. Training that occurs in a native work 
setting can provide functional fidelity of content (what to 
do) and context (how to do it) combined in one educational 
session. Choosing clinical scenarios that approximate real 
patient experiences can support generalization of acquired 
competencies. By integrating physical and functional fidel-
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ity, in situ simulation can maximize transfer of knowledge, 
skills, and behaviors learned during training to actual prac-
tice [1, 2].

In situ simulation offers improved efficiency when it 
comes to space and cost. Highly specialized environments 
such as a cardiac catheterization lab or an operating room are 
difficult and expensive to fully replicate. In 2009, the esti-
mated cost to start up an in situ program, including a high-fi-
delity human simulator, was US$41,000 versus US$472,000 
for a simulation center [3]. Rather than a dedicated simula-
tion space, in situ sessions borrow from clinical space, need-
ing only a smaller secured storage area. Figure 12.1 shows 
two examples of an in situ cart for storing and transporting 
a high-fidelity simulator and equipment. Figure 12.2 shows 
a hospital stretcher modified for carrying a mannequin, 
simulation equipment, and supplies, which can be wheeled 
through the hospital for in situ simulation. Additional sav-
ings come from being able to use real but expensive equip-

ment, such as a defibrillator or bronchoscope, rather than 
purchasing those separately for training or using decommis-
sioned units that have been collected for training use and are 
out of date. Furthermore, the authenticity of the environment 
provides such high fidelity that learning objectives may still 
be successfully accomplished using less costly, lower fidel-
ity mannequins.

The core staff needed to run an in situ session (e.g., opera-
tor and facilitator) is similar to that at a center [3]. However, 
more time is required for transport of equipment, setup, and 
tear-down for sessions, and this must be taken into account 
when considering human resource costs [4]. Some institu-
tions utilize creative solutions for deferring staffing costs 
such as redirecting mandatory academic educational time of 
faculty members who act as facilitators and content experts 
for simulation sessions [5]. The affordability of starting an in 
situ program has allowed institutions with fewer resources to 
benefit from simulation-based education.

Fig. 12.2  Example of an in situ 
stretcher modified for carrying 
a mannequin, simulation equip-
ment and supplies, which can 
be wheeled through the hospital 
for in situ simulation. (Photo 
courtesy of KidSIM Pediatric 
Simulation Program, Calgary, 
Canada)

 

Fig. 12.1  Examples of in situ 
simulation carts. a Minimal 
equipment needed: mannequin, 
basic supplies, and monitor 
versus b comprehensive console 
that contains mannequin, supply 
storage, technician console, cam-
eras for video, and debriefing 
capabilities and connections to 
power sources. (Photo courtesy 
of Seattle Children’s Hospital)
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Additional potential cost savings benefits can come from 
educating healthcare personnel while they are on duty rather 
than having to set aside separate time and money for off-site 
education. By bringing training to the learners, in situ ses-
sions can be incorporated throughout all clinical shifts, pro-
moting increased access to learning experiences for a larger 
number of staff.

Challenges

There are unique challenges with in situ simulation. Educa-
tional time may be limited as simulations may happen while 
staff are working and thus cannot leave their clinical respon-
sibilities for long. There are increased distractors such as fre-
quent interruptions from pagers, phone calls and patient care 
duties. Last-minute cancellations can occur when staff or pa-
tient rooms become unavailable due to high patient census or 
acuity. Debriefings, arguably the most important part of the 
simulation experience, may not be optimal; physical space 
may be confining and interfere with confidential debriefing 
or make video feedback challenging. Alternatively, in situ 
space may not physically accommodate all participants and 
observers that would like to attend.

The physical and cognitive demands on the simulation 
educator team are different for in situ simulation than for 
simulations performed within a center. For each simulation 
session, there is more time and effort needed for transpor-
tation of equipment, set-up, and tear-down, particularly for 
elaborate simulations (e.g., extracorporeal membrane oxy-
genation (ECMO)) [4, 6]. Inadequate cleanup after an in 
situ session has the potential to harm patients if real medical 
equipment or medications become contaminated with those 
used for simulation, and thus not for patient use. If the clini-
cal area is not appropriately restocked, this may result in in-
advertent threats to safety during a real-patient emergency if 
key supplies are missing or damaged [3, 7]. Rehearsal of the 
simulation may not be possible until just prior to training, if 
at all, due to limited availability of clinical simulation space. 
This may place additional cognitive burden on the educator 
team when equipment is forgotten or unexpectedly malfunc-
tioning, and there are no resources immediately available for 
replacement.

Finally, there are psychological safety concerns for par-
ticipants and unintended observers. A goal of simulation is 
to provide a safe learning environment but confidentiality 
may be difficult to preserve while in the hospital setting. 
During team training, an individual’s clinical weaknesses 
and knowledge gaps may be revealed to teammates who 
then later need to trust each other and work together. Other 
healthcare personnel who are not part of the educational ses-
sion may potentially observe and cast judgment on faults and 

mistakes that are made. In addition, families, patients, and 
visitors may experience anxiety after seeing chest compres-
sions or procedures performed, not understanding that it was 
a simulation [3, 7].

Effectiveness of In Situ Simulation

In situ simulation makes it easier to gather and train intact, 
interprofessional teams if the sessions occur while they are 
already on duty together. Training is more effective when 
healthcare teams rehearse communication and nontechni-
cal skills in their normal clinical setting, using real medical 
equipment, and learners function in their actual professional 
roles (e.g. nurse, respiratory, physician, pharmacy) [3, 8–10]. 
Hearing the perspectives of other healthcare professionals or 
clinical disciplines can further enrich the debriefing process. 
Immersive simulation training in teamwork and communica-
tion has been shown to improve recognition and management 
of deteriorating pediatric inpatients [11], survival outcomes 
after pediatric cardiac arrest, and time to task completion and 
team communication in the trauma bay [12–14].

In situ simulation also has the unique ability to examine the 
clinical environment, specific care processes, and healthcare 
systems in action for previously unidentified patient and 
staff safety concerns (see Chap. 5). Latent safety threats 
can be defects in design, organization, training, or mainte-
nance and can include equipment failure, personnel/system 
resource failures, and procedural failures. They can occur at 
the microsystem level (e.g., patient unit), or they might be 
rooted in organizational processes, at a macrosystem level 
(see Chap. 6). The simulation group of Cincinnati Children’s 
Hospital Medical Center performed a series of unannounced, 
recurring multidisciplinary in situ training sessions in an 
emergency department (ED) and on inpatient units and dis-
covered a higher rate of latent safety threats with in situ com-
pared to lab-based trainings [10, 15, 16]. Multiple examples 
in the literature have used in situ to test existing and newly 
designed clinical space and have shown discovery of missing 
or malfunctioning equipment, unsuitable room layout, medi-
cation errors, and knowledge and clinical skill deficits [10, 
15, 17–20].

Setting Up a Successful In Situ Simulation

Depending on the specific needs and target learners, in situ 
simulations have unique considerations to ensure that objec-
tives are met. In this section, we will discuss the why, who, 
what, where, when, and how of in situ simulation: the practi-
cal considerations of conducting successful in situ simula-
tion.
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Why?

Determining the specific learning objectives is one of the 
most critical steps in planning. Learning objectives should 
be observable, measurable, and meaningful. Objectives can 
focus on (1) instruction to develop and facilitate application 
of cognitive, technical, or teamwork competencies, (2) as-
sessment of performance or a healthcare delivery process, 
or (3) diagnostics of potential risks or system defects [21]. 
Most learning objectives depend on target learners. Target 
learners may be at the level of an individual (e.g., physician, 
nurse, or therapist), a healthcare team (e.g., code response 
team), a unit (e.g., representatives of all professions within 
an emergency department), or an organization (e.g., repre-
sentatives of various departments, enterprise-wide systems, 
and leadership or culture influencers) [22].

Let us examine three examples to illustrate how target ob-
jectives and learners drive practical decisions (who, what, 
where, when, and how).

Example One: Intubation Process in the Emergency 
Department
1. Target objective—instruction of technical and teamwork 

competencies.
2. Target learners—healthcare team.
The focus is training in the emergency department, with 
specific objectives including selection and preparation of 
equipment and medications, securement of the airway, and 
arrangement for safe patient transport.

Example Two: A New Chemotherapy Verification 
Process
1. Target objective—assessment of healthcare delivery pro-

cess.
2. Target learners—inpatient cancer unit.
The focus is assessment of a new process requiring a physi-
cian review of chemotherapy orders and medications with 
two nurses, immediately prior to administration.

Example Three: Evaluation of a New Critical Care 
Unit
1. Target objective—identification of patient safety and 

environmental threats.
2. Target learners—organization.
The goal is to identify and mitigate patient safety risks prior 
to opening a new critical care unit.

Who?

In situ training may be better suited for intermediate and ex-
perienced practitioners because the sessions and debriefings 
are often time-limited, leaving less time for teaching new 

concepts. The novice learner, who is still developing basic 
knowledge, skills, and attitudes, may benefit more from in-
struction in the controlled environment of a center: without 
time limits, distractions, and risk of unintended observers.

Target objectives and learners define the participants, 
content experts, and observers required. Participants may 
be part of active patient care teams, pulled from clinical 
duties, or be on standby, ready to simulate. Using on-duty 
teams provides an opportunity to assess competing clinical 
demands and the full impact of a process. Some programs 
use just-in-time training to simulate the likely deterioration 
of a current patient. This type of training acts as a dress re-
hearsal if that situation occurs. At risk is lack of engagement 
if participants remain focused on actual patient care, and the 
potential creation of real-patient safety risks while removed 
from their clinical duties. Choosing observers or facilitators 
with knowledge of the specific unit’s protocols and practices 
can maximize the richness of the debrief.

Let us examine our examples to help ensure you include 
WHO; you will need to participate in your simulation-based 
event to reach your target learners.

Example One: Intubation Process in the Emergency 
Department
The participant team would include the physician who 
makes medication selections for intubation and physically 
performs the procedure, the respiratory therapist who sets up 
and assists with all the equipment, the nurse who administers 
the medications and prepares all supplies for patient trans-
fer, and the technician who assists with transport. Observers 
may include educators responsible for training other team 
members or departmental quality improvement leaders who 
determine policies and procedures. As the target objective 
involves technical and teamwork competencies, the facilita-
tor should be capable of providing feedback on the medical 
knowledge and clinical skill specific to the procedure (endo-
tracheal intubation) as well as communication among team 
members.

Example Two: A New Chemotherapy Verification 
Process
Participants should include individuals physically and men-
tally involved in each step of the process. In this example, a 
unit clerk notifies providers that medications have arrived, 
and then a physician and two nurses review chemotherapy 
orders and the medication in the patient room independently. 
Use of staff actively involved in patient care to participate in 
the simulation would provide the richest insight into iden-
tifying barriers and tracking delays. Using auxiliary staff, 
designated only for the simulation, may fail to identify dis-
ruptions in workflow or patient safety risks created as real-
team members attempt to implement the new process. In this 
example, target learners include stakeholders who developed 
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this process and educators who will implement and support 
the change. Stakeholders are good candidates to monitor for 
safety risks, process breakdown, and opportunities for im-
provement.

Example Three: Evaluation of a New Critical Care 
Unit
Participants could include a representative care team: at-
tending and resident physicians, nurses, technicians, respira-
tory therapists, unit clerks, environmental services, security, 
pharmacy, and family representatives. Observers could in-
clude leadership for each of these groups plus engineering, 
supply delivery, construction, patient safety, human factors, 
marketing, etc. The more complete the participant and ob-
server team, the broader the range of experience available to 
identify safety risks, and the more invested and prepared the 
organization will be to respond.

What?

The target objectives determine the content of the session, 
including necessary equipment and issues to discuss in the 
debrief. Best practice is to utilize only existing equipment in 
the clinical environment. If training materials are substitut-
ed, placing them in the exact locations of actual equipment 
will facilitate the learners going through as many of the real 
mental and physical steps in the process as possible. With 
higher levels of physical fidelity, participants may be able 
to suspend their disbelief with lower fidelity mannequins or 
task trainers.

Example One: Intubation Process in the Emergency 
Department
The objective of instruction includes the acquisition of all 
medications and equipment, the physical placement, confir-
mation and securement of the endotracheal tube, and the ap-
plication of all safety monitors and devices for transport, in 
addition to teamwork competencies. A low-fidelity simulator 
could meet the technical and teamwork objectives. However, 
if recognition of respiratory failure is also a learning objec-
tive, a high-fidelity patient simulator may be needed to pro-
vide the appropriate physical cues.

Example Two: A New Chemotherapy Verification 
Process
Content of this simulation and debrief should focus on the 
new process from arrival of the chemotherapy, to physician 
and nurse notification, to completion of medication verifica-
tion. Equipment should include all communication systems 
(e.g., paging systems or phones) utilized in real time. Skip-
ping the real-time use of communication systems may fail 
to identify barriers or delays. Since the target objective does 

not involve administration of the medication or a patient, this 
scenario may not include a patient simulator.

Example Three: Evaluation of a New Critical Care 
Unit
The scope of this simulation could include a day in the life 
series of simultaneous simulations that mimic an actual day 
on that unit: for example, admissions, transfers, procedures, 
medication administration, complete care teams rounding on 
patients, and unexpected patient decompensation. Alterna-
tively, it may focus on a limited number of high risk, low 
frequency patient scenarios such as cardiopulmonary arrest. 
Both approaches could meet the objective of testing the new 
environment and identification of latent safety hazards. A 
broader scope will uncover a more exhaustive list of risks 
but require more resources.

Discussions with key stakeholders should weigh benefits 
of risk identification against resource limitations such as 
availability of staff, equipment, and simulators, in deciding 
the scope of testing. Ideally, any new technology (e.g., new 
defibrillator or bedside monitor) to be rolled out with the new 
unit should be incorporated into the scenarios. Equipment 
should be stocked in the expected locations where it will be 
once the unit is functional. Simulators may include multiple 
low- and high-fidelity mannequins and standardized patients 
being utilized in tandem, or in a resource-limited setting, one 
mannequin progressing through a series of simulations.

Where?

Clinical space availability may be volatile, affecting the du-
ration or scope of planned simulations and can be challeng-
ing to standardize, particularly for high-stakes assessment 
or research [21, 22]. If the space is needed for real patient 
care and participants/observers have been scheduled, it helps 
to have an alternate plan. This could be an unconventional 
space, such as a treatment room, bathroom, stairwell, or 
hallway, if it still addresses target objectives and learners. If 
not, rescheduling the session may be the best way to achieve 
targets. In either case, the more the simulation educator can 
anticipate and prepare participants and observers for contin-
gency plans, the more likely the session and future sessions 
are to be successful.

Progressive simulations follow a patient as they move 
from one clinical area to the next and can involve different 
clinical teams. Patient flow processes, transport skills, envi-
ronmental challenges, handovers, and communication issues 
or systems can be examined with a simulation that physically 
transitions from one space (e.g., ED to elevator to OR) and 
team (e.g., ED team to OR team) to the next.

Finding private space for participants to debrief can be 
challenging. Instructors can facilitate this process by moving 
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participants away from the site of care, even if it is to the side 
of the room. Reconfiguring the group, or drawing a curtain, 
to visually separate them from the patient care area can be 
helpful. If there are no alternatives other than to debrief at 
the bedside, minimizing distractors, such as turning off audi-
tory stimuli and discouraging cleaning up of the simulation/
clinical equipment, is a must. Additional efforts should be 
made to ensure that other providers, family members, and 
unintended observers not involved in the simulation cannot 
overhear the debrief.

When?

When is the best time to have your in situ simulation? Con-
duct the simulation to maximize your chance of guaranteeing 
both your space and learner availability while still address-
ing your objectives. Let us revisit our examples.

Example One: Intubation Process in the Emergency 
Department
As the target objective is instruction of technical and team-
work skills, this simulation can be scheduled. There are 
advantages and disadvantages to choosing different times 
of day. At low-census times, the emergency department in-
tubation room and staff participants are more likely to be 
available. Planning this session in coordination with other 
department meetings or trainings may make it easier to enlist 
team members. However, if the target objective is to assess 
the system under stress and identify latent safety threats, the 
simulation should be conducted during the busiest hours of 
the day.

Example Two: A New Chemotherapy Verification 
Process
Perform your simulation in real time to best examine how 
the process is expected to integrate into daily work flows. If 
the chemotherapy verification process is expected to occur at 
a time that potentially interrupts morning rounds, you should 
conduct the simulation at that time only. If this is not pos-
sible, include a discussion of how modifications made for 
the simulation might impact your discoveries during the de-
briefing. It is useful to conduct the simulation after most of 
the new process has been developed but prior to initiation of 
staff education. This ensures that safety concerns discovered 
during the in situ testing can be remediated, alterations to the 
process made, and staff trained to a refined process.

Example Three: Evaluation of a New Critical Care 
Unit
For the richest experience, the new unit should be patient 
ready before the in situ session. New technologies, such as 
communication systems, emergency alarms, computers, staff 

tracking devices, patient locator boards, and patient moni-
tors, should be in place. All equipment should be stocked 
in their new location. In addition, allow an adequate period 
of time following the simulation to mitigate risks, prior to 
opening of the unit for patient care.

HOW?

A common challenge with in situ is time limitations due to 
participants having concurrent clinical responsibilities. One 
solution is to use brief, individually targeted just-in-time in 
situ training to improve psychomotor skills. For example, 
a rolling refresher approach to maintain high-quality chest 
compression skills among pediatric intensive care staff has 
been shown to be effective [23]. This training is limited to 
less than 10 min at the start of the clinicians’ shifts. Another 
effective and efficient training and debriefing technique, 
particularly applicable to in situ simulation, is “Rapid Cycle 
Deliberate Practice” [24]. Directed feedback is given to the 
participant team as they repeatedly drill through a scenario, 
allowing multiple opportunities for deliberate practice of re-
suscitation skills and teamwork competencies in one session.

Another common challenge is providing training for staff 
from all shifts, including nights and weekends. Mitigation 
strategies include scheduling in situ sessions just before or 
after shift changes or including in situ sessions as part of 
mandatory training and meetings.

Scheduled Versus Impromptu Simulations
Scheduled simulations allow participants to mentally and 
emotionally prepare. It allows time for them to review 
knowledge or skill gaps, equipment, and processes. It also 
prepares them to set aside time to learn. For participants un-
accustomed to simulation, scheduled sessions allow facili-
tators to provide a prebriefing for setting expectations and 
potentially alleviating performance anxiety. This can help 
prime participants and optimize the learning experience.

Impromptu simulations promote the opportunity to exam-
ine the environment and processes in real time. If an im-
promptu simulation pulls clinical staff away from actual pa-
tient care, the team can examine safety risks and unintended 
consequences. But, without preparation beforehand or time 
to debrief, the learning potential may be diminished. By 
reviewing goals, creating a safe learning environment, and 
maintaining a clear agenda, a facilitator can mitigate feelings 
of resentment due to the disruption to the work day. This 
can prevent development of poor attitudes towards in situ 
simulation.

Target objectives and learners inform the mechanism by 
which performance will be measured and how feedback is 
provided. If the target learner is the participating healthcare 
team, a verbal and/or written summary may be sufficient to 
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reinforce learning objectives. There are multiple teamwork 
assessment tools available in the literature that may be use-
ful. If the target learners are enterprise-wide leadership, a 
formal written summary of findings and a reporting system 
may be required for dissemination. Regardless of the sys-
tem, identified deficiencies and mitigation strategies should 
be provided to stakeholders in a timely fashion.

The In Situ Simulation Educator
“The key factor to success lies less so in the site or tech-
nology delivered, but in the faculty that deliver it” [25]. In 
situ simulation educators will encounter challenges with 
scheduling interprofessional teams, frequent distractions, 
last-minute room and staff cancellations, and missing or 
malfunctioning equipment. These can provide unexpected 
learning opportunities that can complement or compete with 
target goals. Facilitators need to be resilient to this lack of 
consistency and innovative in adjusting learning objectives 
to the changing learning environment [4]. Educators need to 
be able to debrief an interprofessional and multidisciplinary 
team with learners of various subspecialty training and ex-
perience levels while concurrently identifying latent safety 
threats and opportunities for system-level improvement. 
Balancing these in situ challenges may require a different 
skill set than at a simulation center, and it has been suggested 
that faculty development specific to in situ simulation may 
be helpful [22].

Multi-institutional Mobile Simulation

Community hospitals in some regions and countries have 
limited access to simulation-based education and team train-
ing. Mobile simulation has the potential to inspire interest 
in simulation, patient safety issues, and cultural change in 
these institutions. It offers the opportunity to bring simula-
tion and team training to a wide range of healthcare provid-
ers in their own clinical environment. This can promote di-
rect translation of lessons learned during simulation to the 
local environment, including individual knowledge and skill, 
teamwork and human resources, patient care systems and 
supports, and physical space and equipment.

Multi-institutional mobile simulation is both resource and 
labor-intensive. Outreach education may need to occur over 
the course of one to several days in order to accomplish de-
sired objectives. Multi-institutional mobile simulation edu-
cators are challenged with conducting training in an unfamil-
iar environment and with participants who may be entirely 
unacquainted with simulation-based education. The facilita-
tor team needs to be flexible, adapting scenarios and learning 
objectives to the in situ environment promptly, particularly 
if the medical setting and team composition is different than 

anticipated or unforeseeable safety issues appear. Table 12.1 
lists some common complications and recommended solu-
tions for mobile simulation.

Clear communication and extensive advance planning 
with the host institution to determine their specific needs 
and set expectations is essential to create a safe environ-
ment for conducting a successful experience. Helpful in-
formation to exchange includes: (1) learning objectives and 
opportunities of in situ training including identification of 
latent safety threats; (2) the size of the simulation team and 
equipment storage needs; (3) the time frame including setup 
and dismantling of equipment, (4) course schedule; (5) mul-
tidisciplinary team composition and number of participants; 
(6) requirements for clinical space and use of real medical 
equipment.

It is essential to engage stakeholders for input. Consider 
creating a common curriculum that meets the needs of mul-
tiple institutions, which can promote consistency between 
and predictability for educators and stakeholders. This orga-
nization can help create additional benefits such as attaining 
continuing education credits for various professional orga-
nizations.

In addition, carefully consider the participants and their na-
tive teams. The format of the simulations may need to change 
from institution to institution, to reflect their healthcare 
teams. One institution may have a team of ten people; 
 another may be limited to only two or three. Creativity re-
garding the format of the simulations (e.g., one simulation 
with observers vs. multiple smaller rotating simulations) will 
have dramatic effects on both the participants’ experience 
as well as the number of educators and patient care spaces, 
which are required.

Figure 12.3 shows the extent of equipment required for 
transport to an institution for a successful mobile simulation. 
Figures 12.4 and 12.5 show a mobile simulation unit that has 
been modified to accept the in situ stretcher from Fig. 12.2, 
as well as the team that will perform the training. There 
should always be an opportunity for the institution to address 
questions and concerns with the simulation team. The more 
information the simulation team has obtained in advance, the 
fewer unexpected distractions will occur during the training.

Conclusions

In situ and mobile simulations allow participants to expe-
rience and examine their native work environment. Target 
learners can include the individual and team, as is common 
in center-based simulation, or extend to the hospital unit or 
an organization as a whole. In situ offers the unique ability to 
explore complex systems and interrelationships, at all levels 
of the healthcare delivery process.



160 T. Maa et al.

Po
te

nt
ia

l o
bs

ta
cl

e
R

ec
om

m
en

da
tio

ns
Pe

op
le

D
iff

ic
ul

ty
 c

oo
rd

in
at

in
g 

st
af

f a
t o

ut
si

de
 in

st
itu

tio
n

Id
en

tif
y 

bo
th

 n
ur

si
ng

 a
nd

 p
hy

si
ci

an
 c

on
ta

ct
s a

nd
 p

ro
vi

de
 d

et
ai

le
d 

co
m

m
un

ic
at

io
n 

to
 th

em
O

bt
ai

n 
pa

rti
ci

pa
nt

s’ 
e-

m
ai

l o
r c

on
ta

ct
 in

fo
rm

at
io

n 
an

d 
di

re
ct

ly
 p

ro
vi

de
 sc

he
du

le
s a

nd
 p

re
br

ie
f t

o 
th

em
Pa

rti
ci

pa
nt

s u
nf

am
ili

ar
 w

ith
 si

m
ul

at
io

n 
tra

in
in

g
E-

m
ai

l p
re

br
ie

f, 
w

hi
ch

 in
cl

ud
es

 e
xp

la
na

tio
n 

an
d 

ex
pe

ct
at

io
ns

 fo
r t

he
 d

ay
D

o 
no

t u
se

 u
na

nn
ou

nc
ed

 si
m

ul
at

io
n 

se
ss

io
n 

fo
r i

ni
tia

l e
xp

os
ur

e
Pa

rti
ci

pa
nt

 p
er

fo
rm

an
ce

 a
nx

ie
ty

Pr
ov

id
e 

a 
ve

rb
al

 p
re

br
ie

f b
ef

or
e 

st
ar

tin
g 

si
m

ul
at

io
ns

 to
 e

xp
la

in
 th

e 
sa

fe
 le

ar
ni

ng
 e

nv
iro

nm
en

t a
nd

 p
ur

po
se

 o
f t

he
 tr

ai
ni

ng
En

su
re

 lo
ca

l p
re

ss
 o

r l
ea

de
rs

hi
p 

do
es

 n
ot

 u
ne

xp
ec

te
dl

y 
co

m
e 

to
 o

bs
er

ve
 w

ith
ou

t n
ot

ic
e

K
ee

p 
in

iti
al

 d
eb

rie
fin

g 
fo

cu
se

d 
at

 th
e 

te
am

 a
nd

 sy
st

em
 le

ve
l b

ef
or

e 
ad

dr
es

si
ng

 a
n 

in
di

vi
du

al
’s

 p
er

fo
rm

an
ce

Tr
ai

ne
es

 a
re

 u
nm

ot
iv

at
ed

 to
 p

ar
tic

ip
at

e 
in

 si
m

ul
at

io
n 

an
d 

de
br

ie
fin

g
Id

en
tif

y 
a 

lo
ca

l c
ha

m
pi

on
 to

 a
dv

er
tis

e 
yo

ur
 v

is
it 

an
d 

ro
le

 m
od

el
 e

nt
hu

si
as

tic
 b

eh
av

io
r d

ur
in

g 
th

e 
se

ss
io

ns
C

on
si

de
r u

si
ng

 th
e 

“R
ap

id
 C

yc
le

 D
el

ib
er

at
e 

Pr
ac

tic
e”

 a
pp

ro
ac

h 
to

 e
nc

ou
ra

ge
 p

ar
tic

ip
at

io
n 

in
 g

ro
up

s t
ha

t n
ee

d 
w

ar
m

in
g 

up
 to

 
si

m
ul

at
io

n
U

nd
er

es
tim

at
ed

 si
ze

 o
f s

im
ul

at
io

n 
te

am
 n

ee
de

d
Id

ea
lly

 re
qu

ire
s a

t l
ea

st
 tw

o 
fa

ci
lit

at
or

s o
r f

ac
ili

ta
to

r a
nd

 te
ch

ni
ci

an
. T

o 
m

in
im

iz
e 

pa
rti

ci
pa

nt
 d

ow
n 

tim
e,

 b
rin

g 
en

ou
gh

 st
af

f t
o 

se
t 

up
/c

le
an

 u
p 

fo
r n

ex
t s

im
ul

at
io

n 
w

hi
le

 p
ar

tic
ip

an
ts

 a
re

 b
ei

ng
 d

eb
rie

fe
d

C
an

 e
nl

is
t a

dd
iti

on
al

 h
el

p 
fr

om
 h

os
tin

g 
fa

ci
lit

y
Eq

ui
pm

en
t/d

ev
ic

es
A

ud
io

vi
su

al
 (A

V
) s

ys
te

m
 is

 n
ot

 w
ire

le
ss

 b
ut

 v
id

eo
 d

eb
rie

fin
g 

is
 d

es
ire

d
Ve

rif
y 

w
ith

 h
os

t i
ns

tit
ut

io
n 

th
e 

m
ax

im
um

 d
is

ta
nc

e 
be

tw
ee

n 
si

m
ul

at
io

n 
an

d 
de

br
ie

fin
g 

ro
om

s
A

rr
an

ge
 fo

r A
V

 st
af

f a
t h

os
t f

ac
ili

ty
 to

 b
e 

av
ai

la
bl

e 
to

 h
el

p 
if 

ne
ed

ed
St

or
ag

e 
of

 si
m

ul
at

io
n 

eq
ui

pm
en

t i
f t

ra
in

in
g 

is
 >

 1 
da

y
Se

cu
re

 st
or

ag
e 

ar
ea

 o
f s

uf
fic

ie
nt

 si
ze

 n
ee

ds
 to

 b
e 

pr
e-

ar
ra

ng
ed

A
 lo

ca
l r

es
po

ns
ib

le
 p

er
so

n 
sh

ou
ld

 b
e 

na
m

ed
H

os
t i

ns
tit

ut
io

n 
di

d 
no

t a
cc

ou
nt

 fo
r s

et
-u

p 
an

d 
te

ar
 d

ow
n 

tim
e

Pr
ew

ar
n 

th
at

 m
ob

ile
 si

m
ul

at
io

n 
te

am
 m

ay
 n

ee
d 

up
 to

 3
 h

 o
n 

si
te

 b
ef

or
e 

th
e 

tra
in

in
g 

st
ar

ts
 a

nd
 1

–2
 h

 a
fte

r t
ra

in
in

g 
fo

r t
ea

r d
ow

n
C

lin
ic

al
 si

m
ul

at
io

n 
sp

ac
e 

ne
ed

s t
o 

be
 re

se
rv

ed
Eq

ui
pm

en
t u

ne
xp

ec
te

dl
y 

m
al

fu
nc

tio
ns

 o
r i

s m
is

si
ng

B
rin

g 
re

pl
ac

em
en

ts
 o

r r
ep

ai
r t

oo
ls

 fo
r c

rit
ic

al
 it

em
s

C
re

at
e 

ch
ec

kl
is

t o
f c

rit
ic

al
 it

em
s a

nd
 q

ua
nt

ity
 n

ee
de

d
Pr

ep
ar

e 
a 

ba
ck

-u
p 

si
m

ul
at

io
n 

pl
an

In
st

itu
tio

n 
re

fu
se

s t
o 

us
e 

re
al

 m
ed

ic
al

 e
qu

ip
m

en
t

A
sk

 in
st

itu
tio

n 
to

 c
re

at
e 

a 
si

m
ila

r c
ra

sh
 c

ar
t u

si
ng

 si
m

ul
at

io
n 

tra
in

in
g 

eq
ui

pm
en

t o
r b

rin
g 

a 
si

m
ul

at
ed

 c
ra

sh
 c

ar
t (

or
 a

t l
ea

st
 

co
nt

en
ts

)
D

ou
bl

e-
ch

ec
k 

si
m

ila
rit

y 
be

fo
re

 tr
ai

ni
ng

H
os

t s
ite

 p
ro

m
is

ed
 to

 p
ro

vi
de

 e
qu

ip
m

en
t b

ut
 it

 d
oe

s n
ot

 
sh

ow
 u

p 
an

d 
no

 o
ne

 is
 a

w
ar

e 
of

 th
e 

re
qu

es
t

Ve
rif

y 
eq

ui
pm

en
t n

ee
de

d 
w

ith
 o

n-
si

te
 c

on
ta

ct
 th

e 
da

y 
pr

io
r t

o 
tra

in
in

g
B

rin
g 

re
pl

ac
em

en
ts

/s
ub

st
itu

te
s f

or
 c

rit
ic

al
 it

em
s

Ta
bl

e 
12

.1
  M

ul
ti-

in
st

itu
tio

na
l m

ob
ile

 si
m

ul
at

io
n:

 le
ss

on
s l

ea
rn

ed



16112 In Situ Simulation

Po
te

nt
ia

l o
bs

ta
cl

e
R

ec
om

m
en

da
tio

ns
A

 re
al

 p
at

ie
nt

 e
m

er
ge

nc
y 

oc
cu

rs
 d

ur
in

g 
th

e 
tra

in
in

g 
se

ss
io

n
If

 y
ou

 a
re

 u
si

ng
 h

os
t s

ite
’s

 re
al

 m
ed

ic
al

 e
qu

ip
m

en
t, 

al
te

rn
at

iv
e 

cr
as

h 
ca

rts
 a

nd
 c

lin
ic

al
 e

qu
ip

m
en

t n
ee

d 
to

 b
e 

de
te

rm
in

ed
 

be
fo

re
ha

nd
En

su
re

 th
e 

en
tir

e 
he

al
th

ca
re

 te
am

 is
 a

w
ar

e 
of

 th
e 

pl
an

R
ea

l m
ed

ic
al

 e
qu

ip
m

en
t a

nd
 si

m
ul

at
io

n 
eq

ui
pm

en
t c

ou
ld

 b
e 

m
er

ge
d 

af
te

r t
ra

in
in

g
A

 lo
ca

l r
es

po
ns

ib
le

 p
er

so
n 

sh
ou

ld
 b

e 
na

m
ed

 to
 c

he
ck

 th
e 

m
ed

ic
al

 e
qu

ip
m

en
t

Sp
ec

ifi
c 

ad
ap

te
rs

 re
qu

ire
d 

to
 u

se
 lo

ca
l d

ef
ib

ril
la

to
r w

ith
 th

e 
m

an
ne

qu
in

Pr
e-

ch
ec

k 
th

e 
ty

pe
 o

f d
ef

ib
ril

la
to

r w
ith

 th
e 

in
st

itu
tio

n

Th
e 

si
m

ul
at

ed
 p

at
ie

nt
 c

ar
e 

ro
om

 h
as

 n
o 

co
m

pr
es

se
d 

ai
r 

su
pp

ly
Pr

e-
ch

ec
k 

w
ith

 th
e 

in
st

itu
tio

n 
if 

a 
co

m
pr

es
so

r i
s n

ee
de

d

Fa
ci

lit
y/

sp
ac

e
Ph

ys
ic

al
 sp

ac
e 

fo
r s

im
ul

at
io

n 
se

ss
io

n 
is

 u
nk

no
w

n 
to

 y
ou

r 
te

am
If

 p
os

si
bl

e,
 p

er
fo

rm
 a

 si
te

 in
sp

ec
tio

n 
pr

io
r t

o 
th

e 
si

m
ul

at
io

n 
da

te
 o

r a
llo

w
 ti

m
e 

to
 o

rie
nt

 to
 th

e 
lo

ca
l e

nv
iro

nm
en

t a
nd

 m
ed

ic
al

 
eq

ui
pm

en
t b

ef
or

e 
si

m
ul

at
io

n.
 A

 st
an

da
rd

iz
ed

 a
pp

ro
ac

h 
us

in
g 

a 
ch

ec
kl

is
t m

ay
 b

e 
us

ef
ul

. L
ST

s m
ay

 b
e 

un
co

ve
re

d 
in

 a
dv

an
ce

A
sk

 h
os

t s
ite

 to
 se

nd
 p

ic
tu

re
s o

r v
id

eo
 o

f t
he

 si
m

ul
at

io
n 

sp
ac

e
Pr

ov
id

e 
ho

st
 si

te
 w

ith
 a

 sc
he

m
at

ic
 o

f y
ou

r r
oo

m
 n

ee
ds

 (s
im

ul
at

io
n 

an
d 

de
br

ie
f s

pa
ce

, l
ec

tu
re

 ro
om

, s
to

ra
ge

)
Pe

rf
or

m
 a

 re
he

ar
sa

l a
fte

r s
et

tin
g 

up
 si

m
ul

at
io

n 
eq

ui
pm

en
t b

ut
 b

ef
or

e 
ed

uc
at

io
na

l s
es

si
on

D
id

 n
ot

 c
on

si
de

r l
og

is
tic

s o
f p

ar
ki

ng
 a

nd
 e

qu
ip

m
en

t 
un

lo
ad

in
g/

lo
ad

in
g

A
rr

an
ge

 a
ll 

lo
gi

st
ic

s b
ef

or
eh

an
d 

(e
qu

ip
m

en
t t

ra
ns

po
rt 

ve
hi

cl
e,

 h
ot

el
 ro

om
s, 

m
ea

ls
, i

nf
ec

tio
n 

co
nt

ro
l i

n 
op

er
at

in
g 

ro
om

s, 
et

c.
)

In
 si

tu
 si

m
ul

at
io

n 
sp

ac
e 

is
 li

m
ite

d 
or

 u
ne

xp
ec

te
dl

y 
oc

cu
pi

ed
 

fo
r p

at
ie

nt
 c

ar
e

B
e 

cr
ea

tiv
e 

in
 fi

nd
in

g 
in

 si
tu

 si
m

ul
at

io
n 

sp
ac

e:
 b

at
hr

oo
m

, t
re

at
m

en
t r

oo
m

s, 
nu

rs
in

g 
st

at
io

n,
 e

tc
. A

nd
 d

eb
rie

fin
g 

ro
om

s:
 p

ar
en

t 
co

ns
ul

ta
tio

n 
ro

om
s, 

ba
lc

on
ie

s, 
st

af
f r

oo
m

, e
tc

.
A

 b
ac

k-
up

 ro
om

 p
la

n 
sh

ou
ld

 b
e 

pr
ea

rr
an

ge
d

Sy
st

em
/c

ul
tu

ra
l

Pa
re

nt
s m

ig
ht

 b
e 

in
tim

id
at

ed
 b

y 
no

is
e 

an
d 

ac
tio

n
Pr

eb
rie

f p
ar

en
ts

 a
nd

 d
is

pl
ay

 a
n 

in
fo

rm
at

io
n 

sh
ee

t a
t t

he
 u

ni
t

Si
gn

ifi
ca

nt
 L

ST
s w

er
e 

di
sc

ov
er

ed
 b

ut
 n

ot
 re

m
ed

ia
te

d
C

on
ta

ct
 h

os
t i

ns
tit

ut
io

n’
s k

ey
 st

ak
e 

ho
ld

er
s, 

pa
rti

cu
la

rly
 fr

om
 q

ua
lit

y 
im

pr
ov

em
en

t o
r p

at
ie

nt
 sa

fe
ty

 d
ep

ar
tm

en
ts

, a
nd

 re
qu

es
t 

th
ei

r i
nv

ol
ve

m
en

t d
ur

in
g 

th
e 

si
m

ul
at

io
n 

da
y

Ta
ke

 p
ic

tu
re

s o
f f

au
lty

 e
qu

ip
m

en
t o

r p
hy

si
ca

l l
ay

ou
t t

o 
in

cl
ud

e 
in

 th
e 

fo
llo

w
-u

p 
re

po
rt

LS
Ts

 la
te

nt
 sa

fe
ty

 th
re

at
s

Ta
bl

e 
12

.1
 (

co
nt

in
ue

d)



162 T. Maa et al.

References

 1. Hays RT, Singer MJ. Simulation fidelity in training system design: 
bridging the gap between reality and training. New York: Springer-
Verlag; 1988.

 2. Allan CK, Thiagarajan RR, Beke D, Imprescia A, Kappus LJ, 
Garden A, et al. Simulation-based training delivered directly to the 
pediatric cardiac intensive care unit engenders preparedness, com-
fort and decreased anxiety among multidisciplinary resuscitation 
teams. J Thorac Cardiovasc Surg. 2010;140(3):646–52.

 3. Weinstock PH, Kappus LJ, Garden A, Burns JP. Simulation at the 
point of care: reduced-cost, in situ training via a mobile cart. Pedi-
atr Crit Care Med. 2009;10:176–81.

 4. Clapper TC. In situ and mobile simulation: lessons learned… authen-
tic and resource intensive. Clin Simul Nurs. 2013;9(11):e551–7.

 5. Calhoun AW, Boone MC, Peterson EB, Boland KA, Montgomery 
VL. Integrated in-situ simulation using redirected faculty educa-
tional time to minimize costs: a feasibility study. Simul Healthc. 
2011;6:337–44.

 6. Patterson MD, Blike GT, Nadkarni VM. In situ simulation: chal-
lenges and results. In: Henriksen K, Battles JB, Keyes MA, et al., 
editors. Advances in patient safety: new directions and alternative 
approaches (Vol. 3: Performance and tools). Rockville: Agency for 
healthcare research and quality (US); 2008. http://www.ncbi.nlm.
nih.gov/books/NBK43682/.

 7. Raemer DB. Ignaz Semmelweis Redux? Simul Healthc. 
2014;9:153–5.

 8. Kobayashi L, Patterson MD, Overly FL, Shapiro MJ, Williams 
KA, Jay GD. Educational and research implications of portable 
human patient simulation in acute care medicine. Acad Emerg 
Med. 2008;15:1166–74.

 9. Miller KK, Riley W, Davis S, Hansen HE. In situ simulation: a 
method of experiential learning to promote safety and team behav-
ior. J Perinat Neonatal Nurs. 2008;22(2):105–13.

10. Wheeler DS, Geis G, Mack EH, LeMaster T, Patterson MD. High-
reliability emergency response teams in the hospital: improving 
quality and safety using in situ simulation training. BMJ Qual Saf. 
2013;22:507–14.

11. Theilen U, Leonard P, Jones P, Ardill R, Weitz J, Agrawal D, 
Simpson D. Regular in situ simulation training of paediatric medi-
cal emergency team improves hospital response to deteriorating 
patients. Resuscitation. 2013;84(2):218–22.

12. Andreatta P, Saxton E, Thompson M, Annich G. Simulation-based 
mock codes significantly correlate with improved pediatric patient 
cardiopulmonary arrest survival rates. Pediatr Crit Care Med. 
2011;12(1):33–7.

Fig. 12.5  Schematic of the mobile simulation unit shown in Fig. 12.4 
is designed to accommodate stretchers, simulation equipment, clini-
cal equipment, and the education team that will perform the training. 
(Photo courtesy of eSIM Provincial Simulation Program, Albert Health 
Services)

 

Fig. 12.4  Example of a mobile simulation unit modified to accom-
modate the in situ stretcher from Fig. 12.2. (Photo courtesy of eSIM 
Provincial Simulation Program, Albert Health Services)

 

Fig. 12.3  Equipment needed to 
provide a comprehensive multi-
institutional mobile simulation. a 
Packed and ready for transport. b 
During unpacking and setting up. 
(Photo courtesy of PAEDSIM e.V., 
Germany)

 

http://www.ncbi.nlm.nih.gov/books/NBK43682
http://www.ncbi.nlm.nih.gov/books/NBK43682


16312 In Situ Simulation

13. Steinemann S, Berg B, Skinner A, DiTulio A, Anzelon K, Terada 
K, et al. In situ, multidisciplinary, simulation-based teamwork 
training improves early trauma care. J Surg Educ. 2011;68(6):472–
7.

14. Miller D, Crandall C, Washington C, McLaughlin S. Improving 
teamwork and communication in trauma care through in situ simu-
lations. Acad Emerg Med. 2012;19(5):608–12.

15. Patterson MD, Geis GL, Falcone RA, LeMaster T, Wears RL. In 
situ simulation: detection of safety threats and teamwork training 
in a high risk emergency department. BMJ Qual Saf. 2013;22:468–
77.

16. Wetzel EA, Lang TR, Pendegrass TL, Taylor RG, Geis GL. Iden-
tification of latent safety threats using high-fidelity simulation-
based training with multidisciplinary neonatology teams. Jt Comm 
J Qual Patient Saf. 2013;39(6):268–73.

17. Kobayashi L, Shapiro MJ, Sucov A, Woolard R, Boss RM 3rd, 
Dunbar J, et al. Portable advanced medical simulation for new 
emergency department testing and orientation. Acad Emerg Med. 
2006;13(6):691–5.

18. Geis GL, Pio B, Pendergrass TL, Moyer MR, Patterson MD. Simu-
lation to assess the safety of new healthcare teams and new facili-
ties. Simul Healthc. 2011;6(3):125–33.

19. Guise JM, Mladenovic J. In situ simulation: identification of sys-
tems issues. Semin Perinatol. 2013;37(3):161–5.

20. O’Leary F, McGarvey K, Christoff A, Major J, Lockie F, Chayen 
G, et al. Identifying incidents of suboptimal care during pediatric 
emergencies—an observational study utilizing in situ and simula-
tion center scenarios. Resuscitation. 2014;85:431–6.

21. Groom JA. Creating new solutions to the simulation puzzle. Simul 
Healthc. 2009;4(3):131–4.

22. Rosen MA, Hunt EA, Pronovost PJ, Federowicz MA, Weaver 
SJ. In situ simulation in continuing education for the health care 
professions: a systematic review. J Contin Educ Health Prof. 
2012;32(4):243–54.

23. Niles D, Sutton RM, Donoghue A, Kalsi MS, Roberts K, Boyle 
L, et al. “Rolling Refreshers”: a novel approach to maintain CPR 
psychomotor skill competence. Resuscitation. 2009;80:909–12.

24. Hunt EA, Duval-Arnould JM, Nelson-McMillan KL, Bradshaw 
JH, Diener-West M, Perretta JS, et al. Pediatric resident resuscita-
tion skills improve after “rapid cycle deliberate practice” training. 
Resuscitation. 2014;85:945–51.

25. Weinstock P. Weathering the perfect storm: a deeper look at sim-
ulation applied to pediatric critical care. Pediatr Crit Care Med. 
2012;13(2):226–7.



Part III

Pediatric Simulation for  
Professional Development



167

13Simulation Along the Pediatric 
Healthcare Education Continuum

Aaron William Calhoun, Elaine Sigalet, Rebekah Burns and  
Marc Auerbach

© Springer International Publishing Switzerland 2016
V. J. Grant, A. Cheng (eds.), Comprehensive Healthcare Simulation: Pediatrics,  
Comprehensive Healthcare Simulation, DOI 10.1007/978-3-319-24187-6_13

A. W. Calhoun ()
Department of Pediatrics, Division of Critical Care, University of 
Louisville School of Medicine, Kosair Children’s Hospital, Louisville, 
KY, USA
e-mail: Aaron.calhoun@louisville.edu

E. Sigalet
Department of Education, Sidra Research and Medical Center, Doha, 
Qatar
e-mail: esigalet@sidra.org

R. Burns
Department of Pediatrics, Division of Emergency Medicine, 
 University of Washington School of Medicine, Seattle, WA, USA
e-mail: Rebekah.burns@seattlechildrens.org

M. Auerbach
Department of Pediatrics, Section of Emergency Medicine, Yale 
 University School of Medicine, New Haven, CT, USA
e-mail: marc.auerbach@yale.edu

Simulation Pearls

1. The healthcare education process spans a wide contin-
uum, with each phase possessing unique characteristics 
and challenges.

2. Simulation has been demonstrated to be an effective tool 
for addressing the challenges at each level of the healthcare 
education continuum, including the teaching of basic 
knowledge, teamwork, procedural skills, attitudes, and 
team performance constructs such as communication 
skills.

3. Simulation is an ideal venue for introducing stakehold-
ers to the concept of interprofessional (IP) education. It 
provides an opportunity for them to learn from, with, and 
about each other as they learn to work effectively together 
to manage pediatric illness.

4. Future developments in simulation across the healthcare 
education continuum should focus on improving learner 
transitions between educational phases.

Introduction

Educational needs change considerably as learners progress 
from undergraduate to graduate educational environments 
and then from graduate to the ongoing professional educa-
tion that occurs during clinical practice. Despite advances 
in curricula design and instructional methods, medical, 
nursing, and other students in healthcare programs perform 
a significant fraction of their education in preclinical set-
tings using didactic sessions, small group discussions, and 
problem-based learning to acquire and master new knowl-
edge and skills. As they graduate, however, this environment 
changes. At this phase, emphasis is on delivery of care in an 
IP context, but given the pace at which new knowledge is 
generated, ongoing educational processes are still needed to 
assure that practitioners can maintain a current knowledge 
base and skill set. While clinicians often rely on conferences 
and other continuing professional development (CPD) ac-
tivities for this education, studies indicate that these methods 
often have little impact [1].

Medical students are required to go through an additional 
transitional phase of residency (and possibly fellowship edu-
cation) that exists between these two environments. Increased 
supervision and decreased autonomy, however, may lead to 
residents feeling unprepared for the transition to independent 
practice [2]. Furthermore, in the graduate medical environ-
ment, they experience more stringent time constraints due to 
both the demands of clinical practice and government man-
date while still being expected to maintain their role as learn-
ers [3]. Scheduling issues may become even more a barrier 
as graduates transition into the independent practitioner role. 
Salient differences between these environments are graphi-
cally depicted in Fig. 13.1.

Given these challenges, technology-enhanced education-
al modalities, such as e-learning and simulation, are being 
increasingly relied upon to assist learners in transitioning 
between these environments [4]. In particular, simulation-
based educational methodologies have been utilized across 
the spectrum of medical education [3, 5]. In this chapter, 
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we  describe the use of simulation to address the educational 
needs of diverse groups of learners and the science behind the 
implementation of various strategies in the hopes of allowing 
educators to more effectively engage with their learners.

The structure of the chapter includes a discussion of:
• Pediatric simulation in undergraduate education
• Pediatric simulation in graduate medical education
• Pediatric simulation in CPD
• Pediatric IP simulation across the education continuum
• A consideration of the research needs and future peda-

gogical directions of simulation-based education (SBE) 
across the healthcare education continuum

Initial discussion in each area will focus on both the science 
of simulation as it has been applied to the specific problems 
inherent to each level of education. We will then discuss pro-
gram implementation, both within and across these domains. 
It is our hope that this chapter will inform readers as to what 
is known and enhance their ability to address educational is-
sues that transcend the domains presented.

Undergraduate Education

The paradigm shift in undergraduate health professional ed-
ucation from a traditional apprenticeship model to a compe-
tency-based model has led to many programs integrating the 
basic sciences with clinical sciences early in training [6]. As 
a result, students must be prepared to interact in the clinical 
environment at an earlier phase in their training. Programs 
are accountable for this change and need to ensure that new 
curricula are designed to address these goals. Educators must 

understand the theory of skill acquisition so they can develop 
learning objectives appropriate to novices. In particular, stu-
dents require earlier experience with deliberate practice. De-
liberate practice, or mastery-based learning theory, refers to 
an instructional method where learners continue to rehearse 
the application of knowledge or a specific task in a mentored 
setting until mastery is achieved [7]. Simulation potentiates 
this technique by providing a standardized educational envi-
ronment where the skill in question can be practiced as many 
times as the learner’s assigned educational time and need al-
lows. Deliberate practice-based simulations require students 
to be attentive, reflect on performance, and repeat actions 
until they feel confident and demonstrate a specified level of 
competence [8]. This design gives students the opportunity 
to increase their confidence and level of competency before 
being asked to interact with real patients.

SBE also facilitates planned experiences to support cur-
riculum delivery via timely exposure, in a controlled edu-
cational environment, and with enhanced mechanisms for 
student feedback [9]. This approach gives learners an op-
portunity to experiment with clinical practice, facilitating 
conceptualization of principles supporting best practice in 
healthcare delivery [10]. The element of facilitator control is 
an important facet of SBE. Educators make decisions about 
what type of experiences will support the learning objectives 
and the required level of complexity to facilitate learning for 
a specific group or individual [9]. This approach can move 
the learner along the continuum of competency from entry to 
graduation in a more efficient manner by creating a bridge 
between classroom learning and the clinical environment 
without creating risk to real patients and families [11].

Undergraduate Graduate Ongoing

Clinical Time

Educational Time

Learning Environment Learning Environment Learning Environment
•   Predominantly
    classroom and
    small-group
•   Some clinical
    exposure
•   Typically single-
    discipline

•   Clinically focused
•   Interprofessional
•   Little opportunity
    for focused
    educational time

•   Predominantly
    clinical
•   Interprofessional
•   Substantial
    mentoring
•   Substantial lecture
    and classroom time

Fig. 13.1  The spectrum of 
educational environments in 
health care. This figure depicts 
the relationships between edu-
cational and clinical time within 
the undergraduate, graduate, and 
continuing professional develop-
ment environments. As learners 
progress from preclinical educa-
tion to graduate education and 
finally to practice, the relative 
balance between educational and 
clinical time shifts substantially. 
Common educational method-
ologies used in each phase have 
been included.
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State of the Science

The past four decades have seen an explosion of publica-
tions in SBE, from two publications in 1972 to almost 1200 
publications today [12, 13]. Most of the literature focuses 
on undergraduate medical and nursing education, though 
a limited number of articles exist providing scientific sup-
port for the effective use of simulation in the education of 
allied health professions such as physiotherapy and phar-
macy [14, 15]. This suggests that institutions, faculty, and 
stakeholders are committing resources to simulation in 
undergraduate health professional education. The majority 
of these studies focus on curriculum development, assess-
ment, and strategies for addressing technical skill acquisi-
tion. In a recent systematic review, 19 studies noteworthy 
for the rigor of their research designs were identified [16]. 
The majority of these studies focused on technical skills, 
with three also addressing nontechnical skills [17–19]. In 
all but one study, assessment of the curricula supported an 
increase in student knowledge [16]. Only one of these stud-
ies, however, focused on the technical skill needed to effec-
tively manage pediatric illnesses [19]. Unfortunately, little 
research has examined skill transfer to actual patient care 
in medical education. However, in undergraduate nursing 
education there is good evidence to support the efficacy of 
curricula that transfers to clinical practice. Noteworthy is 
a recently published study that examined the impact of re-
placing a percentage of clinical practice with SBE. Results 
show that SBE can replace up to 50 % of clinical practice in 
North America in undergraduate nursing programs with no 
significant impact on student performance as measured by 
the national nursing exam scores (national council licensure 
examination, NCLEX). Importantly, there was no adverse 
effect on the transition to real practice settings measured 
at 6 months after graduation [20]. This is the first known 
study to achieve this level of outcome in undergraduate 
SBE. In addition to knowledge and procedural skills, criti-
cal thinking may be improved with SBE. Although there 
are few studies that evaluate the effectiveness of this ap-
proach, what can be found is encouraging. One study of 
237 nursing students noted a significant improvement in 
critical thinking after engagement with simulation-based 
coursework [21].

Simulation may also overcome barriers to engagement 
that can be experienced when educational programs are over-
ly reliant on didactic teaching and assessment of knowledge. 
A study examining perceptions of traditional medical edu-
cation curricula uncovered that many students feel checked 
out or intellectually disengaged in classroom sessions and 
believe that their time was better spent memorizing knowl-
edge for an upcoming test [22]. This suggests that some 
programs are still reliant on knowledge-based assessments 
and may need a greater focus on the application of knowl-

edge to adequately prepare undergraduate students for the 
demands of the clinical environment. A number of studies 
in the field of undergraduate nursing education also support 
this. A recent meta-analysis in undergraduate nursing edu-
cation demonstrated the effectiveness of SBE in improving 
attitudes, knowledge, and skills, as well as the application of 
these to actual practice [23]. The study did reveal, however, 
that there is a paucity of pediatric focused simulation-based 
curricula.

Overall, the existing literature supports the use of careful-
ly constructed simulation-based educational opportunities in 
the preparation of students for the demands of real practice, 
and that these interventions can result in good knowledge 
transfer to the real environment. Given that required clini-
cal rotations often reach capacity, particularly for nursing 
students, simulation appears to offer a viable alternative for 
undergraduate learners [24].

Program Implementation

As is evident from the breadth of the literature discussed 
above, simulation-based programs have already found wide-
spread acceptance in the undergraduate nursing and medi-
cine contexts. In 2011, the Association of American Medical 
Colleges conducted a survey on the prevalence of simula-
tion at the medical school level [25]. According to this study, 
92 % of participating medical schools used simulation in 
some way, and 86 % of associated teaching hospitals also 
used simulation. This finding is also supported by a national 
survey of pediatric clerkship directors completed in 2012 
[26]. In this study, 89 % of 72 responding clerkship directors 
reported using simulation in some form. These surveys indi-
cate that SBE has already achieved an overwhelming preva-
lence at the undergraduate level, and mastering this means of 
delivering educational curricula will likely continue to pay 
dividends well into the future.

When incorporating simulation into undergraduate edu-
cation, it is important to follow established steps in curri-
cula design [9]. The first step is problem identification. Who 
are the learners (profession, phase in training program, and 
current level of experience) and what do the learners need 
to know and do? Step two is a needs analysis. Are there 
specific needs of the learners that you need to understand 
before developing learning objectives? In step three, learn-
ing objectives are developed based on information from the 
needs analysis or educational program leaders. Objectives 
should challenge the learner’s cognitive entry behaviors 
but not overwhelm the learner. Engaging simulation as a 
learning modality is appropriate when the learner achieve-
ment of the learning objectives would benefit from deliber-
ate practice or the theory of experiential learning. Scenario 
development is the curriculum content, the first step of the 
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educational strategy detailed in step four. For less experi-
enced learners, a simpler scenario intended to teach basic 
paradigms of care in a distraction-free environment may be 
best. Although high environmental fidelity is often held out 
as the ideal, this must be balanced with the increased cogni-
tive load produced by such environments. Excessive cogni-
tive load has been associated with diminished retention of 
knowledge (Chap. 1) [27]. For more experienced learners, 
however, higher environmental fidelity may be desired, as 
this will allow for a more realistic experience that may trans-
late more readily to the clinical environment. Additionally, 
in this phase it is necessary to be sure that adequate per-
sonnel, equipment, and space exists to efficiently move the 
large groups of learners through their required coursework. 
Step five is implementation. A related consideration is how 
far the case should progress toward a negative outcome, as 
a number of recent articles have been published focusing on 
emotionally difficult scenarios that suggest mitigating the 
impact of these cases to undergraduate learners may be best 
[28–31]. The last step is feedback and evaluation. Faculty 
need to make a judgment about the efficacy of the curricu-
lum. Did the learners achieve the learning objectives and if 
not, why not? This information should be used to revise the 
curriculum before delivering it to another cohort of learn-
ers. Stand-alone simulation centers, unless directly associ-
ated with the academic training center, provide capacity for 
engaging simulation; however, there are usually financial 
implications for the program that must be planned for in the 
early phases of curricula design.

Postgraduate Education

The application of simulation-based educational methodolo-
gies to pediatric postgraduate training has been widespread, 
and, correspondingly, has produced a robust literature [32]. 
One telling study sought to quantify the number of pediat-
ric emergency medicine programs that incorporated high-
fidelity simulation into their routine training activities. A 
total of 66 programs throughout the USA and Canada were 
surveyed. Of the 51 programs that responded, 63 % were 
using high-fidelity simulation to teach a broad array of skills 
including management of medical emergencies, procedural 
skills, and medical decision-making [33]. The past decades 
have also seen the development of simulation boot camps 
designed to train incoming interns and fellows in an attempt 
to avoid the July effect, seen as novice trainees begin to fill 
new patient care roles [34]. Programs of this nature have 
been described for internal medicine and pediatric critical 
care medicine [34, 35]. They have been shown to be logi-
cally feasible and to result in improved clinical performance 
and trainee confidence [34].

State of the Science

A number of publications focus on the application of high-fi-
delity simulation to resuscitation training. This is not surpris-
ing, given the roots in airline crew resource management and 
the correlation between the skills needed in that environment 
with those required during a medical crisis (Chap. 4) [36]. 
Studies have demonstrated the positive effect of simulation 
training on team performance, timeliness of essential pro-
cedures, resuscitation team self-perception and confidence, 
and hospital survival rates for pediatric arrests [37–39]. Sev-
eral studies have also addressed the addition of a deliberate 
practice educational methodology to team training [38, 40]. 
This technique has been used to good effect in simulated en-
vironments and should be strongly considered when devel-
oping curricula. [35, 40–42].

Another area in which simulation has found particular ap-
plicability to postgraduate pediatric education is in the do-
main of procedural skills (see Chap. 11) and sedation. Given 
current work-hour restrictions, it is becoming increasingly 
difficult for pediatric residents to obtain adequate practice 
with crucial procedures [43–45]. Simulation is becoming a 
growing modality used to fill this gap [46]. One common 
procedure that has been extensively studied is lumbar punc-
ture (LP), with data suggesting that performance skills can 
be significantly improved using simulation-based training 
methodologies, though it is less clear how many sessions 
are needed to effect this change [47–49]. LP skills have also 
been shown to transfer between the simulated and real envi-
ronments [49]. Another procedure that has been extensively 
investigated is endotracheal intubation, a procedure that is 
both critical and high risk. Simulation-based training has 
been demonstrated to significantly improve airway team in-
terpersonal interactions, intubation success rates, and to de-
crease time to successful intubation among trainees [50–52]. 
Unlike LP, however, the literature on skill transfer is mixed 
[52, 53].

Finally, a number of publications have addressed the area 
of communication skills training in pediatrics (see Chap. 23). 
Skills that have been taught in the postgraduate environment 
using simulation include the delivery of difficult news, com-
munication surrounding medical error, and conflict resolu-
tion both within the medical team and between the team 
and patient family members [54–61]. While some of these 
studies are descriptive in nature, many have shown positive 
improvements in learner confidence, perceived skill, and 
qualitative measures of emerging conversational themes 
that could be traced to the intervention [54, 58, 60]. IP team 
communication in graduate medical education has also been 
addressed using simulation. In particular, crisis team com-
munication and communication regarding errors have been 
addressed [28, 38, 62]. Some factors, such as the effect of 
hierarchy and authority gradients on medical errors during 
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crises, can be difficult to address without recourse to medical 
simulation [28, 62].

Program Implementation

It is clear that a great deal of research has been performed with 
regard to graduate level simulation in pediatrics, with value 
demonstrated in a myriad of ways. Still, the practical issues 
of how such a program can be implemented remain. Many 
graduate level simulation programs opt to use a freestanding 
simulation center affiliated with their institution, and, if such 
is available, this can be an excellent approach. If, however, 
such a program is not available, or is available but requires 
a prohibitive transit time, then other options exist. One tech-
nique is the creation of an in-hospital simulation suite [63, 
64]. Such an approach has been successfully adopted by a 
number of institutions, and requires the conversion of one 
or more clinical beds into part-time or full-time simulation 
spaces. While still potentially costly, this approach effec-
tively removes the distance issue from the equation. Having 
a simulation program on-site can significantly enhance the 
ease at which IP activities can be conducted, as it is often 
much more difficult to free nursing staff from clinical duties 
than it is to generate resident educational time [63, 64]. One 
exemplar program that has adopted this strategy reported an 
initial construction cost of $290,000, and ongoing costs of 
approximately $67,875 per year [63].

As space is at a premium in many hospitals such a strat-
egy may not work at many institutions. For those in this situ-
ation, adopting an in situ approach may be the most cost and 

space effective. In situ simulation refers to the use of simula-
tion equipment in functional clinical space to achieve an im-
promptu educational environment (see Chap. 12) [65]. While 
sometimes used in an unannounced fashion to perform sys-
tems testing, it is also possible to use in situ methodology to 
develop graduate level simulation programs that require no 
permanent educational space. Using this approach, simula-
tors are placed on mobile carts that allow for easy transport to 
different clinical domains, and sessions are scheduled based 
on predicted space availability [64, 66]. Such programs are 
often more cost-effective as there is no need for large-scale 
infrastructure. One program reported an initial startup cost of 
$128,921, and ongoing yearly costs of $11,695 for the first 2 
years of operation [64]. Current operational data shows that 
this program presently conducts approximately 360–370 
simulation sessions per year with 440–420 education hours 
provided. In situ programs do have their limitation, such as 
the possibility of session cancellation due to capacity issues 
necessitating the need to identify backup spaces in which 
to conduct simulations. Still, this approach offers a means 
by which graduate medical programs with little space and 
financial support can conduct SBE. Table 13.1 depicts the 
strengths and weaknesses of each approach.

At present, curricula are frequently developed locally, 
which can lead to significant divergence and a concurrent 
need for standardization. Here, reference to national guide-
lines such as the Accreditation Council for Graduate Medical 
Education Milestones Project (in the USA), can be of use, 
as these provide a global framework to which curricula can 
adhere [67]. Despite this anchor, however, the temptation 
will always be present to develop material without reference 

Table 13.1  A comparison of different approaches to graduate medical simulation
Off-site simulation center On-site simulation center In situ program

Benefits Resource-rich Lack of transit time makes learner 
attendance easier

Lower startup and ongoing costs

Often easy to schedule sessions Easy scheduling Lack of transit time makes learner 
attendance easier

Low cancellation rate Easy to organize interprofessional 
sessions

Easy to organize interprofessional 
sessions

Ease of audiovisual recording Low cancellation rate High environmental fidelity
Possible ease of audiovisual recording 
(site-specific)

Drawbacks Location and resulting transit time can 
make attendance difficult

Costly to build and maintain Higher cancellation rate due to lack of 
required space

Can be difficult to organize interprofes-
sional sessions

Requires adequate clinical space Higher cancellation rates due to compet-
ing clinical demands

Costly to build and maintain Dependence of audiovisual recording on 
portable devices

Lower environmental fidelity
This table lists the strengths and benefits of different simulation program operational structures as they pertain to graduate level simulation. 
 Off-site and on-site simulation centers as well as in situ approaches are included
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to the strategies other institutions have used to approach the 
same issues. Overcoming this will require deliberate col-
laboration among educators during all phases of curriculum 
design as well as thorough searches of the literature to un-
cover existing curricula that could be built upon. To that end, 
we have cited here a number of published curricula for this 
purpose [4, 35, 68–70].

An additional consideration for standardization is that of 
outcome assessment, as different curricula often focus on 
different primary educational outcomes. While this is often 
unavoidable, defining similar outcomes in a more cohesive 
manner would improve inter-curricular crosstalk and allow 
for a more transferable understanding of a given learner’s 
or team’s skillset. With this in mind, a group of educators 
have embarked on the development of simulation data regis-
try with standardization of case outcomes as a primary goal 
[71]. Though this is a pilot effort at present, we are enthusi-
astic that this could represent a move toward a more cohe-
sive inter-programmatic approach.

Continuing Professional Development

CPD programs, such as continuing medical education, tra-
ditionally utilize didactic conferences or self-guided read-
ing with multiple-choice questions. Participation in CPD is 
a component of lifelong learning and is often required for 
maintenance of certification and/or licensure in one’s pro-
fession, such as pediatric medicine, nursing, or other related 
subspecialties. While most simulation-based educational 
techniques and technology have historically been used to 
target undergraduate and graduate learners, their use in CPD 
is increasing. Simulation interventions also offer the ability 
to explicitly utilize IP approaches that engage participants 
across specialties and along the continuum of training. Ad-
ditionally, computer-based simulation and e-learning has 
grown exponentially in the past decade through the adoption 
of online learning management systems at academic medi-
cal centers as part of the accreditation process [72]. These 
programs are leveraging web-based and experiential learn-
ing theory to provide ongoing education to their members.

Continuing education can involve the application of 
simulation for both formative and summative assessment. In 
professional situations such as this, the consequences of as-
sessment are greater (perhaps even involving maintenance 
of licensure and credentialing) and thus require a signifi-
cantly higher level of evidence for validity than at the un-
dergraduate or graduate level. For further discussion on the 
process needed to obtain this level of validity, please refer to 
the chapter on assessment (Chap. 7). A number of pediatric 
certifying bodies are utilizing simulation-based techniques 
including the American Heart Association (AHA) through 
its Basic Life Support and Pediatric Advanced Life Sup-

port programs, the American Academy of Pediatrics, and the 
American College of Surgeons [73–75]. While, at present, 
the American Board of Pediatrics has not tied maintenance 
of certification to simulation-based training, pediatrics is 
likely to follow fields such as anesthesia, surgery, and family 
medicine in offering simulation-based options for this pro-
cess [75–81].

State of the Science

Few studies have compared the use of simulation for CPD to 
traditional didactic or reading programs. A recent systematic 
review examined the effectiveness of SBE on independently 
practicing acutecare physicians. This comprehensive review 
reported on 30 studies that utilized simulation as an educa-
tional intervention and found that a majority reported in-
creases in self-confidence and/or knowledge or skill perfor-
mance afterwards. Most studies where quasi-experimental 
and used single group designs with pre–post repeated mea-
sures, and very few randomized clinical trials were reported 
[82]. In a meta-analysis of research pertaining to pediatric 
simulation, only 11 articles reported on physician CPD pro-
grams (along with an additional, unspecified number of stud-
ies pertaining to nursing CPD), and many also included data 
on undergraduate and graduate medical education [83]. The 
outcomes reported were largely knowledge, resuscitation, 
and procedural skills based. The summary data for pediatric 
simulation-based educational research involving physicians 
in practice included seven studies with a total of 490 par-
ticipants and demonstrated a standardized mean difference 
effect size of 0.75, much lower than those seen for under-
graduate and graduate level studies.

Individual studies have sought to evaluate the effect of 
SBE on communication and procedural skills. Neonatology 
research has reported improvements in practicing physi-
cians’ teamwork, communication, and psychomotor skills 
after participation in simulation [84–87]. Similar results 
were seen in studies involving practicing pediatric intensiv-
ists [88–90]. Simulation has been applied to teach and assess 
physicians in the novel technique of ultrasound-guided nerve 
blocks in pediatric emergency medicine [91]. It has also been 
successfully used to teach trauma team management and 
pain management within the emergency department [92–94]. 
While many of these studies included graduate-level learn-
ers, the data obtained from them should be easily translatable 
into pure CPD education environments. Two studies exclu-
sively assessing CPD showed positive results [95, 96]. One 
found that physicians and clinic staff felt more confident 
in performing resuscitation skills after simulation training, 
while the other demonstrated improved laparoscopic skills in 
surgeons with limited preceding experience. Another study 
demonstrated that the use of  just-in-time training  before 
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cardiopulmonary resuscitation performance improved pro-
vider’s performance, supporting the contention that more 
intermittent, shorter duration programs can have a positive 
effect [97]. Such programs may be easier and more time-ef-
ficient to provide in many professional environments. Under 
the wider umbrella of CPD, the Helping Babies Breathe 
program has been successful in using simulation to improve 
practicing healthcare provider resuscitation skills and patient 
outcomes in Africa and India [98, 99]. Despite the relative 
lack of CPD-specific studies, this field has the potential to 
generate higher level outcomes data than undergraduate and 
graduate level of studies due to the longitudinal nature of 
such programs and the availability of more data regarding 
unsupervised practitioner performance and actual patient 
outcomes.

Program Implementation

In situ simulation is currently being integrated into a num-
ber of CPD programs as a key component. There are sev-
eral institutions at which a minimum number of simulations 
are required to maintain privileges or are used to incentivize 
malpractice programs [100, 101]. The use of in situ simula-
tion as a safety intervention is discussed in detail in Chap. 5. 
Programs such as these, however, can also have an educa-
tional impact at the provider level [102]. In situ simulation 
also has the benefit of providing IP CPD in the workplace 
to frontline providers. The location of the intervention may 
have a significant impact on faculty participation as these 
practitioners have a higher cost associated with their time 
and may find it logistically difficult to be pulled away from 
clinical duties. The strategy of workplace-based training has 
also been effectively implemented in a number of Children’s 
Hospitals as part of ongoing in situ simulations (Chap. 12).

Interprofessional Simulation Across the 
Healthcare Education Continuum

While simulation has been used to effectively address the 
educational needs within each phase of training in a myriad 
of ways, it has less often addressed the transition between 
these domains. The transition between medical school and 
residency, or between nursing school and clinical practice, 
comes with many abrupt changes. IP SBE is strongly en-
dorsed in all professions, yet there remains a paucity of evi-
dence to support its integration into the various phases of the 
health professional education continuum (Chap. 15) [25].

In order to successfully develop and integrate IP simula-
tion-based curricula, there needs to be some shared under-
standing of team performance concepts, an understanding of 
the dose-dependency between exposure to a curriculum and 

learner outcomes, and defined levels of competency required 
for the learner to progress. IP SBE is grounded by contact the-
ory, the need for a purposeful and controlled learning experi-
ence, and the constructs of effective teamwork to optimize 
patient safety [103–106]. Intergroup contact theory identifies 
the importance of leveling hierarchies, articulating common 
goals, and creating opportunities for intergroup  cooperation 
as powerful moderators of effective group function [105]. 
Translated to health professional education, it reinforc-
es the importance of creating opportunities for  healthcare 
 professionals to learn about each other, from each other, 
and with each other as they acquire the knowledge and skill 
necessary to work effectively in a team context [107]. The 
value of simulation for providing a realistic clinical context 
whilst integrating a purposeful and controlled curriculum has 
already been discussed. Evidence to support the relationship 
between patient safety and effective team performance con-
tinues to expose communication as a contributing element 
[103]. Additionally, there is evidence to support a correlation 
between a higher level of group culture and higher levels 
of patient safety, again contributing to the science behind IP 
SBE [108].

In the undergraduate environment, contact with other al-
lied healthcare professionals is at a minimum. Then, almost 
overnight, the new graduate must learn to navigate the com-
plex IP environment of a modern hospital. This leads to the 
question of how we can use simulation to better integrate 
medical and nursing student educational activities in order to 
optimize this transition.

State of the Science

Undergraduate learners benefit from engaging in a clinical 
environment early in their training [109]. The use of IP SBE 
creates another venue to support IP deliberate practice when 
clinical placements may be challenging to acquire. Addition-
ally, it provides an element of control in the learning experi-
ence. A number of studies have been performed to assess the 
value of IP education, the majority of which involved nurs-
ing and medical students in their final year. These studies 
reported increased learner satisfaction, improved perception 
of confidence in the team role, and increased awareness of 
the scope of practice of other professions [110–115]. Several 
studies have also examined measurements of teamwork after 
IP SBE with promising results, including one study specifi-
cally examining pediatric simulation that found an increase 
in self-perceived knowledge and skills, communication and 
teamwork, professional identity and role awareness, and at-
titudes about shared learning in both participating medical 
and nursing students [19, 110, 116, 117]. Two preliminary 
studies examining curriculum design for IP education re-
ported that mixed sessions including didactic components 
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intended to enhance learner knowledge regarding concepts 
of team performance, expert modeling, and response to hi-
erarchy were associated with higher team performance [115, 
118, 119]. Interestingly, a dose-dependency effect was re-
ported in one of the studies in which teams failed to exceed 
a threshold with complex team performance concepts such 
as cross-monitoring, situation summaries, and resource uti-
lization. This suggests that educators should initially focus 
curriculum on simple team performance concepts like role 
clarity, leadership, and communication [118].

In postgraduate contexts, IP SBE has focused on improv-
ing skills inclusive of the ability to improve communication, 
the enhanced ability to speak up to a physician or other clini-
cian, and the increased ability to assess and manage acute 
pain [120–122]. The majority of studies focus on effective 
management of the deteriorating patient in acute care areas 
such as emergency departments, pediatric cardiac intensive 
care units, neonatal intensive care units, obstetrical delivery 
rooms, and the operating room [38, 123–130]. Although re-
ported outcomes are predominantly related to a change in 
knowledge, skill, and/or behavior, one study was able to 
demonstrate relevance to real patientclinical outcomes; a de-
crease in brachial palsy post -shoulder dystocia in neonates 
after training teams using SBE [131].

Program Implementation

Given that most studies currently address undergraduate 
and graduate learners, our discussion thus far has focused 
on these levels only [132]. This approach, however, is being 
extended to the level of CPD. One organization notable for 
promoting IP education hosts curricula including student-, 

graduate-, and professional-level learners [133]. Another po-
tential benefit of this approach is the ability of IP curricula 
to offer courses with learners that span stages of training. 
By creating an environment that promotes discussion and 
collaboration between student-level and professional-level 
learners, mentoring relationships could be promoted that 
could assist learners of all levels in bridging the natural gaps 
created by the training process. Figure 13.2 illustrates the po-
tential effect of this approach on the continuum of education.

Future Directions

Enhanced Outcome Measures

While much research has been performed on simulation 
across the educational spectrum, the level of evidence pro-
vided by these studies must be addressed. The Kirkpatrick 
hierarchy is a useful tool to categorize study outcomes [134]. 
In this system, as applied to medical education, level one ev-
idence corresponds with learner reactions to the educational 
environment; level two evidence corresponds with measured 
improvement in knowledge, attitudes, or skills in the educa-
tional environment; level three evidence corresponds with 
an alteration in learner behavior or skill in the actual clinical 
environment; and level four evidence represents the effect on 
patient outcomes. See Table 13.2 for further details regard-
ing the adapted Kirkpatrick hierarchy [135].

When assessing simulation-based research using this ru-
bric, it is clear that there is much work yet to be done. In the 
meta-analysis of pediatric simulation studies cited above, 76 
articles were classified by outcome category and the results 
indicated a historical focus on lower levels of evidence. Over 
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Fig. 13.2  Breaking down barri-
ers on the educational continu-
um. This diagram depicts ways 
in which new developments 
in simulation-based education 
can bridge existing educational 
divisions. Such approaches could 
provide a more seamless experi-
ence as learners advance from 
novice to practicing professional.
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95 % of the articles uncovered report only levels one or two 
evidence. While studies addressing outcomes related to par-
ticipant opinion of the curriculum and changes in knowledge, 
attitudes and skills are often useful in a preliminary fashion, 
more rigorous approaches are needed if we are to clarify the 
effect of simulation-based educational interventions on pro-
vider skills and behaviors with actual patients and the effect 
of that practice alteration on actual patient outcomes.

Mobile and Distributed Simulation

As the value of simulation throughout the educational spec-
trum is increasingly recognized, providers and educators 
may see the need to develop novel approaches to gaining 
access to technologies and curriculum. One promising devel-
opment is the use of portable, low-cost simulated environ-
ments to bring training to sites currently without simulation 
capability, an approach often called distributed simulation. 
At present, little literature exists on these modalities, and 
what is present consists mostly of studies of this approach’s 
feasibility [136–138]. Despite this, distributed simulation 
has the potential to lower barriers between the academic en-
vironments in which most simulation-based training occurs, 
and the community practice domains in which it is needed 
[1].

Another innovative means of bridging this gap is telesim-
ulation [139–142]. While distributed simulation takes simu-
lation training materials to community settings, telesimu-
lation utilizes the internet to connect simulators virtually, 
allowing for the educators at centralized locations to easily 
share their expertise with more remote sites. Many of the 
initial studies in this area have focused on resource-restricted 
countries, but there is no reason why this technique could not 
be used in a more widespread fashion to unite the graduate 
medical and the community practice environments.

At present the undergraduate, graduate, and CPD environ-
ments function in a largely independent manner. By leverag-
ing new developments in IP SBE, distributed simulation, and 

telesimulation, this independence can be challenged, allow-
ing for a more seamless integration of the educational experi-
ence (Fig. 13.2). Future research in these areas should focus 
on increasing the level of evidence available in the literature 
and on exploring new means of applying these techniques to 
all areas along the education spectrum.
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Simulation Pearls 

• There are increasing calls for healthcare professionals 
to fulfill their social contract with society and ensure 
competence of all professionals in order to maintain the 
privilege of self-regulation. Competency-based educa-
tion (CBE) offers promise, as an outcome-based model 
of education, to help address the gap between actual and 
desired performance.

• Simulation-based education (SBE) curricula should be 
based on needs analysis. Prior to designing, clear goals 
should be defined to measure the success of the training 
program.

• Specific learning objectives, instructional strategy, simu-
lation technology, training environment, and debriefing 
models should be carefully selected based on the level of 
learner.

• Challenges to CBE include defining learning objectives 
that are not excessively comprehensive, trainees focusing 
on milestones rather than achieving excellence, adminis-
trative logistics, instructor expertise and availability, and 
cost.

• Optimal education will require a change in our current 
approach to assessment. Assessment needs to be pro-
grammatic and conceptualized as part of instructional 
design with a shift away from assessment of learning to 
assessment for learning.

• SBE is increasingly used for high-stakes, summative pur-
poses such as local program-based examinations, achiev-
ing certification, and demonstrating ongoing competence 
to maintain certification.

Introduction

In 1999 the Institute of Medicine’s landmark report “To Err 
is Human: Building a Safer Health System” highlighted that 
as many as 98,000 deaths are due to medical error [1]. In 
response, accrediting bodies, healthcare organizations, and 
medical educators across all disciplines have embraced SBE 
as one solution to improving what many believe was a root 
cause, namely poor communication and team functioning 
[2]. A burgeoning literature in SBE has demonstrated that 
simulation can improve knowledge, skills, and behaviors 
as well as result in some improvement in patient outcomes 
[3–7]. Despite the success and large uptake of SBE many 
programs are ad hoc with variable and inconsistent instruc-
tion, curricula, and evaluation of competency. In response, 
educators have turned their focus to developing compre-
hensive curricula for continuing professional development 
(CPD) and the use of mastery learning/CBE. This chapter 
will describe a model for curriculum development and the 
promotion of professional development through CBE. We 
conclude by reviewing barriers and challenges to CPD and 
CBE and explore future directions.
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Curriculum Development in Competency-
Based Education

Some key challenges to developing simulation curricula 
for CBE across the healthcare education continuum include 
the heterogeneity of learners, the variable experiences they 
bring, the feasibility of teaching, and the validity and reli-
ability of assessing competencies through simulation within 
the professional environment. This section outlines a cur-
riculum development process for CBE for all disciplines that 
follows the analysis, design, development, implementation, 
and evaluation (ADDIE) model of instructional design and 
incorporates concepts from Kern’s six-step approach to cur-
riculum development for medical education and the Simula-
tion Module for Assessment of Resident-Targeted Event Re-
sponses (SMARTER) approach of developing measurement 
tools for simulation-based training [8–10]. The process can 
be applied for curriculum development for any level of learn-
er and unfolds in five phases including ADDIE (Fig. 14.1). 
We will describe these five phases and discuss the key con-
siderations in each phase specific to CBE.

Analysis

The process begins with a needs assessment which includes 
identifying the target audience and level(s) of expertise, de-
fining boundaries to conducting training, and crystallizing 
the critical requirements to include in the educational ini-
tiative. The subject matter expert must understand the gap 
in knowledge, skills, and attitudes (KSA) to be addressed 

with simulation-based training as well as anticipated out-
comes. For students or trainees, focus may be placed on 
learning outcomes including cognitive outcomes, skill-
based outcomes, and changes in attitudes. Additionally, 
cost of training must be justified with specific outcomes 
included, such as patient safety outcomes and/or financial 
components [11].

Needs assessments can be accomplished through litera-
ture review, review of institutional data surrounding patient 
safety events or quality improvement activities, direct obser-
vation in the actual clinical or simulated environment, writ-
ten surveys, in-person or telephone interviews, and/or focus 
group discussions. The latter three strategies can be complet-
ed with learners, their colleagues, their educators or manag-
ers, and patients. The rationale for including many perspec-
tives in the needs assessment is that competence in the pro-
fessional healthcare environment encompasses not only an 
individual’s knowledge or ability to perform a skill but rather 
one’s ability to apply this knowledge or skill among interpro-
fessional teams. Perspectives from colleagues and patients 
will further inform the identification of training needs. For 
example:

A needs analysis for students suggests that in order to adhere 
to curriculum standards, learners need to describe the indica-
tions for central venous line (CVL) placement. Within the hos-
pital, a needs analysis suggests that physicians in training must 
demonstrate competence in placing CVLs in order to comply 
with accrediting body regulations. Furthermore, institutional 
data may also suggest that there is a high blood stream infection 
rate in a particular intensive care unit where staff does not feel 
empowered to speak up, based upon results of a safety attitude 
survey.

Analysis Design

Evaluate Implement

Develop

Scenario Design

Perform needs
assessment

Define goals and
learning objectives

Train faculty

Assess students

Targeted
Response

Learning
Objectives

Clinical
Context

Critical
Trigger
Events

Scenario Script and
Measurement Tools

Conduct pilot
Revise curriculum
Implement courseEvaluate program

Create scenarios,
debriefing guides,
assessment tools

Identify learners,
boundaries, and
critical requirements

Determine
instructional strategy
and course structure

Fig. 14.1  Curriculum development process/scenario design based on 
the analysis, design, development, implementation, and evaluation 
(ADDIE) Model of Instructional Design and the Simulation Module 
for Assessment of Resident-Targeted Event Responses (SMARTER) 

approach to creating measurement tools for simulation-based educa-
tion [8, 10]. The first two steps of the process, (1) analysis and (2) 
design, occur sequentially. (3) Development, (4) implementation, and 
(5) evaluation may be cyclical. Revisions may continue after piloting as 
evaluation informs further development

 



18314 Simulation Curriculum Development, Competency-Based Education, and Continuing Professional Development

Based on the results of the needs analysis, the target audi-
ence, and level(s) of expertise, the critical requirements to 
include in the educational initiative should be identified. The 
target audience must be defined in consideration of whether 
the group is uniprofessional or interprofessional, the varying 
expertise levels inherent in the group, and the approximate 
size of the target audience. Because we work in teams in 
health care, we are interdependent. In this way, increased 
consideration and effort should be made to determine feasi-
bility and applicability of interprofessional education.

In the next step, the expertise level or range of expertise 
within the target audience must be determined (see Table 14.1 
for a description of each learner type). The level of expertise 
is not presumed by the learner’s level of training but rather 
should be assessed in each learner to determine their indi-
vidual starting point. The characteristics of each learner type 
will inform the entire instructional design and development 
process. For example, a novice learner may have few past 
experiences upon which to base judgment. As a result, they 
are more reliant on established rules, standards, and proto-
cols. In this way, the novice must gain knowledge prior to 
applying the material in a simulation. Moreover, the simula-

tion should remain focused on a specific task or process and 
may include some direct coaching (scaffold building) during 
the simulation. Alternatively, a competent learner is less de-
pendent on rules, algorithms, and analytic decision-making 
but rather relies on pattern recognition, previous experienc-
es, and gut-feeling to make decisions. A competent learner 
therefore requires more autonomy in the learning process. 
This group of learners will benefit from more complex simu-
lations that require decision-making without coaching dur-
ing the simulation so that the learner can observe the results 
of their decisions. In professional environments, there may 
be a mix of expertise present for any learning situation. As 
the curriculum development process progresses, the design 
team must develop objectives and a range of expected learn-
er actions for each level of expertise [12–15].

The size of the target audience has implications for both 
feasibility and scheduling. For small uniprofessional groups, 
a few training sessions to capture all learners may suffice. 
When the target audience spans an entire department or insti-
tution, the design team must determine the appropriate group 
size for each training class, the appropriate complement of 
caregivers that should be present for interprofessional train-

Table 14.1  Levels of expertise [12–15]

Level of expertise Characteristics Simulation-based education design considerations
Novice Has virtually no experience in an actual situation 

upon which to base judgment
Consider prework to enhance knowledge base

Solves problems using rules and analytic 
reasoning

High instruction and low facilitation
Simplify scenarios. Ensure opportunities for success and validation 
by offering multiple scenarios
Use reflection-in-action with clinical pauses

Advanced beginner Has enough experience in actual situations to 
begin seeing patterns

Consider including several scenarios with slight variation to com-
pare and contrast

Solves problems using analytic reasoning and pat-
tern recognition

Begin with common and move to more complex

Often not able to prioritize High instruction and low facilitation
Reflection-in-action with clinical pauses or reflection-on-action

Competent Has broader experience in actual situations Consider challenging with low-frequency clinical situations in order 
to continue to build experience

Beginning to see big picture Balance instruction and facilitation
Solves problems more often through pattern 
recognition

Encourage autonomy and self-reflection in debriefing

Approaches uncommon or complex problems with 
analytical reasoning
Feels personal responsibility

Proficient Has a bank of past experiences. Approaches all 
situations with a lens or perspective based on past 
experiences

Continue adding more complexity to scenarios such as communica-
tion with family members, teamwork, delegation, and assertion

Can look at the whole picture rather than “aspects” Low instruction and high facilitation
Draw from experience in the room to crystallize learning points

Expert Has intuitive grasp of the whole situation Continue to keep the expert challenged to use technical and nontech-
nical skills

Uses intuition to recognize problems, respond and 
manage situations

Encourage the expert to discuss, coach, or mentor during simulations 
and debriefings
Train the expert to facilitate and debrief
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ing, the frequency at which the training should be offered to 
capture all individuals in a reasonable amount of time, and 
the number of faculty it will take to complete the training. 
Drawing upon social learning theory, all individuals may not 
need to participate in the simulation in order to learn. There 
may be a benefit to observing the simulation event. Special 
consideration should be made to engage observers more di-
rectly in the learning process by assigning specific areas of 
focus to direct their observations [16].

Boundaries to training must also be considered before 
designing a program. For students, educators may be con-
strained by the timing of the academic year, faculty who 
can implement simulations, and finding and training raters 
to assess competency. In professional environments, the de-
sign team must consider institutional policies for education 
of learners (is the education part of ‘mandatory’ education 
or do learners need to be paid for their time?), scheduling 
(are there particular days or times of day to avoid?), timing 
(does the training need to be completed by a certain date 
for regulatory purposes?), and location (based on the goals 
of the program, does the training need to occur in situ or in 
a simulation laboratory?). In response to these boundaries 
or constraints, the design team must brainstorm solutions to 
overcome these challenges to determine feasibility, appro-
priate length of the training, and an achievable timeline and 
plan for training and assessment.

Finally, the critical requirements or competencies should 
be defined. It should be determined if there are core compe-
tencies already described by a recognized accrediting body 
(e.g., the National League of Nursing, the Accreditation 
Council for Graduate Medical Education (ACGME) in the 
USA, or the Royal College of Physicians and Surgeons of 
Canada, CanMEDS) or by the home institution. The afore-
mentioned accrediting bodies have outlined comprehensive 
competency frameworks and defined key competencies in 
terms of KSA, by level of learner, required to be a compe-
tent clinician. This information should be reviewed to de-
termine which competencies can be included and observed 
in simulation-based training. If formal requirements are not 
predefined, the design team must list the competencies that 
will be included in the training. Once a comprehensive needs 
analysis is complete, the design team can begin designing 
the specific educational initiative.

Design

The first step in the design phase is to write a goal statement 
against which the success of the training initiative will be 
measured. Goal statements should be specific, measurable, 
achievable, result-focused, and time-bound [17]. Building 
on the example provided earlier, a goal statement for novice 
learners might be to provide simulation-based training for 
fourth-year medical students during the first 6 months of the 
academic year on placing CVLs using the Seldinger tech-
nique in order to increase their self-efficacy by x%. For an 
interprofessional group of learners that spans the expertise 
gradient (novice through expert), a goal might be to decrease 
blood stream infection rates in the intensive care unit (ICU) 
by 20 % in the following year by providing interprofessional 
simulation-based training on central line placement, team-
work, and communication.

Next, the specific learning objectives should be defined. 
Learning objectives describe the specific changes that the 
training course is meant to produce in the KSA of the learn-
er: What can you reasonably expect the learner to know and 
be able to do at the end of the program and what change 
in attitudes are you aiming to achieve? For each objective, 
a performance statement, a set of conditions, and a set of 
standards should be incorporated. Knowledge and attitude 
objectives are less likely to be observable than skill. Learn-
ing objectives should be written using strong action verbs 
(see Table 14.2 for a reference on developing learning objec-
tives) [18].

Following the setting of goals and objectives, the next 
step is to select an instructional strategy based on several 
learning theories including self-determination theory, expe-
riential learning theory, and cognitive load theory. Self-de-
termination theory, which describes a learner’s willingness 
to learn, posits that learners must feel related to the group, 
feel a sense of competence, and feel a sense of autonomy. 
A safe environment for learning must be established at the 
start of all simulation-based training by establishing rules 
of engagement and maintaining confidentiality [19, 20]. Ex-
periential learning theory suggests that adult learners learn 
through experiences and must engage in a continuous cycle 
which includes a concrete experience (a simulation), time 
to observe and reflect, the formation of abstract concepts 

Table 14.2  Learning objectives [18]

Dimension Example verbs
Knowledge Cognitive: What should the learner be able to know? Identify, list, recall, summarize, classify, describe, explain, calcu-

late, differentiate, conclude, compose
Skills Psychomotor: What should the learner be able to do? Arrange, build, construct, design, deliver, display, fix, operate, 

sketch, use, perform
Attitude Affective: What should the learner value? Commit to, challenge, discuss, dispute, follow, justify, integrate, 

judge, question, resolve, synthesize
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(facilitated debriefing), and testing or experimenting in new 
situations (a second simulation or real-life experience) [21]. 
While simulation and debriefing map quite nicely on the 
cycle, the design team should also consider any prework and 
didactic information specifically for the novice learner who 
has no previous experience to draw from but relies on rules, 
algorithms, policies, etc. Cognitive load theory describes that 
in order to achieve effective learning, the cognitive load of 
learners should be kept at a minimum during the learning 
process as short term memory can only contain limited ele-
ments. It follows that prework, as well as the complexity of 
the simulations, should match the level of the learner so as 
not to impede learning by incorporating information and pro-
tocols that overcomplicate rather than simplify [19]. More-
over, providing learners with the tools to gain knowledge 
prior to coming to the experiential simulation lab will allow 
learners to process the information independently and then 
apply this knowledge in the simulation setting thereby avoid-
ing a common pitfall of lecturing by the simulated bedside.

A second piece of designing the instructional strategy in-
volves selecting the appropriate type of simulation or simu-
lation technology and environment to achieve the objectives 
to match the level of the learner. Simulation technology can 
include screen-based simulation, task trainers, human patient 
simulators, live actors, or hybrid simulation which combines 
live actors and task trainers. In the example above, the ap-
propriate technology for novice students learning the pro-
cedural steps of placing a CVL would be a task trainer de-
signed for this purpose. This training could be accomplished 
in a simulation laboratory as opposed to the actual clinical 
environment because the goals of training are narrowly fo-
cused to the procedural skill. Novices benefit from time and 
space to learn, practice, and apply the step-by-step proce-
dure, void of additional complexities and distractions that 
might be present in the actual clinical environment. On the 
other hand, if an interprofessional team is learning how to 
work together to maintain a sterile environment while plac-
ing a central line, the design team may utilize a task trainer 
and conduct the training in situ. In this way, the learners can 
practice maintaining sterility while placing a CVL surround-
ed by the physical barriers that are present in their native 
clinical environment.

Facilitation strategies for implementing the simulations 
and debriefing must be considered, again, based upon the 
level of the learner. For example, novice learners require 
more instruction and less facilitation. A strategy to consider 
for novices is scaffolding. This strategy allows the facilitator 
to provide support where cognitive structures are not suffi-
ciently developed [22]. One way to incorporate scaffolds is 
to provide expert modeling and then coaching during skills 
training. Another is to build clinical pauses into simulations 
with human patient simulators at critical decision-making 
points to allow the facilitator to prompt reflection-in-action 

[23]. During this pause, the facilitator can expose the learn-
ers’ mental model, frame of mind, or thought process. The 
facilitator can then provide a scaffold by modeling their own 
thought process to create new mental models on the part 
of the learner. The facilitator can then coach or guide the 
learner to continue in the simulation. These scaffolds can be 
reorganized or eliminated as learners’ understanding increas-
es. Competent, proficient, and expert groups require less 
instruction and more facilitation. The design of the course 
may include simulations without any pause followed by de-
briefing, allowing learners to reflect-on-action and form new 
concepts [24]. Furthermore, the course may include oppor-
tunities to practice or experiment with new knowledge. This 
can be accomplished either by allowing learners multiple 
opportunities to practice with procedural skills or by allow-
ing learners to run through a clinical scenario a second time 
to apply new theories discovered during a debriefing. There 
are several models of debriefing described elsewhere in this 
book (see Chap. 3). An appropriate approach should be de-
termined based on the level of the learner(s).

Development

Once the course is designed, the faculty, the simulation ex-
ercises (see Chap. 2), debriefing guides (see Chap. 3), and 
assessment tools (see Chap. 7) must be developed. The con-
tent experts, who may also serve as faculty for the training, 
should be taught the art and science of simulation design, 
implementation, and debriefing. It is important for faculty to 
have a general understanding of adult learning principles in 
order to create psychological safety for learners. Addition-
ally, faculty should understand how to design simulation ex-
ercises, whether it is procedural skills on trainers or clinical 
scenarios, and implement them to achieve learning objec-
tives. Finally, because deep learning may not happen with 
experience alone, faculty need to be trained on facilitating 
debriefing exercises and matching their instruction during 
debriefing to the level of learner. For example, debriefing 
novice learners may include more directed teaching meth-
ods, whereas debriefing competent, proficient, and even ex-
pert learners may require more guided reflection and discov-
ery of mental models of the learner(s) or rationale for their 
specific behavior. Once a mental model is discovered, the 
faculty member can facilitate discussion among the group 
to explore multiple perspectives on that mental model and 
facilitate learning. Faculty development is described else-
where in this book (see Chap. 15).

Once the faculty members are adequately trained, they 
can better engage in the development of simulation exercises 
to achieve learning objectives. In the design phase of the 
curriculum development process, learning objectives for the 
course are defined while in the development phase, specific 
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objectives and clinical context for each simulation exercise 
are defined. Selecting the appropriate context is important as 
it establishes meaningful linkages with experiences and pro-
motes connections among, knowledge, skill and experiences 
[19, 22]. Context can and should even be defined in proce-
dural skills training so that learners can understand when and 
how the skill is utilized. One group describes a process of 
“identifying competencies within the context of a particular 
profession such that the assessment of competence is tied to 
learner’s performance of essential clinical activities that de-
fine the profession.” This cluster of competencies has been 
referred to as entrustable professional activities (EPAs). An 
EPA requires a learner to not only possess knowledge, skill, 
and attitude but to apply these through specific activities 
in the clinical environment to achieve optimal results [25, 
26]. In this way, the design team should consider identifying 
EPAs upon which to base scenarios. This allows learners to 
acquire not only knowledge but also a sense of when and 
how to use that knowledge in the actual clinical setting. As 
an example, the context for novice student learners in the 
CVL example might be devoid of context and simply focus 
on the steps of line placement while the context for the inter-
professional team might be placing the line while ensuring 
maximal sterility in a septic patient in the ICU, as well as 
performing the time-out, sterile field preparation, and neces-
sary documentation.

The design team must next define the expected actions 
using the event-based approach to training (EBAT). This list 
of expected actions for any competency may look different 
for each level of expertise. In order to create an opportunity 
for these actions, the design team should also embed triggers 
within the scenario script (see Chap. 2). Triggers are prompts 
for the facilitator to provide necessary events to meet the 
learning objectives. Please see Table 14.3 for an example of 
how to embed triggers into scenario script.

This list of expected actions and triggers allow the educa-
tor to establish a controlled and standardized learning ex-
perience. Moreover, this list can be easily combined with 
observational measurement tools to aid in debriefing and 
evaluation. For successful EBAT training, the design team 
should match learning objectives to triggers, define accept-
able observable behaviors or expected actions, and script the 
scenario to ensure triggers are executed according to plan.

Finally, the design team should develop debriefing guides 
that outline the phases of debriefing, sample narrative text, 
and sample questions to include during each phase. Debrief-
ing guides or scripts can assist the novice debriefer in fol-
lowing a structure to guide the learning process and ensure 
that key learning points are addressed in a standardized way 
(see Chap. 3) [27]. Furthermore, the guide can be structured 
to serve dual purposes: an instructor guide and an assessment 
tool to evaluate faculty on debriefing competencies such as 
that it sets the stage for an engaging learning experience, 

facilitates the debriefing in an organized way, or provides 
feedback to participants on their performance [28].

Implementation

The course should be piloted and refined as needed. The 
goals of the pilot are to provide an opportunity for facul-
ty to practice implementation of the course and to test the 
simulations. Faculty should practice creating a safe environ-
ment, trial any task trainers, practice directing any clinical 
scenarios using the scenario template to execute triggers, 
and practice debriefing using the debriefing guide. The pilot 
may include other faculty or a subset of the target audience 
willing to participate and offer feedback to further shape the 
course. During the pilot, the design team should determine 
if the simulation activity allows faculty to properly observe 
and assess the predefined competences and if the debriefing 
guide adequately promotes discussion of these competen-
cies. Following the pilot, the prework, simulation exercises, 
and facilitation guides should be revised and potentially pi-
loted again.

Evaluation

The final phase in the curriculum development process is 
evaluation. Evaluation should include the assessment of the 
performance of the learners, as will be described in the next 

Table 14.3  Embedding triggers into scenario scripts

Learning objective Expected action Trigger
Novice
After participating 
in this activity, the 
learner will be able 
to demonstrate the 
steps of placing a 
central venous line 
sterilely

Novice
1. Don gown and gloves
2.  Prepare the sterile field
3.  Clean the insertion 

area
4.  Identify appropriate 

landmarks
5.  Place a central venous 

line using Seldinger 
technique

None

Competent
After participating 
in this activity, the 
learner will be able 
to do the following:
1.  Demonstrate the 

steps of placing 
a central venous 
line sterilely

2.  Utilize assertion 
to alert team of 
breach in sterility

Competent
1. Don gown and gloves
2.  Prepare the sterile field
3.  Perform a pre-proce-

dural time-out.
4.  Clean the insertion 

area
5.  Identify appropriate 

landmarks
6.  Place a central venous 

line using Seldinger 
technique

7.  Recognize breach in 
sterility and alert the 
team

Facilitator should 
be able to do the 
following:
1.  Encourage 

learner to 
quickly begin 
procedure

2.  Contaminate the 
field by position-
ing IV tubing 
across the sterile 
field
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section of the chapter, and the evaluation of the effectiveness 
of the educational program. The evaluation plan should be 
developed alongside the curriculum development process. 
Ideally data should be collected, analyzed, and reviewed 
prior to the implementation of the program, and throughout 
the program to guide continuous improvement for learners, 
faculty, and the design team [9].

There are several evaluation types, including formative 
and summative assessments for both the individual and the 
program. Formative assessments matched with predefined 
competencies should be performed at each course offering, 
with the goal of identifying areas for improvement for the 
learner and the program, respectively. Alternatively, summa-
tive assessments of the learner focus on judging individual 
competence at a particular skill, or achievement of a mile-
stone. Summative assessment of a program may determine 
if it has had an impact and if resources will continue to be 
allocated for future implementation [9].

Kirkpatrick describes four levels of evaluation of train-
ing programs: Level 1—Reaction, Level 2—Learning, Level 
3—Behavior, and Level 4—Results (Table 14.4 [29]. Level 
1 measures how learners reacted to the training and helps 
identify any topics that might be missing from the curricu-
lum. This can be accomplished through a post-event ques-
tionnaire or focus group discussion. Level 2 measures what 
the learner has actually learned as a result of the training. In 
order to measure learning, KSAs should be measured prior 
to and after the training. This can be accomplished by ob-
serving expected actions during a simulation or on a writ-
ten test. Pre-/post-evaluations may also be valuable. Level 
3 describes how behavior has changed as a result of training 
and if the learners can apply what they have learned. Mea-
suring behavior requires observation over time, either in the 
actual clinical environment or in the simulation laboratory. 
Observation tools can be generated during the scenario de-
sign process and should include the expected critical actions 
for each learning objective. Finally, Level 4 measures the 
impact of the training, using the problem and goal statements 
as described above (see Chap. 7).

Program evaluation is critical to the educational pro-
cess but challenging to measure. Due to time and resource 
constraints and ongoing learning in the actual clinical en-
vironment, it is challenging and often not feasible to deter-
mine how an educational intervention has impacted clinical 
outcomes, patient safety outcomes, or financial outcomes. 
Competency-based medical education (CBME) educators 
can more realistically focus on the impact their program has 
had on learning and transfer of that learning to application 
in a simulated environment and then the actual clinical en-
vironment.

Simulation for Competency-Based Education

CBE has gained considerable momentum over the past few 
years and may prove to be a catalyst that transforms health 
professional education worldwide. CBE can be conceptual-
ized as “the education for the medical professional that is 
targeted at a fixed level of ability in one or more medical 
competencies” [30]. This description relies on a trajectory 
of development from the preclinical phase of professional 
school to the healthcare provider in practice. Ultimately, the 
goal of CBE is to produce graduates who provide high qual-
ity patient care from the moment they enter clinical medi-
cine in school to the time of retirement. Traditional training 
models have fallen considerably short of this goal with sub-
stantial rates of preventable error that occur across different 
healthcare systems [31–33]. While that error cannot be at-
tributed entirely to individual practitioners (a large portion 
may relate to the teams and system they work within), there 
is also substantial variability in patient outcomes depend-
ing on where clinical training occurred [34], suggesting an 
opportunity to improve patient care through a competency-
based approach to education. CBE focuses on accountability 
and curricular outcomes organized around competencies, 
promoting greater learner-centeredness and de-emphasizing 
time-based curricular design [35]. Achievement of compe-
tence is demonstrated through a progression of milestones or 

Table 14.4  Kirkpatrick’s adapted hierarchy of evaluating educational outcomes [29]. (Reproduced with permission)

Level 1 Reaction Covers learners’ views on the learning experience, its organization, presentation, content, teach-
ing methods, and aspects of the instructional organization, materials, quality of instruction

Level 2a Learning: change in 
attitudes/perception

Modification of attitudes/perceptions—outcomes here relate to changes in the reciprocal attitudes 
or perceptions between participant groups towards intervention/simulation

Level 2b Learning: modification of 
knowledge or skills

Modification of knowledge/skills—for knowledge, this relates to the acquisition of concepts, 
procedures, and principles; for skills, this relates to the acquisition of thinking/problem-solving, 
psychomotor, and social skills

Level 3 Behavior Documents the transfer of learning to the workplace or willingness of learners to apply new 
knowledge and skills

Level 4a Results: change in the 
 professional practice

Change in organizational practice—wider changes in the organizational delivery of care, attribut-
able to an education program

Level 4b Benefits to patients Any improvement in the health and well-being of patients/clients as a direct result of an educa-
tional program
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EPAs [25, 26]. As an example, the field of medicine holds a 
social contract with society where physicians receive status 
and respect, are granted the privilege to self-regulate their 
profession and receive substantial remuneration in exchange 
for the promise to provide competent, altruistic, and moral 
care that addresses the needs of individuals and society [36]. 
Multiple high-profile cases have outlined how medicine can 
improve its performance in this implicit agreement [37, 38].

Inherent to the use of CBE is the use of a competency 
framework such as CanMEDS [39], ACGME competencies 
[40], and the Scottish Doctor [41]. While the frameworks 
differ and are chosen to reflect the needs of the local en-
vironment, they all extend beyond medical knowledge/ex-
pertise and include domains such as communication and 
collaboration which align well with SBE—particularly as it 
is applied to crises resource management or team training 
(see Chap. 4). Additionally, SBE holds the promise to sup-
port skill development and demonstrate baseline competence 
before trainees perform complex procedures on patients, 
reducing complications and healthcare costs [42, 43]. This 
foundational simulation training may function to accelerate 
the development of expertise in the clinical environment, al-
lowing for system optimization (e.g., expensive operating 
room (OR) time) [44]. Collateral effects of simulation-based 
instruction may influence the learning environment and im-
prove skill acquisition of learners that do not actually partici-
pate in the simulation [45].

Current models of health professional education retain 
the silos of undergraduate education, postgraduate education 
(in the case of medicine), and CPD which may focus learn-
ers on the current tasks of the training (particularly during 
formal training programs) and impede the development of 
reflection and lifelong learning skills that are critical to im-
prove future practice in an ongoing manner. Medical science 
is rapidly evolving and there needs to be greater investment 
to support practicing healthcare providers to incorporate new 
knowledge into their practice in real time [46]. Evidence 
from the CPD literature suggests that physician performance 
and health outcomes improve when the CPD activities are 
more interactive, use multiple methods, involve multiple 
exposures, are longer in duration, and are focused on activi-
ties that the physician believes to be important [47]. Well-
designed SBE has the potential to meet many of these crite-
ria and can form an important piece of CPD. Novel methods 
of instruction, such as debriefing without a formal debriefer 
present in the room, may help build capacity to integrate 
more simulation into CPD course offerings [48].

Two international CBE collaborative summits have been 
held over the past 5 years (2009 and 2013), with both schol-
arly and practical outputs [49]. Implementation of CBE has 
occurred in multiple specialties in multiple jurisdictions 
with several others planning to move to a CBE model in the 
coming years [49]. SBE can align very well with CBE as it 

 allows for feedback from experts, repetitive practice across 
a range of difficulties that are required in skill development, 
and curricular integration [3].

Shifting the Assessment Paradigm for Compe-
tency-Based Education

CBE will require substantial change in our current approach 
to assessment. Assessment should be conceptualized as part 
of instructional design with a shift away from assessment of 
learning to assessment for learning [50]. This will require an 
emphasis on a robust, programmatic approach to assessment 
that ideally focuses on workplace-based formative assess-
ment, rather than isolated high-stakes point in time-summa-
tive examinations. This is not to imply that there is not a role 
for high-stakes examination, as it can be useful to predict 
future patient outcomes [24], but rather that the opportunity 
for lower-stakes, more frequent assessment may be invalu-
able for learning on an ongoing basis [51]. Moving up to 
Miller’s top level of “Does” (Fig. 14.2) can only be achieved 
in the clinical environment, but simulation reaches the level 
of “Shows” and can be helpful as a piece of the assessment 
program to inform judgments on the overall competence of 
practitioners [52].

Simulation educators have historically focused on pro-
moting high-fidelity training in order to improve the quality 
of education and assessment. Yet, the term fidelity has been 
problematic to define and qualify in the simulation commu-
nity—we may therefore benefit by considering functional 
task alignment (the alignment between the simulator’s func-
tional properties and the functional requirements of the task) 
to reflect how well the simulation-based assessment (SBA) 
truly allows the learner to “Show” how they might perform 
[53]. Ultimately, judgment of competence needs to be con-
ducted by a collective, using the wisdom of the crowd (e.g., 

Fig. 14.2  Miller’s framework for assessment. (Reproduced with per-
mission of [52])
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competence committee) to incorporate multiple assessments 
from multiple assessors using multiple tools across multiple 
situations to help determine competence and make progres-
sion decisions on the trainee. Subjective assessments and 
narrative descriptions may also form an important part of 
that assessment program [54]. The negative connotations of 
biased and unfair with subjective assessment do not hold true 
(though they can occur—as they also might with an objec-
tive measure). Much like the clinical environment, there may 
be opportunities to reduce information to a numerical score 
when appropriate (e.g., Glasgow Coma Scale score of 3 is 
identified universally as having the same clinical meaning 
to every healthcare provider), while there may be other in-
stances where a more complete description would be helpful 
to make judgments (e.g., one would not hand over a pediatric 
ICU patient simply with a validated risk of mortality score 
(such as the Pediatric Index of Mortality 2, PIM2), but one 
would want more detailed, narrative descriptions of the pa-
tient on which to make important judgments and decisions).

Assessment programs should continue to be evaluated by 
their reliability, validity, acceptability, and cost (both finan-
cial and resource related) but should also be judged by their 
educational impact and catalytic effect where results and 
feedback are used in a manner that creates, enhances, and 
supports education [55]. Assessment will certainly need to be 
more continuous and frequent. It needs to be criterion-based 
and support learners to achieve developmental milestones 
[56]. Viewed with this lens, SBE may be important to CBE 
allowing the achievement of milestones that are associated 
with rare presentations in the clinical environment, as well as 
those that would pose significant risk to patients if they were 
not first assessed outside of clinical care. The educational as 
well as catalytic effect of SBE could be very positive, but 
further work needs to be conducted on how best to maintain 
a safe learning environment where trainees and faculty can 
feel comfortable making mistakes (and learning from them).

Robust assessment instruments/tools with evidence of 
validity and reliability will continue to be required, and fac-
ulty development around their use may be even more criti-
cal (see Chap. 7). Tools are only as good as the individual 
using them—it may be time for the healthcare professions 
to mandate teaching faculty to learn a core set of compe-
tencies in assessment, with accredited training programs 
providing ongoing professional development in assessment 
[57]. As any simulation-based researcher will report, it takes 
a substantial amount of time to calibrate assessors even with 
a tightly regulated script for the scenario.[48]. Assessment 
in the workplace complicates the ability to standardize scor-
ing with tremendous variability in case presentation and 
will require clinical supervisors to understand some of these 
complexities and basic psychometrics of assessment. Reli-
ability will only be achieved with rater training and adequate 
sampling of performance (i.e., content specificity should not 

allow overreliance on a single case). Additionally, there are 
likely to be content domains in which faculty need to de-
velop their own knowledge and skills before they are able to 
accurately assess their junior colleagues (e.g., patient safety 
is a very important part of medical education in this decade, 
yet many of the practitioners trained previously would have 
limited formal knowledge in how to teach or assess it). See 
Table 14.5.

Challenges of Continuing Professional 
Development and Competency-Based 
Simulation Education

Challenges in Continuing Professional 
Development

Many concerns still exist about the feasibility and efficacy 
of SBE to solve the problem of improving quality of care. 
The many challenges of SBE used for CPD have been high-
lighted [58]. Although there is mounting evidence that lec-
tures and bolus CPD courses are not effective for long-term 
knowledge and skills retention, it is often the preferred meth-
od for educational delivery. Simulation activities, despite at-
tempts to create a safe learning environment are by their na-
ture anxiety producing. Exposing deficiencies especially for 
more senior healthcare practitioners is a common concern 
and dissuades engagement by those participants. Reluctance 
to engage in interprofessional learning has been rooted in the 
traditional teaching models where meeting different  learners’ 

Table 14.5  Assessment in competency-based education
Key points
Assessment needs to be programmatic with multiple observations, 
performed by multiple observers, using multiple tools at multiple 
times
The focus of assessment needs to move to the level of “Does” in 
Miller’s framework. Simulation can be helpful to assess the level of 
“Shows” to demonstrate competence for rare clinical events or to 
ensure baseline competence before learners are allowed to perform 
tasks on actual patients
There needs to be a greater emphasis on assessment for learning 
rather than exclusive focus on assessment of learning
Faculty development on assessment and faculty support to imple-
ment assessment strategies will be critical to the implementation of 
CBE
Collective decision-making will be needed to determine overall com-
petence as learners progress from one stage to another of training
Assessment strategies need to support reflection on the part of learn-
ers, allowing them to own the responsibility for learning for their 
ongoing development as clinicians
Narrative descriptions of learners, rather than absolute reliance on 
numerical scores, may be particularly helpful to support learning. 
Additionally, the reflective use of subjective assessment may be 
valuable in allowing experts to judge performance
CBE competency-based education
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objectives has been challenging. SBE offers the ability to en-
gage in learning that mirrors the real working environment, 
yet uptake for CPD activities is still slow despite its inherent 
advantages. Finally, SBE requires educators with expertise 
in case preparation, facilitation, and in debriefing. Limited 
faculty with these skills and the considerable time required 
to prepare for these sessions are both barriers to implement-
ing CPD programs, especially in smaller centers. Table 14.6 
outlines these barriers and offers potential solutions to the 
implementation of SBE into our continuing education pro-
grams.

Challenges in Competency-Based Simulation 
Education

Ultimately SBE is a tool that offers many advantages over 
traditional education delivery such as lectures, courses, and 
workshops [2]. However, it cannot work in isolation and 
must be integrated into curricula to achieve the competen-
cies or learning objectives set out by governing bodies across 
the various disciplines.

At the same time that SBE has flourished, CBE has be-
come the new paradigm in professional medical education. 
Many specialties have embraced its theoretical advantages: 
focus on outcomes, emphasis on abilities derived from soci-
etal needs over knowledge, de-emphasis of time-based train-
ing, and promotion of learner-centered training to achieve 
milestones [35]. Despite these advantages, many concerns 
exist. Defining learning objectives that are both comprehen-
sive yet not exhaustive is a challenge to medical educators. 
There is a fear that endless lists of competencies will over-
whelm learners and reduce competencies into a series of tasks 
rather than what truly makes a healthcare provider. Another 
concern is that learners will focus on achieving milestones, 
“jumping over the hurdle” and achieving bare competence 
rather than striving for excellence. Scheduling of trainees 

at different stages has the potential to create administrative 
logistical challenges while trying to balance clinical needs. 
Although most trainees will complete training in a similar 
time frame as traditional curricula, some trainees will take 
considerably longer and will add to increased resources [35]. 
Simulation training embedded into these programs is expen-
sive and requires educational expertise that is already in high 
demand. Finally, as highlighted previously, assessment tools 
and processes will need to be developed that are “more con-
tinuous and frequent, criterion-based, developmental, work-
based where possible, …and involve the wisdom of group 
process in making judgments about trainee progress” [56].

Conclusions

High-Stakes Testing

SBE is being increasingly used for summative purposes 
[59]. These high-stakes decisions include passing a program, 
gaining certification or licensure, and maintenance of com-
petence. SBE is ideally suited to measure competencies be-
yond traditional knowledge-based exams. Organizing bod-
ies such as the ACGME and Royal College of Physicians 
and Surgeons of Canada (RCPSC) require that examinations 
are tailored towards skills that mimic the actual practice be-
haviors [4]. Assessment of most of the six core competen-
cies of the ACGME/American Board of Medical Specialties 
(ABMS) and the seven CANMEDs roles of the RCPSC, for 
example, can readily be achieved using simulation-based 
environments. Use of simulation for high-stakes testing is 
emerging in many specialties. One example is the use of 
procedural simulation for carotid stenting where training 
and passing examinations are required for certification [60]. 
Use of simulation in high-stakes examination has also been 
reported in anesthesia, surgery, and internal medicine [61].

Another use of SBA is in the maintenance of certifica-
tion. Many specialties require either recertification exami-
nations (ABMS) or aggregation of hours in learning activi-
ties (RCPSC) in order to maintain certification. Pressure to 
ensure that these activities reflect patient care competencies 
rather than knowledge acquisition has led educators to in-
corporate simulation into these programs [62]. The use of 
simulation in maintenance of certification in anesthesia and 
surgery has been described [63]. In Canada, as part of its 
maintenance of certification program, the RCPSC recog-
nizes and gives credits for learning activities. For example, 
attending a conference receives 1 credit per hour and reading 
a journal article 1 credit per article. In contrast, learners re-
ceive 3 credits for each hour of approved assessment-driven 
simulation activity [64].

Although there has been tremendous uptake of SBA, 
challenges still exist. Frequently, curricula do not always 

Table 14.6  Barriers and solutions to continuing professional develop-
ment (CPD)
Barriers Potential solutions
Lectures and 
courses

Evidence-based, outcome-focused educational 
models to persuade the use of SBE

Simulation 
anxiety

Privacy of learners
Educators skilled in nonthreatening debriefing 
styles

Interprofessional 
learning

Train teams using simulation
Support teamwork with protocols and proce-
dures Develop an organizational culture—need 
for senior champions

Lack of simula-
tion education 
experts

Promotion of faculty development
Promotion of simulation fellowships

SBE Simulation-based education
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match the assessment. The concept that “assessment drives 
education” should serve as impetus to curricular develop-
ment in SBE that is comprehensive and standardized. SBA-
scoring strategies must be robust and achieve high degrees 
of reliability and validity. Experts in the clinical field (con-
tent experts), simulation, and measurement are all essential 
for high-stakes examinations. Further, SBA raters need to 
be qualified and properly trained with appropriate review 
of scoring rubrics and emphasis on rater consistency [59]. 
Finally, SBA is an expensive methodology and must be sup-
ported by professional and regulatory boards with the view 
that patient safety is worth the investment.

Role of National/Shared Curricula

Until recently, simulation programs have been built haphaz-
ardly. Sessions were developed locally and dependent on 
educators with simulation experience, on labs and equipment 
of variable quality, and on participant availability. Typically, 
programs were considered an add-on to other components 
of the education curriculum. As a result, there has been a 
push to develop standardized trainee-focused curricula that 
cover the core competencies of accredited training programs. 
Examples exist in the undergraduate medical education lit-
erature of attempts to incorporate a disaster management 
[65] and simulation-based pediatric clinical skills [66] into 
the curriculum. In postgraduate medical education, many 
centers have reported the development and evaluation of 
standardized simulation curricula. Examples include the 
specialties of pediatrics, surgery, emergency medicine, and 
pediatric emergency medicine [67]. Despite these recent at-
tempts to develop simulation-based educational curricula, 
there is the absence of acceptance of standardized curricula 
at a national or international level. However, this is likely 
to change. Currently, in Canada, a group of pediatric emer-
gency medicine physicians have just developed a national 
standardized simulation curriculum [68]. Additionally, a na-
tional pediatric residency program simulation curriculum is 
being developed while the anesthesiology specialty program 
is moving towards CBE and incorporating simulation into 
their curricula and evaluation process. It is only a matter of 
time before many programs follow suit, and SBE becomes 
an integral component of training and CPD programs.
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Simulation Pearls

1. Interprofessional education (IPE) occurs when two or 
more members of different professions come together 
in the same space for an educational event. IPE involves 
learning with, from, and about each other to improve col-
laboration and/or the delivery of patient care.

2. Healthcare simulation with debriefing can be used to de-
liberately create an experience for an interprofessional 
team to not only allow practitioners from different profes-
sions to learn alongside each other but to also learn from 
and about each other.

3. Using healthcare simulation for effective IPE requires 
much forethought and planning. There are ways to over-
come challenges in the implementation, debriefing, and 
evaluation of simulation-based IPE (SimBIE).

4. Debriefing is where the skills most relevant to interpro-
fessional practice are gained.

5. While pediatric SimBIE requires preplanning, profession-
al development occurs in the doing. Therefore, planning 
paralysis during the professional development process is 
to be avoided.

Introduction

A review of the historical progression of health care reveals 
an organic fragmentation of healthcare disciplines into spe-
cializations. Specialization has allowed advances in knowl-
edge and technology while increasing the complexity of to-
day’s patient care. Moreover, the resulting specialization and 
fragmentation have created some gaps in patient care that 
over time have widened, negatively affecting specific patient 
outcomes. Adverse outcomes as a result of fragmented care 
continue to highlight the need for unification of information, 
communication skills, and hence collaborative care [1].

Clinicians, patient safety officers, and educators continue 
to search for effective methods that can assist in achieving 
the goal of collaborative care. This effort comes with many 
challenges that have created a renewed focus on IPE, a per-
ceived bridge toward more effective and efficient care, and 
ultimately greater patient safety. IPE is defined as learning 
with, from, and about each other for the purpose of improv-
ing interprofessional collaboration and improving patient 
outcomes [2]. IPE can:
• Develop the ability to share knowledge and skills collab-

oratively
• Enable students to become competent in teamwork
• Decompartmentalize curricula
• Integrate new skills and areas of knowledge
• Ease interprofessional communication
• Generate new roles
• Promote interprofessional research
• Improve understanding and cooperation between educa-

tional and research institutions
• Permit collective consideration of resource allocation 

according to need
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• Ensure consistency in curriculum design [2]
• Assist with systems processes, interprofessional clinical 

guidelines, and procedures
Healthcare simulation has been growing simultaneously 
with patient quality and safety improvement strategies and 
is increasingly used as the platform for team training, in-
cluding skills training for communication and teamwork 
(see Chap. 5). Recent advances in using healthcare simula-
tion for team training have stemmed from findings in the 
fields of aviation, crisis resource management (CRM) train-
ing, nuclear energy teams, organizational behavior, business 
management, and patient safety (see Chap. 4). As in these 
other fields, team training in health care has revealed many 
valuable areas for interprofessional improvement. Given the 
value of learning within a relative context or environment, 
simulation-based education (SBE) is increasingly becoming 
a preferred platform for IPE [1]. While healthcare simulation 
as a platform for IPE continues to be defined and refined, this 
chapter seeks to provide pediatric-focused simulation educa-
tors with knowledge around using healthcare simulation for 
IPE, specifically how to overcome its many challenges.

Gaps in Simulation and IPE Literature

Analytical reviews (i.e., critical synthesis and meta-analysis) 
of simulation and the IPE literature have found similar gaps 
that make it difficult to determine the factors that lead to 
positive or negative interprofessional learning [3–18]. These 
common gaps include:
• Lack of common language
• Lack of conceptual models/frameworks
• Lack of a theoretical foundation to guide program devel-

opment
• Lack of rigor in teaching and research methodology with 

too many unaccounted variables
• Lack of validated or reliable measures of evaluation
The identified gaps underscore challenges for educators 
looking to create simulation-enhanced IPE. Given these 
gaps, this chapter provides common language, a conceptual 
model, theories that educators can use, variables to consider 
when implementing activities (specifically, how to develop, 
implement, debrief, and evaluate interprofessional simula-
tions, IPsim), reporting frameworks, and areas for future re-
search as a guide for simulation educators.

Creating a Common Language

Human communication depends on given names. In order 
to create and maintain common understanding, names are 
used. Healthcare simulation and IPE has the inherent poten-
tial for wide creativity. Programs and organizations around 

the world continue to pioneer innovative methods, creating 
their own terminology [19]. This leads to a disjointed com-
munity with difficulty in understanding each other’s work 
and findings and often making individual interpretations of 
others’ terminology.

A common language is essential in developing knowledge 
and for facilitating discussions that will build knowledge. In 
an attempt to decrease varying terminology across geogra-
phy, professions, and institutions, some key terms and defi-
nitions are suggested for the field in Table 15.1. These terms 
and definitions stem from sentinel articles in the fields and 
have been confirmed with current and leading group work in 
lexicography for both fields: the Taxonomy and Terminol-
ogy Committee for the Society for Simulation in Healthcare 
and the interprofessional work published by the Institute of 
Medicine, World Health Organization, and Centre for the 
Advancement of Interprofessional Education [20–24].

A Conceptual Model for Simulation-Enhanced 
IPE

Conceptual models often provide clarity in understand-
ing and can serve as a guide for development of programs. 
We offer here a model to clarify understanding of the field 
(Fig. 15.1) [25]. A model for developing valid, reliable, and 
measurable SimBIE is provided later in the chapter, as well 
as an implementation model for SimBIE (Fig. 15.2).

Simulation-Enhanced IPE

SBE is only one type of methodology used in IPE but is 
increasingly becoming the preferred methodology in the 
healthcare field. IPE is one type of purpose used in SBE. As 
depicted in Fig. 15.1, simulation-enhanced IPE is the mer-
gence of both sciences into one field.

The elements of simulation that make it an attractive 
method for IPE are as follows: (a) It provides a safe environ-
ment by keeping real patients safe; (b) there is, otherwise, 
a lack of opportunities in clinical settings for skill develop-
ment; (c) it provides a realistic experience; (d) students are 
more engaged in experiential and active learning; (e) it is 
deliberate practice; and (f) it provides a standardized experi-
ence. Simulation was seen to be more effective than other 
IPE activities at achieving interprofessional objectives due 
to the following attributes: realism, practice, debriefing 
and reflection, increased student engagement, relevance of 
the experience, fostered interaction, safe environment, op-
portunity for feedback, immediacy of feedback, immersive 
experience, framework for learning communication, and the 
emotional experience [48].
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Relevant Theories as Frameworks for 
Development

While ongoing research and publications strengthen the 
foundation of this field, there are a number of educational 
theories that serve as a tool for development of simulation-
enhanced IPE programs. An understanding of the common 
theories used to support the development of simulation ac-
tivities and those used to support the development of IPE 
provides educators with a deeper understanding of the pur-
poses and benefits of both fields. This understanding will 
guide educators when choosing methods to create effective 
and high-quality simulation-enhanced IPE. Theories are 
derived from years and years of collective experience and 
reflective thought of experts. The use of theories to guide 
practice creates an informed and intelligent approach to the 
educational activity [34]. Relevant theoretical frameworks 

for healthcare simulation are presented in Table 15.2 (for 
more background, see Morrison and Deckers [35]). Relevant 
theoretical frameworks for IPE are presented in Table 15.3 
(for more information on these frameworks, see the Journal 
of Interprofessional Care, Theoretical Special Issue 27 [36]).

Variables to Consider in SimBIE: Development, 
Implementation, Debriefing Considerations, 
and Evaluation

While educators across the globe nod their heads in agree-
ment on the need for IPE using healthcare simulation (HCS), 
the difficulty is in the doing. Many educators feel insecure 
about their knowledge in either IPE or SBE; however, given 
the relatively young phase of this science [3], this is expect-
ed. Simulation and IPE educators are currently pioneers de-
veloping this educational science.

 

Table 15.1  Simulation-enhanced interprofessional education terms of reference

Crisis resource management (CRM) is an approach to managing critical situations in a healthcare setting. CRM training emphasizes commu-
nication skills. Originally developed in aviation and, as a result, also called crew resource management, CRM emphasizes the role of human 
factors—the effects of fatigue and perceptual errors, as well as the effects of different management styles and organizational cultures in high-
stress, high-risk environments [20, 21]
Interdisciplinary learning (IDL) “involves integrating the perspective of professionals from two or more professions, by organizing the educa-
tion around a specific discipline, where each discipline examines the basis of their knowledge” [22]
Interprofessional education/training (IPE) “describes those occasions when two or more professions learn with, from and about each other 
to improve collaboration and the quality of care” [23]. “It is an initiative to secure interprofessional learning and promote gains through 
interprofessional collaboration in professional practice” [24]. “Formal interprofessional education aims to promote collaboration and enhance 
the quality of care; therefore it is an educational or practice development initiative that brings people from different professions together to 
engage in activities that promote interprofessional learning. The intention for formal interprofessional education is for curricula to achieve 
this aim” [24]. “Informal (or serendipitous) interprofessional education is unplanned learning between professional practitioners or between 
students on uniprofessional or multi-professional programs, which improves interprofessional practice. At its inception, it lacks the intention 
of interprofessional education. At any point in time after that it may be acknowledged that learning with, from and about each other is happen-
ing between participants. However, in many such initiatives, this remains unacknowledged or is only recognized on reflection in and on the 
learning practice” [24]
Interprofessional learning (IPL) is “learning arising from interaction between members (or students) of two or more professions. This may be 
a product of interprofessional education or happen spontaneously in the workplace or in education settings (e.g., from serendipitous interpro-
fessional education)” [24]
Interprofessionalism is “the effective integration of professionals through mutual respect, trust, and support, from various professions who 
share a common purpose to mold their separate skills and knowledge into collective responsibility and awareness that can be achieved through 
learned processes for communication, problem solving, conflict resolution, and conducting evaluation” [48]
Intraprofessional involves activity between or among individuals within the same profession with similar or different specialties or levels of 
practice (e.g., surgeons and emergency physicians; clinical nurses and nurse practitioners; and residents and physicians)
Multidisciplinary (MD) involves bringing professionals with different perspectives together to provide a wider understanding of a particular 
problem [22]
Multiprofessional education (MPE) is “when members (or students) of two or more professions learn alongside one another: in other words, 
parallel rather than interactive learning. Also referred to as common or shared learning” [24]
Simulation-enhanced IPE is the use of healthcare simulation modalities for IPE. Simulation-based interprofessional education (SimBIE) 
describes simulations that are created using interprofessional learning objectives, and students from two or more professions learn with, from, 
and about each other during the simulation; whereas interprofessional simulations (IPsim) describe simulations that are created using clinical, 
diagnosis-centered, or task-focused learning objectives, and students from two or more professions participate in the simulation, learning in 
parallel and not necessarily from and about each other during the simulation [48]
Transdisciplinary is a strategy that crosses many disciplinary boundaries to create a holistic approach to development and attempts to 
overcome the confines of individual disciplines to form a team that crosses and recrosses disciplinary boundaries and thereby maximizes com-
munication, interaction, and cooperation among team members [24]
Uniprofessional education is when members (or students) of a single profession learn together [22, 24]
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Many programs have successfully provided team train-
ing and published findings for years; however, each program 
has different unaccounted variables for success and failure 
(e.g., characteristics of the educator, students, simulation 
program) [3]. The collective recommendations toward suc-
cessful programs suggested in this chapter come from the 
experience of the authors and are offered to help faculty de-
velop their own simulation-enhanced IPE programs. While 
a reader of this chapter may gain insight into developing a 
simulation-enhanced IPE program, skills and knowledge of 
developing simulation-enhanced IPE are gained in the pro-

cess of creating, implementing, and evaluating an activity. 
By these experiences, one may understand the unique pro-
grammatic variables that support or oppose IPE efforts in 
their own particular organizational culture.

Recall from Table 15.1 the difference between IPsim and 
SimBIE. IPsim may be created by recreating an actual clini-
cal event that involved different professions performing their 
profession-specific goals simultaneously. Many simulation 
programs developing interprofessional activities create 
IPsim where the objectives are a mix of profession-specific 
clinical objectives. While this may create interprofessional 
learning in the process, it is not guaranteed. Different from 
IPsim, SimBIE simulations are based on interprofessional 
objectives (competencies required for effective interprofes-
sional collaboration and practice) and have interprofessional 
opportunities (e.g., communication or communication chal-
lenges) embedded into and facilitated throughout the simu-
lated case (e.g., via an embedded simulated provider (ESP)/
confederate). These simulations require an interprofessional 
focus during the development of the case. As a method that 
is more secure in achieving IPE objectives and in alignment 
with the scope of this chapter, we will be focusing on pedi-
atric SimBIE when describing how to develop, implement, 
and evaluate cases. To distinguish the terminology used in 
this chapter, simulation-enhanced IPE is the umbrella term 
for any simulation used for IPE, whereas SimBIE are simu-
lations that have interprofessional objectives embedded into 
the experiential activities.

Fig. 15.2  Implementation 
model for simulation-enhanced 
interprofessional education 
(IPE). PA physician assistant. 
(Reproduced with permission 
[3])

 

Fig. 15.1  The field of simulation-enhanced interprofessional educa-
tion (IPE). (Reproduced with permission [25])
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Developing SimBIE

Performing a Needs Assessment

When developing simulation-enhanced IPE, a needs assess-
ment should be performed. Education created to address 
identified needs are likely to be more successful in achieving 
support (i.e., institutional and funding), as well as generating 
a more significant impact. Findings from a needs assessment 
can serve as goals or objectives for simulation-enhanced 
IPE. Needs may be identified at the macro-, meso-, and mi-
crolevels (see Fig. 15.3).

At the macrolevel, professional societies identify needs 
for the community and for the profession. More and more 
professional societies are recognizing and promoting the 
need for and developing specific competencies around inter-
professional collaboration. External funding is often avail-
able for organizations that look to meet this need. Team com-
petencies have been developed by international and national, 
professional, and interprofessional committees [49–51]. 
These competencies can be used as objectives that structure 
the simulation experience.

Programmatic competencies, areas for improvement as 
identified by accreditation organizations, and actual patient 

safety or risk management cases can identify needs at the me-
solevel. Internal funding and human resources for programs 
structured around needs at the mesolevel are often easier to 
obtain. Programs developed around mesolevel needs often 
foster interdepartmental and interprofessional collaboration 
within the institutional system.

A needs assessment performed at the microlevel may seek 
to answer questions identified by the patient and family, in-
dividual learner or learner group, educators, or supervisors. 
These can be done via survey, focus groups, town halls, or 
from meeting reports. Questions that can assist in identifying 
needs include:

Patient and Family
• Describe situations where you experienced what you con-

sidered to be great teamwork and poor teamwork for you 
or your child?

• What did you see or would have liked to have experi-
enced?

Individual Learner
• What intimidates you about working in a team of 

healthcare providers?
• What does good interprofessionalism look like to you? 

What are the gaps in your clinical experience?

Table 15.2  Relevant theoretical frameworks for healthcare simulation
Theory Description
Adult learning [26] Andragogy is the study of adult learning. Malcolm Knowles states six assumptions that motivate adults to learn. These 

assumptions include that (1) adults need to know the reason why they are learning what they are learning, (2) adults 
need to be involved in their plan and decisions around education (be self-directing), (3) adults bring vast experiences 
to the discussion, (4) adults are most interested in material that is relevant to their lives, (5) adults learn best when the 
activity is problem-centered, and (6) adults are internally driven [26]

Experiential learning 
[27, 28]

David Kolb and Roger Fry developed a model of learning that conceptualizes learning as a process through the trans-
formation of experience from the work of Dewey, Lewin, and Piaget [27]. The model posits four cycles: experience 
(e.g., work, real-world experience, simulations), reflection (e.g., reflecting on a specific action), conceptualization 
(e.g., analyzing and understanding what drove the action and effect), and experimentation (e.g., planning and executing 
a course of action) [28]. This highlights the crucial role of debriefing in SBE

Situated learning 
[29]

Lave and Wenger describe a social process where knowledge is cocreated within the context of how that skill or 
knowledge is applied [29]. Situated learning theory also embraces a concrete experience (i.e., simulation) and reflec-
tive observation on the experience (i.e., debriefing). Learning is constructed in a way where knowledge is contextual-
ized. This deep understanding of the context becomes the means for understanding that situation and the meaning 
made by the learner. This dynamic perspective adds a larger context to debriefing and suggests that learning is sup-
ported and altered through the exchange and interaction of individuals

Reflective practice 
[30, 31]

Donald Schön’s work describes how we create new meaning through the analysis and understanding of actions and 
values. There are two types of reflection: reflection-in-action (i.e., during the simulation) and reflection-on-action (i.e., 
after the simulation) during debriefing [30]. Debriefing should also allow for a third type of reflective practice identi-
fied by Thompson and Pascal [31]: reflection-for-action (i.e., how to apply new meaning for new action in practice or 
for the next simulation)

Deliberate practice 
[32, 33]

K. Anders Ericsson outlines essential components of deliberate practice that optimize learning and performance 
including internal motivation to engage in a task to improve; building upon previous experience, skill, and knowledge; 
immediate feedback on the performance; and repetition of the task [32]. Ericsson underscores the point that healthcare 
students need representations that can support planning and practice of the actual performance to allow for adjustments 
toward mastery, and there is a need where feedback can be immediate [33]. With careful planning and skilled facilita-
tion, simulation with debriefing helps to fill this need

SBE simulation-based education
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Learner Group
• What surprises or scares you about working in a healthcare 

team?
• What are your stereotypes of other professions, and how 

does that impact clinical behavior?

Educators
• What are the things about working in teams that you wish 

your clinical students would know prior to beginning a 
clinical rotation?

• What learning gaps exist between professions?
• What team-related gaps have you observed in simula-

tions?

Supervisors
• What are your fears around patient safety that are relevant 

to team collaboration or communication?
• What practice gaps exist between professions?

Table 15.3  Relevant theoretical frameworks for interprofessional education
Theory Description
Psychodynamic theory [37] Bion brings to light psychodynamic perspectives where learning depends on cultivating critical awareness of 

behavior in, as, and between groups [37]
Contact hypothesis/theory 
[38]

Allport posits that contact modifies prejudice and stereotypes between professions and, therefore, modifies 
relationships between professional groups [38]

Identity theories [39–41] In social identity theory, Tajfel and Turner describe how our identity comes from our membership of social 
groups in which we perceive our group more positively than others [39]. Turner explores self-categorization 
theory as an expansion of social identity theory in the context of one’s organization [40]. Brown et al. focuses 
on group objectives in realistic conflict theory where the objectives in each group surface through attitude and 
behavior [41]

Practice theory (Bourdieu, 
1977)

Bourdieu describes how professional identity is acquired through one’s culture and how each profession has its 
own cultural capital. Under this theory, IPE should be a common, long, and consistent experience [42].

Situated learning [29] See description in Table 15.2. Lave and Wenger complement situated learning with the concept of a community 
of practice. The learning in IPE should include the same members with their perspectives and contribution of 
the event explored [29]

Sociology perspectives The field of sociology has many social theories that could explain how professions are socialized into the 
values and mental models of each and the behaviors that ensue

General systems theory [43] Von Bertalanffy views the whole individual–community–environment as beyond professional and political 
bounds typically of focus, taking into account each profession’s complexity. Cause and effect are interde-
pendent, and this theory seeks to unify how each profession relates their work to the needs of all involved 
components [43]

Organizational theory [44] Senge describes conditions that nurture learning, creating a culture of enquiry. An environment capable of a 
respectful, proactive, innovative, continuous, and iterative process of change and reframing allows this culture 
of inquiry [44]

Activity theory [45] Engestrom focuses on understanding and intervening in interactions to effect change in relations at the micro-
level (individual) and macrolevel (community rules). This requires a joint activity [45]

Complexity theory [46] Fraser and Greenhalgh account for the unpredictable, complex, adaptive systems in organizations, professions, 
and learners. Learning takes place between familiar and unfamiliar tasks and environments. To address each 
complexity, multiple remedies are more effective [46]

Transformative learning 
theory [47]

Transformational learning is a branch of adult learning (see Table 15.2). Mezirow describes a 10-step process 
for transformative learning to offer a guideline in developing the skills needed for optimal team performance 
in a complex environment [47]

IPE interprofessional education

Fig. 15.3  Assessing interprofessional education (IPE) needs at the 
macro-, meso-, and microlevels
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Authoring a SimBIE Case

Once the needs have been determined, interprofessional ob-
jectives may be written. When writing objectives for SimBIE, 
depending on time allotted for the simulation and for debrief-
ing, it is important to choose achievable and observable inter-
professional objectives. Faculty from each target learner group 
should come to consensus on objectives. Once objectives are 
determined, the simulation case can be chosen or written.

A common occurrence when authoring IPE scenarios is 
the use of existing scenarios developed for one profession. 
If this is done, each scenario needs to be revised to meet the 
needs of each professional group involved in the learning to 
ensure equal opportunity for learning.

If/Thens Each scenario should have progression plans with 
if/thens outlined for scenario facilitators. If/thens are written 
plans for “If X occurs, then the facilitators will do Y.” Fac-
ulty from each learner group should be involved in develop-
ing a robust list of if/thens for the scenario. Faculty should 
become familiar with these progression plans and be pre-
pared to facilitate in these situations.

Simulation, in the context of an educational tool, should 
be validated prior to implementation. Validity is not only es-
tablished by making sure that faculty proponents from each 
target learner group have reviewed and revised the scenario 
to make it realistic and achievable for their group but also 
through dry runs (e.g., implementation of the simulation 
with a pilot group). A dry run with practicing providers from 
each learner group can confirm or disconfirm the realism of 
the case. A dry run with a sample of the intended target learn-
er groups helps confirm or disconfirm that opportunities to 
demonstrate objectives are adequately embedded in the sce-
nario, are realistic, achievable, and observable (Table 15.4).

Implementing SimBIE

An Implementation Model for Simulation-
Enhanced IPE

The model provided in Fig. 15.2 outlines nine steps that have 
been identified to create strong simulation-enhanced IPE and 
suggests points of measurement to assist in evaluating the 
education, as well as its practice impact:
1. Clinical practice premeasurement
2. Creating a safe physical and psychological environment
3. IPE premeasurement
4. Ice breaker
5. IPE content
6. Pre-briefing
7. Simulation + debriefing
8. IPE post-measurement
9. Clinical practice post-measurement

Clinical Practice Pre- and Post-measurement

Gaps in the literature call for programs to measure and think 
about IPE impact at the clinical practice or healthcare sys-
tems level [8, 11, 16, 18]. We present this as a beginning and 
end goal of IPE and recognize that this presents as a cur-
rent challenge to many educators and IPE activities. In the 
case that these pre- and post-clinical practice measurement 
steps are difficult to achieve, it is good practice to consider 
how the simulation-enhanced IPE translates from and to the 
clinical practice setting, informing future IPE activities and 
bridging the education-to-practice gap [52, 53].

Table 15.4  Simulation-based interprofessional education development: challenges and tips
Developing simulation-based IPE
Challenge Tips
Scheduling faculty to assist in development There are often faculty in each profession who are simulation or IPE enthusiasts. Ask your 

simulation program staff and each school. These proponent faculty are often eager to partici-
pate and flexible in their scheduling

Deciding on a scenario It is often easy for a group of interprofessional faculty to come to consensus on objectives. 
Deciding on a scenario usually presents more challenges based on each faculty’s preference/
specialty. Explore each faculty’s ideas and see if you could come to consensus on which sce-
nario best meets the agreed upon objectives

The dry run with target learners did not meet 
the objectives

Simplify. Choose 1–2 objectives and rerun. Run a focus group following the dry run to deter-
mine how they think you could have achieved the objectives. Make sure you are choosing the 
right modality—is a mannequin better for this scenario or a standardized patient? Is simulation 
the best method for these objectives?

IPE interprofessional education
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Creating a Safe Physical and Psychological 
Environment

Given social barriers of unfamiliarity, hierarchy, stereotypes, 
and individual and group identity, the importance of estab-
lishing psychological safety is heightened when bringing 
together learners from different professions. Four important 
practices have been suggested with the goal of establishing 
a psychologically safe environment: declaring and enacting 
a commitment to respecting learners and concern for their 
psychological safety; attending to logistic details; clarifying 
expectations and establishing a fiction contract (i.e., inform-
ing participants that educators and staff have done their best 
to make the simulation as real as possible, acknowledging 
that it is not real, while asking participants to act as though it 
is real for the purpose of individual and group learning) with 
participants [54]. While the steps of creating a safe environ-
ment are beyond the limits of this chapter, it is noted that 
team engagement and reflection depends on the safe con-
tainer created by the faculty where one feels safe to take risks 
with the potential to make mistakes, speak up, share his/her 
thoughts, and provide peer-to-peer feedback despite the so-
cial challenges faced in IPE [55].

IPE Pre- and Post-measurement

The literature identifies the challenges of understanding 
which variables in simulation-enhanced IPE actually influ-
ence the learning [3, 56–58]. This is because the methods 
are often not directly studied or reported. Pre- and post-IPE 
measurement is necessary in order to replicate success-
ful IPE. One example of a pre-post measurement tool for 
IPE was created and used to assess student perspectives on 
SimBIE [59]. The methodology should be examined in a 
way where, if it were to be adopted by another program or 
be implemented again, the same (or higher) level of inter-
professional learning will be achieved. While rigorous mea-
surement (e.g., controlled, randomized, longitudinal, mixed 
methodology) is ideal for these steps, it is beyond the scope 
of this chapter (see Chap. 7).

Ice Breaker

A brief introductory and interactive activity allows the learn-
ers and faculty to learn about each other in a less formal way, 
establishing a team environment, flattening hierarchy, creat-
ing group unity, and contributing to the future engagement 
of the learners [60].

IPE Content

In a recent report of team training and patient outcomes, the 
use of simulation was found to enhance learning outcomes, 
and the use of combined training strategies with simulated 
practice, information, and demonstration is more effective 
than simulation alone for learning, behavioral transfer, and 
organizational outcomes [16]. Additionally, a supplemental 
team training curriculum, in addition to SimBIE, was found 
to have a significant effect on team performance and behav-
ior [61]. This suggests that explicit information around the 
objectives should be provided to the learners in addition to 
simulation.

Pre-briefing

Depending on the objectives of the session, faculty who 
developed the case should determine what information is 
needed and appropriate for the learners to know prior to the 
simulation, particularly the learners’ roles. Many simulation 
programs believe that simulation is most powerful for the 
learner when they are exactly who they are rather than anoth-
er role, for example, a physician should be a physician in the 
simulation rather than pretending to be a nurse. This school 
of thought believes that it subtracts from necessary learning 
for that individual, tends to make the simulation environ-
ment more confusing for participants, and may reinforce ste-
reotypes that IPE seeks to breakdown—stereotypes that have 
been shown to negatively impact patient care. These pro-
grams will give a general assignment to the participants that 
allows freedom for them to be who they are clinically in their 
profession (e.g., “you are the rapid response team”). Some 
simulation programs predetermine the roles of the learners to 
provide variety and realistic composition of involved teams 
in the simulation case and under the belief that playing a 
role other than one’s clinical role may provide insight into 
this other role [62]. Based on our interprofessional experi-
ence, the authors recommend against the predetermination 
of individual roles unless role exposure is one of the main 
objectives—and if that is the case, the simulation debriefing 
should be carefully facilitated to address role issues.

The Simulation

Environment
As highlighted in the section on theoretical frameworks in-
fluencing SBE and IPE, an authentic concrete experience 
where teams of professions can demonstrate team behaviors 
can create rich and relevant experiences for reflection and 
debriefing. Whether the program developed is for an under-
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graduate or a postgraduate group of learners, it is essential 
to determine the time, date, and venue well in advance. Re-
source and logistical implications of developing and run-
ning IPsim is often concerned with undergraduate programs 
where large cohorts from multiple sites are common [63]. 
The size of the group may encourage restructuring of the 
simulation, change in methodology, or change in venue [13].

Clinical practice scenarios using high-technology pediat-
ric simulation may be conducted in the clinical area. This 
is called in situ simulation. In situ simulation provides a 
naturalistic environment with actual and familiar clinical 
equipment, enhancing the fidelity or realism of the case (see 
Chap. 12 for details). There are advantages to conducting the 
IPE in a simulation center, including decreased distraction 
affecting a clinical workload, providing a private and safe 
environment, removing the learners from social barriers that 
are associated with the actual environment, and unifying the 
learners by holding the simulation in a less familiar environ-
ment.

The Pediatric Patient
Mannequins are typically used as the pediatric patient. The 
voice and verbal mannerisms of the mannequin (if appli-
cable) should be realistic for the patient size, age, and con-
dition (see Chap. 10 for details). Voice altering software or 
realistic sound files may be used to enhance fidelity.

Standardized pediatric patients are rare. While some pro-
grams find ways to employ actual children as pediatric pa-
tients, most programs do not and are uncomfortable seeking 
this methodology. The idea or effect of using children to play 
roles as a pediatric patient needs further exploration and is 
listed as an area of future study (see Chap. 8 for details).

Embedded Simulated Family/Caregivers
Because pediatric care involves care of the family or care-
giver, pediatric simulations should have embedded simu-
lated family and caregivers. The roles should have clear if/
thens and should be dry run for the purpose of training for re-
alistic acting. The inclusion of family and caregivers allows 
opportunity for other healthcare professions (e.g., social 
work, marriage and family therapy, etc.). Such roles can be 
performed by embedded simulated family or caregivers who 
will be familiar with the case and the script, and facilitate 
the learning by providing realistic cues (e.g., providing ad-
ditional information if an objective was missed by the group 
for a period of time).

Embedded Simulated Providers
Depending on the objectives of the education, ESPs, also 
known as “confederates” or “actors,” may be used. It is im-
perative that these roles be structured and dry run cautiously. 
To prevent the reinforcement of stereotypes or offense to the 
profession, the portrayal of the role must be realistic and the 
ESP screened for the ability to play a realistic role.

Debriefing Simulation-Enhanced IPE

Debriefing is necessary in the most critical phase in simula-
tion-enhanced IPE. It allows for reflection on team processes 
and feedback (see Chap. 3 for details). In debriefing, the team 
is able to cocreate new knowledge based on their behaviors 
in the simulation merged with thoughts and beliefs from past 
experiences. A general rule for debriefing is that it is twice 
the amount of time allotted to the simulation scenario. If the 
objectives chosen for the educational experience were care-
fully built into the simulation, they often naturally make their 
way to the debriefing conversation. While the simulation 
provides a common experience as material for discussion, 
the debriefing is the discussion and that is where team excel-
lence and barriers could be explored to deepen each learner’s 
understanding of interprofessional practice in ways that are 
relevant to them and applicable to their practice.

Debriefers
Faculty often wonder who should debrief interprofessional 
groups. Interprofessional groups can be debriefed by a mem-
ber or members of any of the healthcare professions. It is 
best that the individual has formal training in the debrief-
ing process. There are a number of training programs for 
interprofessional debriefing [64]. The debriefer should not 
only be competent in facilitating discussions and facilitat-
ing challenging discussions but should also be aware of their 
own stereotypes and beliefs around different professions and 
interprofessional practice. These beliefs often leak out in the 
conversation with risk of reinforcing existing stereotypes or 
creating negative interprofessional learning.

Co-debriefing
Because of learner diversity, a model of co-debriefing might 
be chosen. Co-debriefers should meet beforehand to become 
familiar with each other including areas of expertise and de-
briefing comfort. Proactive planning and planning for reac-
tive strategies (e.g., plan to do X if Y occurs during the de-
briefing) assist in well-facilitated co-debriefings.

Subject Matter Experts
Many programs feel as though subject matter experts from 
each profession should be part of the debriefing. If subject 
matter experts are used, guidelines should be provided re-
garding the debriefing to prevent multiple facilitations of the 
debriefing. Generally, it works well for the subject matter 
expert to be called on by the debriefer when consultation on 
clinical or practice content is needed. Other programs will 
have separate short uniprofessional debriefings with subject 
matter experts following the interprofessional debriefing or 
vice versa. Further research is needed with regard to how 
subject matter experts are best integrated.
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Video
The debriefing discussion may be facilitated through the use 
of video. The video clips played should allow opportunities 
for each learner’s profession to visualize its impact on the 
team and case. Previewing the discussion topic prior to play-
ing the video helps learners view the video from the perspec-
tive of an objective.

Tools for Evaluating SimBIE

Evaluation of the event can measure and analyze areas for 
improvement in the program (content, simulation, and de-
briefing), in student learning, and in the impact that this IPE 
activity has on actual patient care. Unfortunately, many pro-
grams use homegrown tools that have not been tested for 
validity or reliability. A tool is considered valid if it has been 
tested in a rigorous way and shown that it measures what 
it intends to measure. A tool is considered reliable when it 
has been shown to provide consistent and stable results (see 
Chap. 7 for details). It often takes years to develop a valid 
and reliable tool. Novice educators should seek assistance 
from experts in assessment or psychometrics when choosing 
and implementing an evaluation tool and analyzing data. The 
National Center for Interprofessional Practice and Education 
has information and tools that may fit the purpose of a study 
(https://nexusipe.org/measurement-instruments).

A Framework for Reporting

Findings from simulation-enhanced IPE should be dissemi-
nated. This allows the field to synthesize existing work in 
a way that promotes scientific excellence and determines 
which variables (e.g., methodology, equipment, techniques) 
in simulation-enhanced IPE contribute to effective learning. 
Table 15.5 suggests variables that should be reported when 
publishing simulation-enhanced IPE work. Current reporting 
mechanisms may limit the details necessary for replication 
(e.g., word limits, journal requirements for methods used). 
Finding additional venues (e.g., MedEdPortal, Web adden-
dums to journals) to report details is necessary to addressing 
gaps in this science. Recognizing the limitations in report-
ing, when a published model is chosen, more thorough de-
tails should be sought via direct inquiry with the authors or 
researchers.

Examples of Simulation-Enhanced IPE

Example 1

This study aimed to develop, implement, and evaluate an 
interprofessional undergraduate program using technology-

enhanced pediatric simulation to learn clinical competencies 
and communication and teamwork skills [65]. The authors 
developed and delivered workshops to an undergraduate 
interprofessional group of medical and nursing students. 
Learning outcomes for this group included the clinical man-
agement of sick children, learned competencies, communi-

Table 15.5  Suggested variables to report in simulation-enhanced 
IPE. (Reproduced with permission [3])
Suggested reporting items for future simulation-enhanced IPE
Objectives
Aims and purpose of study (manuscript)
Objectives of educational activity
Objectives of simulation activity
Background
Terminology and definitions used by author
Current existing literature
Learners
Sample sizes (total and per professional group)
Profession or program
Grade level
Team composition in simulation
Educators/researchers
Backgrounds/credentials
Composition for development of study and educational activity
Composition for implementation of study and educational activity
Method
Design
Theoretical framework
Interventions
Simulation modality
Type, model, and version
Details of scenario (consider video supplement and scenario 
appendix)
Structure of debriefing if incorporated (consider video supplement 
and appendix if structured or semi-structured)
Measures
Why chosen
Validity
Reliability
Results
Discussion
Simulation factors that may have led to positive outcomes
Simulation factors that may have led to negative outcomes
Challenges encountered
Strengths of study design
Limitations of study design
Areas for future study

IPE interprofessional education

http://nexusipe.org/measurement-instruments
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cation and teamwork. Six clinical scenarios were developed 
(bronchiolitis, croup, asthma, meningococcal septicemia, 
acute gastroenteritis, and heart failure). Students undertak-
ing this program were in a simulation suite comprising two 
rooms within a clinical skills center. The setting is described 
as a typical pediatric accident and emergency treatment 
room. Questionnaires received from 95 students resulted in 
positive feedback in that the groups felt that the experience 
allowed them to learn essential skills for the management of 
acutely ill children in a risk-free environment with the op-
portunity to practice and reflect on performance.

Example 2

This program was developed for preregistration interns, third-
year nursing students, physiotherapy students, and pharmacy 
interns focused on team communication, professionalism, 
shared problem-solving and clinical decision-making within 
an interprofessional team in the simulated environment [66]. 
The authors describe the approach as scheduling three 2-h 
sessions encompassing a series of short didactic lectures, 
followed by appropriate discipline skills workshops and two 
concurrent simulated pause and discuss clinical scenarios. 
All students were involved at the same time, and no video 
replay was used for these sessions. Topics based on a needs 
analysis included the deteriorating child, pain management, 
and the child with asthma. Each session addressed discipline-
specific objectives in addition to shared competencies. In a 
post-session 5-point Likert questionnaire with comments, all 
four disciplines stated that it was constructive to explore the 
interaction and roles within allied health and medical and 
nursing staff working together. However, the internal medi-
cine group were unable to participate in the plastering skills 
session due to time constraints. They expressed their interest 
and disappointment in not attending. This session was only 
scheduled for participation from the physiotherapy group. 
Faculty feedback from this study highlighted the difficulty 
in scheduling for learners from multiple university facilities 
while on a clinical placement. Interprofessional faculty are 
required to facilitate such a program, and this may also cause 
scheduling challenges in balance with a clinical workload.

Example 3

This program was developed in the undergraduate setting 
with five different professional groups [67]. This study de-
scribes the development of half-day pilot sessions involv-
ing prequalifying students from the disciplines of medicine, 
nursing, physiotherapy, radiography, and operating depart-
ment practice. Faculty from three universities worked col-
laboratively to develop the adult scenarios and learning out-

comes that included a patient (standardized) with chest pain, 
another with chronic obstructive pulmonary disease (COPD) 
and a mannequin-based cardiac arrest sequence. The sce-
narios were conducted with those students not involved 
observing their peers through live video feed. The pre- and 
post-session student questionnaires reported related both to 
attitudes to interprofessional learning and perceptions of ele-
ments imperative to good patient care. From the data collect-
ed, most students reported an increase in confidence levels 
in interacting with other professional groups. The usefulness 
of video feedback differed between the professional groups 
with a post hoc Dunn’s test demonstrating that medical stu-
dents were less positive about this than nursing students.

Example 4

This program was created with the intent to help guide edu-
cators on the design, delivery, and assessment of simulation-
enhanced IPE. The authors developed a measurement instru-
ment to evaluate team-based performance during simulated 
pediatric acute care scenarios. The KidSIM Team Perfor-
mance Scale checklist was developed and tested with 196 
undergraduate medical, nursing, and respiratory therapy 
students using a quasi-experimental research design. The 
student teams underwent two 20-min acute illness manage-
ment scenarios followed by 40 min of facilitated debriefing. 
Teams comprised one medical student, one to two respira-
tory therapy students, and two to four nursing students. 
Teams underwent scenarios of sepsis, seizures, asthma, and 
anaphylaxis. The objectives focused on the CRM concepts 
of leadership, roles and responsibilities, communication, 
situation awareness, and resource utilization. Students in 
the intervention group received a 30-min team training pre-
sentation, discussion, and a short video module prior to the 
simulation. In the establishment to the reliability and validity 
of this instrument, the investigators discovered three dimen-
sions of team performance that align with team performance 
literature and show that team performance relies on these 
dimensions: (1) roles and responsibilities, (2) communica-
tion, and (3) patient-centered care. The study also found that 
a supplementary team training curriculum further enhances 
team performance [61].

Conclusion

This chapter provides a brief overview of terms, theoreti-
cal frameworks, conceptual models, considerations for de-
velopment, implementation, evaluation, and reporting of 
simulation-enhanced IPE. While information, suggestions, 
and guidelines are provided in this chapter, learning how 
to do simulation-enhanced IPE occurs in the doing. There 
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are many areas in need of further study, which are listed in 
Table 15.6. Thought, planning, and consideration of simula-
tion-related and IPE-related variables lead to effective simu-
lation-enhanced IPE programs.
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Simulation Pearls

1. Keep it small at first. Start with a pilot.
2. Identify all your stakeholders and engage early adop-

ters at the beginning. Stakeholders may include simula-
tion leaders, pediatric hospitalists, residents, residency 
program directors, nursing educators, nursing managers, 
 respiratory therapy managers, hospital administrators, 
and others. Their ongoing support will help to maintain 
momentum and overcome obstacles in the long run.

3. Interprofessional collaboration is essential to identifying 
key problems, performing root cause analysis, and deter-
mining systems-based solutions.

Introduction

The field of pediatric hospital medicine (PHM) is growing at 
an accelerated rate. The inpatient clinical environment is dy-
namic and challenges practitioners to meet not only clinical 
needs but also demonstrate excellence in medical education, 
quality improvement, research, and leadership. Simulation 
education can play a key role in enabling pediatric hospital-
ists and the interprofessional inpatient teams to provide the 
highest standard of inpatient care and contribute to improv-
ing health outcomes.

Drivers for Simulation Programs in PHM

There are many factors driving simulation programs in 
PHM. First, there is a need for practitioners to meet core 
competencies in PHM [1]. Most physicians entering the 

field come directly out of residency [2]. However, residency 
training alone is insufficient to prepare a physician to fulfill 
all core competencies. Studies have shown most pediatric 
residents complete their training without obtaining sufficient 
experience in the care of critically ill children and critical 
care procedural skills [3, 4].

Pediatric hospitalists are expected to care for an inpatient 
population that is growing in volume, acuity, and medical 
complexity. The fastest-growing inpatient cohort are those 
with chronic multisystem, complex, or progressive condi-
tions [5]. In addition, some pediatric hospitalists are tak-
ing on roles in sedation, medical transport, and central line 
placement. They may also be co-managers with surgical spe-
cialties, code team leaders, and provide service in the inten-
sive care unit.

This expanding list of roles and services requires that 
both pediatric hospitalists and the inpatient interprofessional 
team have a common understanding and achieve competency 
within their scope of practice. This requires regular, ongoing 
practice of events that are (i) frequent yet challenging and 
(ii) rare and critical. Simulation is an educational modality 
that has the potential to support the interprofessional team to 
practice these events in a context that is real and relevant. In 
the sections to follow, we will describe how simulation edu-
cation can be implemented for inpatient care teams.

Curriculum Development, Design, and 
Implementation

A common misconception is that scenarios should all be 
based on urgent code situations. However, it is also valuable 
to simulate less acute scenarios as these are more likely to be 
encountered on the inpatient wards. The focus may be to op-
timize precode care or rehearse a challenging situation such 
as disclosure of a medical error. When scenarios are closer to 
the scope of participants’ usual practice, the debriefing tends 
to be a practical and meaningful learning experience.
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We will present three models for simulation programs that 
are contextualized to the inpatient environment. For each, we 
will describe strengths and challenges, along with sugges-
tions for implementation. We hope this will give a frame-
work for developing a simulation program that best matches 
a center’s needs and available resources.

Just-in-Time Simulation

Just-in-time (JIT) simulation is a novel yet impactful simu-
lation program that can be implemented on a small or large 
scale. The purpose of JIT is to identify a patient at high risk 
for deterioration and develop a scenario based on the most 
likely way this patient may evolve. This enables the actual 
interprofessional team to rehearse the care they would de-
liver to this patient. When conducted in situ, simulation is 
brought to the point of care (see Chap. 12).

Acute Care and Resuscitation
If an interdisciplinary team can practice specific manage-
ment strategies in advance, there is potential to improve 
that patient’s outcomes. JIT simulation has been shown to 
improve quality of cardiopulmonary resuscitation (CPR) 
among intensive care unit staff [6], increase resident partici-
pation in orotracheal intubations [7], and decrease the rates 
of central-lineassociated blood infections [8].

JIT is a particularly feasible modality to teach acute care 
skills to medical students and residents. One example is a 
JIT mock code program developed for pediatric residents 
to complement a modular curriculum focused on acute care 
[9]. JIT sessions were run one to two times per month. The 
pediatric chief resident selected one of the sickest patients 
on the ward earlier that day and created a scenario where 
that patient acutely deteriorated. The participants included 
the actual residents and nurses who would be the initial re-
sponders in real life, with progressive involvement of respi-
ratory therapists and the intensive care code team. Scenarios 
were short (approximately 20 min) and were immediately 
followed by a 10-min debriefing session. In this study, JIT 
mock codes increased hands-on practice of core resuscita-
tion skills and primed the code team to identify real-life 
obstacles to care. If scenarios are realistic and predictive of 
patient deterioration, there is potential to improve pediatric 
resuscitation outcomes.

In our experience, we have found that a 10–15 min sce-
nario focused at the precode level is another effective ap-
proach to ward-based JIT simulation. The medical students, 
residents, and bedside nurse(s) are expected to manage the 
critical first 10 minutes. The most important elements are 
prioritized and discussed in the 15-min debriefing session 
that follows. This allows for a regularly occurring, high-yield 
learning experience that causes less disruption to the clinical 

work day. In order to heighten the realism of the scenario, 
the JIT session is conducted in an inpatient room whenever 
possible (just-in-place). Details such as the patient’s current 
medications, intravenous access, level of monitoring, medi-
cal devices, and care plans are all incorporated into the sce-
nario. Since the learners are already familiar with the patient, 
their level of engagement tends to be consistently high, and 
they are more likely to act as they would in real life.

JIT and Procedures/Psychomotor Skills
The medical literature describes considerable skill decay for 
procedures requiring complex psychomotor skills and those 
that are practiced infrequently [6, 7, 10] (see Chap. 11). JIT 
simulation is well suited for refreshing these skills and has 
been associated with improved patient outcomes [8].

A compelling example of how regular JIT sessions can 
improve providers’ skills is illustrated in a study on CPR 
effectiveness in the pediatric intensive care unit [6]. Each 
day, five of the most critically ill patients were identified. 
The multidisciplinary teams caring for these patients were 
given a brief (5 min) refresher simulation on CPR. A portable 
mannequin/defibrillator system was brought to the bedside 
to minimize disruption in clinical care (just-in-place). Indi-
viduals who participated in two or more sessions per month 
achieved effective CPR more quickly than those who did 
fewer sessions (21 vs. 67 s).

As the above example illustrates, the simulation setup 
should be simple and portable to enable participants to quick-
ly refresh before performing the actual procedure. Some pro-
cedures specific to the inpatient population include lumbar 
puncture, tracheostomy tube changes, and managing chest 
tubes. Since procedures should be subject to little variability 
and are based around a well-defined set of knowledge, spe-
cific performance objectives and checklists can be easily de-
veloped to evaluate learners, both formally and informally.

Challenges of Conducting a JIT Program
The initial challenges of starting JIT programs are issues as-
sociated with recruiting and funding skilled simulation edu-
cation leaders, ensuring availability of sufficient space and 
equipment, and getting engagement and commitment from 
all stakeholders including the medical teaching unit, nursing 
staff, and other health professionals as needed. Other human 
resource challenges include coverage for bedside nurses to 
enable them to be released for the JIT session, and maintain-
ing ongoing engagement, commitment, and remuneration 
of clinical preceptors. Because actual bedside staff are par-
ticipating in these JIT sessions, punctuality and attendance 
of learners can also be variable as sessions may compete 
with clinical care responsibilities. Curricular challenges in-
clude supporting integration of objectives suited to various 
types of learners (inclusive of medicine, nursing, and allied 
health), limiting the number of learning objectives to fit the 



21316 Simulation for Pediatric Hospital Medicine

allotted time frame, ensuring some diversity in cases (i.e., 
selecting some non-respiratory cases during bronchiolitis 
season), and ensuring adequate training of the debriefers. 
Space and equipment challenges include inpatient room 
availability and availability of mannequins and equipment. 
Table 16.1 describes these challenges of implementing a JIT 
simulation program and offers solutions to each of these 
problems.

Residents as JIT Simulation Educators
One further option is to offer JIT sessions as an educational 
opportunity for senior or chief residents whereby they create 
and deliver JIT simulations. There are both advantages and 
challenges to having trainees in this role. To be successful, 

the basic principles of simulation education and debriefing 
must be taught beforehand. A physician preceptor and an 
educator with expertise in simulation provide support to the 
resident. The major benefit is for residents to learn how to 
lead a simulation session and to collaborate with an interdis-
ciplinary leadership team. The challenges include the need to 
coordinate more people and resources, ensuring expectations 
and roles are communicated clearly, and ensuring that the 
needs of non-physician learners are met. In our experience, 
communication of the program, its mission and objectives, 
and clear up-to-date scheduling are critical to the success of 
the program. A website can be helpful to communicate these 
items and share resources such as blank scenario templates 
and case adjuncts (Fig. 16.1).

Table 16.1  Points to consider when implementing a just-in-time simulation program

Strengths Challenges Solutions
High relevance—scenario, context, 
and healthcare team are all real

Inconsistent participant availability and 
 punctuality—sessions occur during their 
 clinical work day

In situ simulation makes it easier for learners to attend. 
Send reminder pages 30 min prior to the start of the 
session. Make sessions mandatory. A website is helpful 
to coordinate people and resources

Scenarios are easy to construct as 
they are based on a real patient

Limited number of learning objectives makes 
it challenging to meet all learners’ needs

Seek nursing input early in the scenario design process 
to identify relevant learning objectives

Well suited for rehearsing procedural 
and complex psychomotor skills

Availability of space and equipment Plan to run in situ simulation but book backup simula-
tion space in case clinical space not available

Potential to improve patient outcomes Supporting and reimbursing debriefers and 
educators

Provide simulation educator training. Schedule peri-
odic meetings with all stakeholders to troubleshoot 
issues regularly

Fig. 16.1  Screenshot of a 
sample website that can be 
helpful to coordinate people 
and share resources. (Photo by 
Lindsay Long)
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Mock Codes in the Inpatient Setting

Mock codes are designed to support the practice of emergent 
or code scenarios based on the patient population (inpatients 
or outpatients) and medical conditions characteristic of the 
local hospital. Mock codes involve members of the hospital 
code team—typically the clinical inpatient team including 
the medical house staff, nurses, respiratory therapists, inten-
sive care staff and/or rapid response team (where available), 
and relevant subspecialists. Interdisciplinary and interpro-
fessional participation is paramount in mock codes as this 
allows for full identification of complex medical issues and 
system-based problems that might not be apparent within the 
context of a single discipline [11].

Each individual who provides care to inpatients must 
maintain a subset of core acute care competencies. This can 
be challenging because life-threatening cardiorespiratory 
events are relatively uncommon on pediatric inpatient wards. 
Traditionally, resuscitation skills are taught in didactic 
courses such as the Pediatric Advanced Life Support (PALS) 
course. However, many studies have shown that PALS 
knowledge and skills decay rapidly in the 6–12 months fol-
lowing the course [10]. Mock codes are one modality that 
may help healthcare team members to reinforce and retain 
PALS knowledge and skills. Mock code programs have been 
shown to improve patient outcomes. In a landmark study, 
implementation of in situ simulation-based interdisciplinary 
pediatric mock code training was associated with improved 
patient survival-to-discharge rates following in-hospital car-
diac arrest [12].

Similar to JIT sessions, mock codes are preferentially 
conducted in any potential location a patient may be found 
including inpatient wards, diagnostic imaging, outpatient 
clinics, cafeteria, hallway, or therapy pool, among others. 
Mock codes can also be used to test overcapacity plans for 
safety and feasibility, such as when patients are placed in 
designated overflow spaces. In this way, mock codes test the 
hospital response system and allow learners to discuss best 
strategies to deliver care to a patient beyond the usual set-
tings.

Challenges of Conducting a Mock Code Program
Many of the challenges of initiating and maintaining a mock 
code program are similar to JIT programs. However, an ad-
ditional challenge associated with mock code programs is 
recruiting and maintaining the engagement of the broader 
hospital community. Mock codes are usually done sponta-
neously (i.e., no set day or time). Although this randomiza-
tion is helpful in testing the system, it can also be disruptive 
to patient care teams, especially if a sensitive patient care 
activity is occurring at that time (e.g., performing a lumbar 
puncture or chairing a multidisciplinary meeting). In our ex-
perience, when the mock code team leaders communicate a 
set day and time, the vast majority of mock code objectives 
can still be achieved and learner/staff engagement and re-
spect are maintained. We suggest that random mock codes 
contain objectives that require randomness to be a feature. 
Such objectives may include time to initiate CPR, time to 
arrival of the inpatient team, time to arrival of the crash cart/
PICU team, or how the team/system performs when under 
a different stress (e.g., middle of the night vs. middle of the 
day). If randomness is not a critical feature, then scheduled 
mock codes can achieve most core objectives.

A second unique challenge of mock codes is related to the 
provision of feedback to both staff and trainees. Since pre-
briefing is not usually conducted just prior to a mock code, 
leaders of simulation must carefully create and maintain a 
culture of learning and support throughout the session. Ef-
fective, constructive, and supportive debriefing are essential 
to creating a positive learning experience.

Other challenges of conducting mock codes relate to 
management of who shows up, who become the active par-
ticipants in managing the patient, and who is in the audi-
ence. Mock codes can be particularly intimidating for less 
experienced participants and those who feel stressed in per-
ceived fish bowl situations. Ward-based staff may quickly 
defer to the intensive care team; this behavior may limit their 
own engagement and learning. It is important for the mock 
code program leader to communicate to participants well in 
advance who the intended participant(s) are and to ensure 
awareness of the objective of these sessions. Table 16.2 

Table 16.2  Points to consider when implementing a mock code training program for inpatients

Strengths Challenges Solutions
Practice and rehearsal of acute care 
knowledge, skills, and behaviors

May be disruptive to patient care if mock 
codes are called at random

Consider announcing dates/times for mock codes 
ahead of time if randomness is not a critical feature

Systems testing by an interdisciplinary 
team can identify problems and solution

Can be a stressful learning environment Establish clarity around the purpose of the session 
and the intended participants. Create a supportive yet 
constructive debriefing environment

Potential to improve patient outcomes Support to sustain a regularly occurring 
mock code curriculum

Support at least two simulation leaders per domain to 
help achieve program stability

Facilitates the development of teamwork 
within a clinical unit

Confusion around roles between inpatient 
unit staff and code team

Clarify inpatient unit roles and effective transitioning 
to code team members. Highlight mock codes as an 
ideal opportunity to practice this
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 outlines some of the challenges and solutions associated 
with implementing a simulation-based mock code program 
on the inpatient ward.

Inpatient Simulation Continuing Professional 
Development Programs

The majority of simulation education programs are designed 
for trainees. However, the value of simulation is gaining 
momentum among staff providers across many healthcare 
professions. Simulation is particularly beneficial as a way 
of refreshing and practicing previously learned information 
and skills. It also has unlimited potential to support the ac-
quisition of new knowledge and skills. A planned continuing 
professional development (CPD) simulation program can 
provide a guaranteed curriculum for the inpatient staff team, 
which is otherwise difficult to achieve via the intermittent 
JIT and mock code programs.

Some CPD programs start as domain-specific programs 
(e.g., nursing or physician groups independently) and 
evolve into interprofessional staff simulation programs (see 
Chap. 16). Other CPD programs remain domain specific ei-
ther intentionally (to concentrate on domain-specific objec-
tives) or due to resource limitations. Both models have their 
own inherent purpose and strengths. The key is to select a 
program design that best meets the needs of the participants 
and can be realistically implemented and sustained with the 
available resources. Interprofessional learning groups are 
preferable wherever possible because actual patient care 
is delivered in teams, and participants can thus behave as 
they would in real life (see Chap. 15). This allows learners 
to reflect on strategies that specifically allow for most effec-
tive teamwork. Such strategies may include leveraging each 
other’s professional skills, honing of team communication, 
group problem-solving, and sharing knowledge and expe-
rience of inpatient systems (e.g., algorithms, access to re-
sources and equipment, congruencies of professional policy 
and practice, etc.).

The KidSIM Pediatric Simulation Program at Alberta 
Children’s Hospital runs CPD staff simulation sessions 
that are scheduled well in advance to accommodate clini-
cal work schedules. Sessions can be variable in length but 
generally last between 1 and 3.5 h. All sessions begin with 
an orientation and pre-briefing to establish a safe learn-
ing environment. This is followed by an orientation to the 
mannequin(s), space, and equipment as required. Scenarios 
typically run 20–30 min. Scenarios are followed immedi-
ately by debriefing lasting approximately as long as the sce-
nario itself. In a typical 3.5-h interprofessional CPD session, 
three inpatient scenarios can be run and discussed. Though 
the debriefing may be led by a domain-specific leader, a 

 co-debriefing model with interprofessional facilitators can 
lead to a richer discussion that draws upon expertise across 
several domains.

Ideally, inpatient simulation objectives are based on a 
comprehensive needs assessment and may include input 
from participants, clinical and educational inpatient leaders, 
quality improvement leaders, and code team committees. 
Scenarios reflect the full spectrum of pediatric inpatients (in-
cluding both acutely ill and medically complex patients) as 
well as the continuum of patient stabilities from the more 
common urgent pre-code situations to the less frequent, life-
threatening types of deterioration (e.g., respiratory arrest, 
septic shock, anaphylaxis).

Curricular emphasis is broad and reflects the full breadth 
of inpatient medicine. It may include technical skills, prac-
tical application of clinical care guidelines and protocols, 
orientation to new medical equipment, quality improvement 
initiatives, patient safety issues, response to communication 
challenges (including delivery of bad news and disclosure 
of adverse events), and interprofessional team building. In-
tegration of several curricular goals into a single scenario 
is common. For example, a scenario based on a child with 
moderate to severe asthma can highlight important practice 
points from a clinical practice guideline. It could also lead 
to discussions around techniques to deliver optimal admin-
istration of treatment (such as a non-rebreather bag) or how 
to ensure safe administration of intravenous magnesium sul-
fate. The same scenario could include a confederate acting 
as a parent who becomes anxious and requires support and 
education from the healthcare team to cope with the stress 
and assist treatment by helping the child remain calm and 
compliant. Ultimately, inpatient scenarios are designed to 
facilitate relevant high-quality practice and learning for all 
members of the inpatient healthcare team.

Challenges of Conducting a CPD Simulation 
Program
Most CPD simulation programs find that their most signifi-
cant initial challenges are associated with achieving buy-in 
from staff members. There are several factors which may 
contribute to this including lack of time and competing pri-
orities, financial remuneration or credit for attendance (e.g., 
professional continuing medical education (CME) credits), 
fear of performance expectations (especially in interprofes-
sional settings), or lack of support from clinical administra-
tive leaders. Although it is ideal for simulation education 
to be remunerated and incorporated into daily clinical roles 
and expectations, many programs are unable to achieve this 
goal. Despite this, successful CPD simulation programs have 
managed to obtain buy-in from clinical administrators, simu-
lation leaders, and staff participants secondary to the realiza-
tion of the quality, relevance, and value of CPD simulation 
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sessions for their staff members. Competency-based assess-
ments may play a greater role in the future to formally dem-
onstrate accountability and assure quality of care in hospital 
settings.

Staff participants may understandably have a fear of 
performance expectations when asked to participate in a 
simulation session with their colleagues. Generally, this 
can be overcome by carefully creating and maintaining a 
psychologically safe learning environment. The principles 
of this (and notably as important for staff as for train-
ees) include an explicit statement of the assumption that 
all participants are competent, well intended, trying their 
best, and interested in learning and self-improvement [13]. 
It is the simulation leaders’ responsibility to ensure that 
participant integrity is respected and maintained. These 
principles require a clear introduction prior to starting a 
program, regular reinforcement during the orientation to 
every simulation session as well as skill and sensitivity in 
debriefing fellow staff members. When such a learning en-
vironment is created, learning can be safe, meaningful, and 
productive.

Subsequent challenges of established CPD simulation 
programs are typically associated with sustainability. In our 
experience, CPD staff programs require at least two simula-
tion leaders per domain in order to maintain program stabil-
ity. If a simulation leader takes a leave of absence or moves 
into other career roles, this model allows for continuity while 
a new facilitator is identified and oriented. Other challeng-
es include limited staff availability during seasonal surges 
where the need to provide clinical care supersedes staff edu-
cational sessions. Established programs may be challenged 
by sheer numbers of participants and limitations on resourc-
es (time, space, equipment, leaders). Finally, to ensure CPD 
programs remain relevant for participants, simulation lead-
ers must ensure ongoing curriculum development including 
conducting regular needs assessments, identifying relevant 
multidisciplinary objectives, creating new scenarios regu-
larly, implementing a curriculum, and conducting periodic 
program evaluations. Table 16.3 outlines some of the chal-
lenges and solutions associated with implementing a CPD 
simulation program for inpatient providers.

Future Directions

There are many novel applications of simulation that could 
enhance the delivery of inpatient care. Some applications 
may have a narrow focus to target situations associated with 
high rates of medical error or harm. Such examples include 
delivering an effective handover, rehearsing procedures 
 following child abduction, or the safe use of 4-point physi-
cal restraints. Other novel applications may take a broader 
approach. For example, extended duration simulation in-
volves a simulated patient added to the ward to mimic either 
a real patient or a typical case for that time of year. Nursing 
staff are assigned to this simulated patient and standardized 
 actors play the role of parents. It is a resource-intensive sim-
ulation program that can test systemic issues and highlight 
 error-prone times during the day. One other innovative use 
of simulation is as an adjunct for teaching acute care skills 
to families.

There are numerous priorities for inpatient simulation 
research. As much of the existing literature focuses on pe-
diatric trainees, more studies are needed to evaluate the im-
pact of simulation education on staff healthcare providers. 
Rigorous evaluation of simulation programs with a focus on 
clinically significant endpoints would help create transfer-
able knowledge for guiding future program development. 
Also, as skill decay for acute care procedures remains an on-
going challenge, studies addressing the optimum frequency 
and method for refresher simulation could lead to improved 
retention for inpatient care providers. As always, the impact 
of simulation interventions on patient outcomes and real-life 
team performance using validated scoring systems should 
remain the focus of future simulation research.

References

1. Stucky ER, Maniscalco J, Ottolini MC, editors. The pediatric hos-
pital medicine core competencies: a framework for curriculum 
development. Vol. 5. Hoboken: Wiley; 2010.

2. American Board of Pediatrics. Workforce Data 2013–2014. https://
www.abp.org/abpwebsite/stats/wrkfrc/workforcebook.pdf (2014). 
Accessed 14 Aug 2014.

Table 16.3  Points to consider when implementing a continuing professional development program
Strengths Challenges Solutions
Dedicated learning time that is protected 
from clinical duties

Participant availability, particularly if on a 
volunteer basis

Make attendance a mandatory requirement. 
Create a culture of learning. Learners build upon 
success through a mastery learning process

Scenarios are contextualized to the ward 
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tion with other simulation educators and share 
resources and scenarios

Strengthens interprofessional relation-
ships and teamwork

Program sustainability during periods of transi-
tion in leadership

Obtain funding for at least two simulation lead-
ers per domain to help achieve program stability

https://www.abp.org/abpwebsite/stats/wrkfrc/workforcebook.pdf
https://www.abp.org/abpwebsite/stats/wrkfrc/workforcebook.pdf
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Simulation Pearls 

1. In situ simulations in the pediatric emergency depart-
ment (PED) can be extremely valuable on multiple levels. 
These sessions provide the opportunity for individuals to 
practice resuscitation and stabilization of critically ill and 
injured patients. They provide context for interprofes-
sional educational sessions to improve teamwork dynam-
ics. In situ simulation is also a powerful tool for systems 
testing and identifying latent safety threats to ensure a 
safer environment for patient care.

2. Developing a data-collecting system for a pediatric emer-
gency medicine (PEM) simulation program is important 
to ensure institutional support. Examples include record-
ing procedural performance data for residents and fellows 
in training programs and recording latent safety threats 
identified during in situ simulation and proposed solu-
tions. Distributing these data to program directors and 
leaders within the institution (risk management, chief 
medical officer, etc.) encourages them to view simulation 
as a valuable asset and not an expendable expense.

3. PEM boot camps can utilize simulation and provide a 
foundation for new PEM fellows in knowledge, proce-
dural skills, and code management that can facilitate the 
transition from residency to fellowship. This is becoming 

increasingly valuable with the fact that residents are re-
porting decreasing opportunities and less experience dur-
ing the residency years of training.

Introduction

PEM  is a unique subspecialty within pediatrics with some 
very specific responsibilities placed on the providers that 
work in this fast-paced clinical arena. The PEM team is 
challenged with a wide scope of practice ranging from well-
appearing infants with concerned parents to critically ill or 
injured children with the potential for significant morbid-
ity or mortality. Most of these patients are undifferentiated, 
meaning they do not present with a diagnosis, rather they 
present with a complaint or abnormal physiologic state. The 
PEM team needs to be skilled in rapid assessment and stabi-
lization, which requires an appropriate knowledge base, ef-
fective communication, and specific procedural skills (e.g., 
airway management, cardiopulmonary resuscitation (CPR)). 
Similar to operating rooms and intensive care units, the PED 
is a clinical environment where low-frequency and high-
stakes events occur, and medical simulation has been accept-
ed as a training modality for these types of clinical environ-
ments [1, 2]. In addition, simulation-based education (SBE) 
applications have been shown to be effective for acute care, 
resuscitation, and other learning objectives including com-
munication and team performance [3–5]. For these reasons, 
PEM has embraced simulation as an educational tool and 
leveraged its use in different areas. Specifically, this chapter 
will review how simulation can be used in PEM with train-
ing programs for students, residents, fellows, attending and 
interprofessional teams. Simulation training programs offer 
hands-on opportunities for learning and practice, but may 
also contain assessment tools looking at knowledge, core 
competencies, and educational milestones. This chapter will 
also review various drivers behind using simulation in PEM, 
including, but not limited to, quality measures, improved pa-
tient outcomes, and systems testing.
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Simulation-Based Education

Curriculum Development, Design, and 
Implementation

PEM has taken on the role of training a variety of learners 
including undergraduate students; residents from pediatrics, 
emergency medicine (EM), and family medicine, among 
others; PEM fellows; as well as continuing professional de-
velopment for nurses, respiratory therapists, attending physi-
cians, and others. Some educational objectives are outlined 
by overarching medical organizations, such as the Accredita-
tion Council for Graduate Medical Education, The American 
Board of Pediatrics, and the Royal College of Physicians and 
Surgeons of Canada, among others. In an attempt to meet 
these educational needs, multiple groups have developed 
curricula and several have published information related to 
development, content, implementation, and outcomes relat-
ed to their programs and experiences.

Modular and Longitudinal Curriculum
One example of a modular curriculum designed to meet those 
needs was developed to teach PEM topics to EM residents, 

which included six educational cases and three evaluation 
cases (see Table 17.1; [6]). The curriculum was designed 
to focus on the ABCDE mnemonic to reinforce the Pediat-
ric Advanced Life Support (PALS) systematic approach to 
Airway, Breathing, Circulation, Disability, and Exposure/
Environment. The team used content maps and assessment 
domains to develop the scenarios and then scripted them 
carefully to standardize the intervention in an effort to mea-
sure the outcomes. The curriculum evaluation phase required 
the participants to return for a session to run three evaluation 
scenarios. The evaluations were scored using a critical action 
checklist and the results from this specific simulation-based 
curriculum were limited. They found a correlation with per-
formance and postgraduate year, but did not detect a direct 
improvement in scores related to the educational interven-
tion.

Another example, designed specifically for pediatric resi-
dents, involved implementation and evaluation of a PEM-
standardized simulation-based curriculum. This curriculum 
included nine modules, implemented over a 9-month period 
with weekly 30-min sessions. Following each simulation, the 
participants were debriefed and provided a summary of the 
module’s learning objectives [7]. The group used a Kern’s 

Table 17.1  Topics and scenarios for PEM-based simulation curricula
Topics Scenarios

EM residents (Adler et al.) Airway and breathing Shock: septic, cardiogenic shock/coarctation, or cardiomyopathy
Breathing Tachycardia: SVT, tricyclic antidepressant overdose
Circulation Altered mental status: DKA, beta-blocker overdose
Disability Trauma: non-accidental trauma, motor vehicle collision
Exposure/Environment

Pediatric residents 
(Stone et al.)

Resuscitation basics Asthma, anaphylaxis
Airway and breathing Seizure
Circulation Septic shock, hypovolemic shock
Teamwork SVT, VFib
Core topics Abdominal trauma, closed head injury

PEM fellows (Cheng et al.) Respiratory Asthma, aspiration pneumonia, upper airway obstruction, acute chest 
syndrome

Cardiac SVT, unstable ventricular tachycardia, VFib, pulseless electrical activity/
asystole

Shock Septic, hypovolemic, anaphylactic, cardiogenic
Blunt trauma Abdominal, head, orthopedic, thoracic
Environmental emergencies Drowning, hypothermia, electrical injury, smoke inhalation, carbon 

monoxide
Infant/neonatal Non-accidental trauma, bronchiolitis, congenital diaphragmatic hernia, 

congenital heart disease
Toxicology Sympathomimetic, anticholinergic, cholinergic, opioid toxidrome
Endocrinologic DKA, adrenal crisis, thyroid storm
Oncologic Mediastinal mass, hyperleukocytosis/stroke, tumor lysis syndrome
Nephrologic Hypertensive emergency, acute renal failure/hyperkalemia, hyponatremia
Neurologic Status epilepticus, coma/depressed level of consciousness, combative/

encephalopathy
Penetrating trauma Thoracic, neck, spinal cord, abdominal

EM emergency medicine, DKA diabetic ketoacidosis, PEM pediatric emergency medicine, SVT supraventricular tachycardia, VFib ventricular 
fibrillation
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framework for medical education and a modified Delphi pro-
cess with ten subject matter experts to refine the curriculum 
[8]. They then mapped basic resuscitation skills into specific 
simulations within each module (see Table 17.1). The overall 
performance of teams was assessed before and after inter-
vention using the simulation team assessment tool (STAT), 
which assesses basic resuscitation, airway/breathing, circula-
tion, and teamwork [9]. The results showed statistically sig-
nificant improvement in each domain, except circulation [7].

A Canadian group of PEM physicians have worked to-
wards establishing a national PEM fellowship simulation-
based acute care curriculum. The original published curricu-
lum was designed as a 2-year program, with weekly simula-
tion sessions from a library of 43 different PEM-based cases 
(Table 17.1). The curriculum was divided into Year One with 
six core modules designed for first-year fellows and Year 
Two with six subspecialty modules designed for second-year 
fellows. As fellows rotate in the PED, they attended two of 
the sessions, and a database tracked the scenarios they partic-
ipated in to prevent repetition. The curriculum also included 
advanced training for PEM fellows interested in developing 
skills as a simulation educator. This curriculum is an excel-
lent example of incorporating knowledge, clinical skills, 
technical skills, and crew resource management (CRM) skills 
and provides a good example of how to develop, revise, and 
implement a standardized curriculum for a PEM fellowship 
program [10]. A subsequent study, performed using Delphi 
methodology across Canada, was performed to identify spe-
cific content for a simulation-based national curriculum for 
all Canadian PEM training programs. From an initial list of 
306 topics, the process eventually yielded 48 Key Curricu-
lum Topics which fell into the category of can be taught only 
by simulation for PEM fellowship programs. One hundred 
thirty-five topics were eliminated, and the remaining topics 
were grouped into 85 can be taught with simulation and 87 
categorized as should be taught with simulation. This pro-
vides a very comprehensive list of content that will be used 
as a basis for the development and implementation of a na-
tional PEM fellowship simulation curriculum in Canada [11].

Boot Camps
Boot camps are another form of simulation education where 
trainees attend an intensive educational experience, often at 
the beginning of a training program, to assist in establishing 
a foundation of knowledge and skills for specific subspecial-
ties [12–14]. In general, boot camps can be an effective way 
to pool simulation resources for a region and not duplicate 
training efforts between multiple institutions. A PEM-specif-
ic boot camp entitled BASE camp was recently developed in 
the USA which provides a 2-day simulation-based learning 
opportunity for first-year PEM fellows. BASE camp incor-

porated procedural training with task trainers and cadavers in 
addition to high-fidelity mannequin-based simulation to cre-
ate a progressive learning experience, covering topics rang-
ing from teamwork, airway management, and trauma care. 
This PEM boot camp has also incorporated interprofessional 
education (IPE) by including an embedded nursing curricu-
lum. Although this PEM boot camp is designed specifically 
for beginning first-year fellows, an advanced boot camp, de-
signed for second-year and senior fellows, could provide a 
valuable experience as these learners have different educa-
tional needs.

In Situ Simulation
In situ simulation is a technique which has been shown to be 
effective in pediatric codes and trauma resuscitations in im-
proving care and patient outcomes (see Chap. 12; Fig. 17.1; 
[3, 15]). PEM can incorporate in situ simulation into simu-
lation-based curriculum to provide opportunities to practice 
managing critically ill and injured patients in the actual PED 
resuscitation bays. In particular, this allows the learners the 
unique ability to find their typical resources in the actual 
environment where actual patient care takes place. In addi-
tion, any physical or space limitations that are encountered 
in actual clinical space will need to be overcome. However, 
there are unique logistical challenges associated with in situ 
simulation related to incorporating training sessions into the 
working schedule of a busy clinical setting. Acknowledging 
these potential challenges and not allowing training sessions 
to affect patient care are important for staff buy-in and long-
term success [16].

Just-in-Time Training
Just-in-time (JIT) training is a unique educational modal-
ity where the training takes place just prior to actual patient 
care. An example of this is demonstrated and described by a 
PEM group that evaluated JIT training around the procedure 
of infant lumbar punctures (Fig. 17.2; [17]). In this model 
of training, trainees were given the opportunity to watch 
a video demonstrating proper lumbar puncture technique 
and then practice the procedure on a task trainer until they 
demonstrated mastery as determined by a lumbar puncture 
checklist (rated by their supervising physician). Although 
the study demonstrated improved confidence and lumbar 
puncture success rates, it uncovered challenges that arise 
when incorporating educational strategies into a busy work 
environment. In addition to lumbar puncture, airway man-
agement skills and CPR are examples of other procedures 
that have been taught using JIT training formats and could 
potentially be implemented in the PEM setting to allow pro-
viders the opportunity to hone their skills immediately prior 
to use on real patients [18, 19].
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Educational Content

Pediatric Trauma

Pediatric trauma patients can be some of the most critical 
patients cared for in the PED, and simulation-enhanced 
training has been shown to improve trauma care [15]. One 
group used simulation to assess pediatric trauma stabiliza-
tion across 35 different community emergency departments 
(EDs) and identified deficiencies in systems, equipment, 
and knowledge [20]. Creating a selection of pediatric trau-
ma scenarios that include blunt trauma, penetrating trauma, 
isolated head trauma, and non-accidental trauma provides 
the opportunity for teams to practice the necessary skills 

required for high-quality and efficient trauma care. These 
skills include performing the primary and secondary sur-
vey and performing a variety of trauma-related procedures 
(surgical airway, needle decompression of tension pneu-
mothorax, chest thoracostomy tube), some of which occur 
much more rarely in a PED. In Canada, the Royal College 
of Physicians and Surgeons of Canada has developed a new 
pediatric trauma course called Trauma Resuscitation in 
Kids (TRIK), which incorporates simulation and Web-based 
learning as key instructional modalities to teach the core 
knowledge, clinical skills, behavioral skills, and procedural 
skills required to effectively manage the traumatized pediat-
ric patient [21]. Delivery of courses such as TRIK provides 
an opportunity for PEM physicians, trauma surgeons, nurs-
ing staff, and other allied health professions to hone team-
work and communication skills when managing these criti-
cally injured children.

Procedural Skills Training
Incorporated into many of the curricula mentioned previ-
ously are specific procedures performed in the PED setting. 
Procedural training, on either whole-body patient manne-
quins or specifically designed task trainers, can serve two 
main purposes. It is a helpful process to allow novice learn-
ers to practice certain invasive procedures in a controlled 
learning environment, promoting patient safety and address-
ing the ethical issues related to novices practicing procedures 
on pediatric patients. Procedural training can also be used to 
allow clinicians the opportunity for training through deliber-
ate practice to maintain or hone certain skills that are not per-
formed routinely (see Chap. 11 for details). The following is 

Fig. 17.2  Lumbar puncture task training

 

Fig. 17.1  In situ simulation 
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a list of the more common procedures performed in the PEM 
setting which can be simulated:

Vascular Access Intravenous insertion, central venous line 
insertion, and intraosseous insertion (Fig. 17.3).

Airway Bag-mask ventilation, nasopharyngeal airway, 
oropharyngeal airway, direct laryngoscopy, video-assisted 
laryngoscopy, endotracheal intubation, laryngeal mask air-
way insertion, and difficult airway procedures (use of a gum 
elastic bougie, needle cricothyroidotomy with transtracheal 
jet ventilation, surgical airway; Fig. 17.4).

Resuscitation Chest compressions, cardioversion, defibril-
lation, and pacing (Fig. 17.5).

Trauma Splinting, suturing, needle decompression of ten-
sion pneumothorax, chest thoracostomy tube placement, 
pericardiocentesis, focused assessment with sonography for 
trauma (FAST) ultrasound, and disaster triage.

Diagnostic/Therapeutic Lumbar puncture, urinary catheter-
ization, and nasal packing for epistaxis.

There have been multiple studies looking at the efficacy 
of simulation for procedural training. Performing high-qual-
ity chest compressions is a procedure that is critical when 
resuscitating a pulseless patient, and studies have shown 
that providers demonstrated improved CPR skills during a 
simulated cardiac arrest following simulation training. Stud-
ies have also compared instructor-only training, automated 
feedback from the task trainer, and a combination of the two. 
The combined instructor feedback and automated feedback 
produced the greatest effect, resulting in 100 % compliance 
with compression rate and depth [22]. The same group also 
looked at low-dose, high-frequency booster training and 
found skill retention with compressions was best with the 
combination of instructor and automated feedback [23].

Fig. 17.4  Gum elastic bougie insertion task training. (Photo courtesy 
of Gaumard Scientific)

 

Fig. 17.3  CVL ultrasound-guided task training. CVL central venous 
line. (Photo courtesy of Gaumard Scientific)

 

Fig. 17.5  Chest compressions with automated feedback task training. 
(Photo courtesy of Gaumard Scientific)
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Endotracheal intubation is another lifesaving procedure 
that is not performed daily in PEDs, but a skill that PEM 
trainees must develop and PEM providers must maintain for 
the critically ill or injured patient needing emergency airway 
management. One study assessed transport nurses’ and non-
anesthesiologist physicians’ motor skills related to the pro-
cedure of intubation following a refresher training session. 
The study concluded that brief but frequent (i.e., every 3 
months) intubation refresher training sessions were effective 
in maintaining the psychomotor skills required for pediatric 
endotracheal intubation [24].

There is a wide variety of commercially available pedi-
atric procedural task trainers for all fields of patient care, 
including, but not limited to, nursing- and physician-oriented 
procedures. The driving force behind developing these prod-
ucts is often market based, sometimes with minimal input 
from the end users, which has resulted in a spectrum of real-
ism ranging from low to high. One study compared com-
mercially available procedural task trainers to homemade 
task trainers, assessing clinicians’ perception of realism. 
The study included multiple procedures including chest tube 
insertion, pericardiocentesis, and cricothyroidotomy. The 
homemade task trainers for chest tube insertion and pericar-
diocentesis were rated as more realistic than the more ex-
pensive commercially available models, but when it came 
to the surgical airway, the more expensive cricotracheotomy 
trainer received higher ratings grading realism [25].

Non-technical Skills
The final and overarching areas in PEM where simulation 
has been incorporated are communication and professional-
ism. Traditional nursing, respiratory therapy, and medical 
education had focused a majority of resources on the science 
related to areas including pathophysiology, pharmacology, 
and anatomy, but over the past several decades, studies have 
shown that effective teamwork and communication can re-
duce medical errors and improve care provided in both the 
simulated and actual ED settings [4, 26]. Simulation has em-
braced this, and a critical part of many simulations includes 
CRM to assist in developing high-functioning teams (see 
Chap. 4 for details). The concept of effective teams requires 
and encourages IPE, which is the concept of having learners 
and professionals from different backgrounds train together. 
In situ simulation is an excellent example of a type of simu-
lation where nurses, physicians, and respiratory therapists 
can participate in an IPE session and reflect on team perfor-
mance after providing care to a simulated pediatric patient 
in the ED setting. Offering this type of educational expe-
rience at the undergraduate level, for nursing, respiratory 
therapy, and medicine, can help shape students’ perceptions 
and attitudes towards IPE, teamwork, and even their general 
thoughts and feelings regarding simulation as a learning mo-
dality [27].

There are also many unique opportunities using simula-
tion to present clinical situations in the ED whereby diffi-
cult discussions occur, ranging from informing a family their 
child has died to disclosing to a family that a medical error 
has occurred. Simulation has been used to allow residents 
and PEM fellows an opportunity to practice difficult discus-
sions and review effective strategies in managing these chal-
lenging situations. Other topics with difficult discussions 
that have been described in simulation literature are non-ac-
cidental trauma, domestic violence, and breaking bad news 
around new diagnoses (see Chap. 23 for details; [28, 29]).

Pediatric Advanced Life Support (PALS)

As detailed previously in this chapter, life-threatening pedi-
atric conditions and events requiring emergency resuscita-
tion are rare. And for pediatric residents in training, the im-
plementation of work-hour restrictions, increasing supervi-
sion by attending staff and subspecialty training fellows, and 
the reduction in time devoted to emergency and critical care 
training further conspire to restrict these experiences [30]. 
With few opportunities for physicians, nurses, respiratory 
therapists, and other health team members to practice and 
reinforce advanced life support knowledge and skills, many 
providers charged with caring for critically ill children may 
have insufficient experience to sustain a high level of profi-
ciency and expertise in PALS [30–32]. Training in PALS is 
often mandatory among healthcare professionals who have 
a responsibility for the delivery of pediatric emergency or 
critical care. According to the American Heart Association 
(AHA), becoming a certified PALS provider requires the 
successful completion of a 14-h classroom, video-based, 
instructor-led course that includes a series of simulated pedi-
atric emergencies [33].

Integration of Simulation into Pediatric Advanced 
Life Support
The AHA explicitly recommends simulation as a training 
strategy to enhance performance. As a consequence, more 
PALS courses are featuring fewer instructor-driven clini-
cal case scenarios and more hands-on experiential learn-
ing. When simulation was incorporated into advanced life 
support training, it was shown to improve knowledge and 
skills performance in providers tested on simulators [34, 35]. 
There are currently no data to suggest if adding simulation 
alters the knowledge decay seen with traditional courses. To 
address this issue, a novel PALS recertification program that 
uses immersive high-fidelity in situ simulation scenarios to 
deliver intermittent modular PALS retraining has been de-
veloped [36]. In this program, experienced pediatric critical 
care nurses and respiratory therapists participated in six 30-
min in situ simulation modules consisting of 12 core PALS 
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scenarios and two 15-min automated external defibrilla-
tor (AED)/CPR demonstration sessions distributed over 6 
months [36]. Although simulation participants spent nearly 
half the total time they would have spent in a conventional 
PALS recertification class, their performance in advanced 
life support skills was superior to their counterparts who 
were not exposed to simulation.

One simulation-based educational strategy that gives 
learners more deliberate practice opportunities to improve 
their resuscitation skills is the principle of rapid cycle delib-
erate practice (RCDP) [37]. When an error is observed in a 
simulation, the scenario is interrupted so that instructors can 
provide expert directed feedback. Learners are then given 
as many opportunities as necessary to retry the skill or be-
havior until mastery is achieved. An initial phase of learning 
is followed by a period of gaining experience where fewer 
mistakes are committed and the learner is able to perform 
at a higher level [38]. Pediatric residents who participated 
in SBE where RCDP was implemented showed sustained 
improvements in multiple measures of performance for ad-
vanced life support skills [37].

Simulation is especially well suited for multidisciplinary 
teams to participate in advanced life support scenarios. The 
ability to organize and lead a multidisciplinary team during 
the resuscitation of a critically ill child requires extensive 
training and experience. Not surprisingly, while only 44 % 
of pediatric residents felt confident in their ability to lead a 
resuscitation, a remarkable 44 % also graduated without ever 
having had an opportunity to lead a team [30]. Supervision 
by fellows and attending staff limits opportunities for resi-
dents to develop and practice leadership behaviors in man-
aging code resuscitations. Simulation can be used to bridge 
this educational gap, and team performance in a resuscitation 
can be improved when teamwork principles are incorporated 
into advanced life support training [39–42].

Cardiopulmonary Resuscitation Skills
Without sufficient opportunities for practice, knowledge and 
skill decay is inevitable [30]. In as little as 6 months after 
conventional training, proficiency in critical CPR skills such 
as compression rate and depth may fall dangerously close to 
pre-training levels [43]. This was demonstrated in pediatric 
residents’ resuscitation skills 6 months after PALS recerti-
fication [30, 44]. Even when resuscitation efforts are per-
formed by highly trained healthcare professionals, achiev-
ing the AHA’s minimum targets for high-quality CPR and 
providing rapid defibrillation when appropriate are difficult 
[45–47]. All of these studies support the fact that more fre-
quent refreshers are needed [48, 49].

Even with refresher training sessions, the AHA-defined 
high-quality CPR is notoriously difficult to achieve and 
sustain [46, 47]. The AHA’s recommended targets for com-
pression depth and rate, as well as emphasis on minimizing 

interruptions are demanding. The AHA suggests that CPR 
prompt/feedback devices may be considered for training and 
for clinical use to improve the quality of CPR [39, 50]. Mul-
tiple human and simulation studies have shown how CPR 
prompt/feedback devices can help to improve awareness of 
CPR technique and promote quality improvement [51]. One 
study reported when real-time CPR feedback was combined 
with structured debriefing after a simulated arrest, the com-
bined effect on CPR performance was more effective than 
either intervention alone [52].

Debriefing
Debriefing is a critical component of SBE (see Chap. 3 for 
details). Acknowledging the value of debriefing as an en-
gine for teams or individuals to reflect on and improve their 
performance after a simulation scenario, the AHA has rec-
ommended that post-scenario debriefing be included in all 
advanced life support courses [39]. Unlike instructor-driven 
PALS courses, SBE requires facilitators who are trained in 
the skill of debriefing [32]. The AHA offers an interactive 
online Structured and Supported Debriefing course to train 
AHA instructors on how to effectively facilitate a simulation 
debriefing [53]. An online instructional debriefing module 
and debriefing tool are included with the 2011 PALS instruc-
tor materials to help instructors develop and enhance their 
debriefing skills [54].

Systems Integration, Quality Improvement, 
and Patient Safety

In addition to the curricular and team training needs within 
PEM described in this chapter, various forms of simulation 
have been used to design, test, and evaluate the pediatric 
emergency preparedness and response at the departmen-
tal, interdepartmental, and systems levels (see Chap. 6 for 
details). Traditional mannequin-based simulation has been 
used to improve or maintain staff competence in resuscita-
tion and procedural skills, and foster teamwork and team 
performance, as discussed below and elsewhere in this text-
book. In situ simulation and large-scale exercises have been 
used to evaluate regional and rural ED performance and 
identify opportunities for improvement, particularly around 
trauma. A mixture of simulation strategies has been used to 
address patient safety in the PED and to promote quality im-
provement, from identifying potential latent safety risks and 
testing new equipment or care pathways to enhancing the 
learning from morbidity and mortality reviews (see Chap. 5 
for details). Computer-based simulation and modeling have 
become important tools to aid in ED design, staffing, and op-
erations, allowing for the evaluation of the impact of opera-
tional quality improvement measures on crowding, patient 
flow, and preparation for pandemic surges.
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The use of simulation for emergency systems performance 
has been well studied in pediatric trauma. Simulation-based 
individual and team training, including both mannequin-
based and virtual reality systems, have also been used to 
improve pediatric trauma team performance and teach inter-
disciplinary pediatric trauma skills at the institutional level 
[55–58]. Simulation has also been used to evaluate larger 
systems of trauma care at the state level [20]. Thirty-five 
hospitals in North Carolina were evaluated to assess their 
ability to assess and stabilize a simulated 3-year-old mock 
trauma patient according to established PALS and Advanced 
Trauma Life Support (ATLS) guidelines, including perfor-
mance on primary and secondary survey as well as proce-
dures and general management. The study, mentioned earlier 
in this chapter, was able to identify deficiencies in trauma 
resuscitation of children in EDs throughout the state and, 
based on the findings, design and implement a simulation-
based educational intervention that subsequently improved 
the trauma system’s performance [59].

Simulation has also been used to evaluate and improve pa-
tient safety in the PED, both as a tool to identify latent safety 
threats and test high-risk care models, and as an educational 
strategy to improve safety through multidisciplinary team 
training. Mannequin-based mock codes were used in a chil-
dren’s hospital ED to implement and test a quality improve-
ment initiative to replace traditional resuscitation codebooks 
with a computerized decision support tool. While the goal of 
the study was to compare decision support tools, the results 
revealed a concerning gap in participants’ ability to recog-
nize and classify life-threatening dysrhythmias, uncovering 
an important safety threat previously unrecognized [60]. 
Formal in situ simulation programs (some unannounced) 
have been used specifically to target latent threats and areas 
for quality improvement [61]. Following the identification 
and classification of specific safety threats, simulation-based 
teamwork training focused on communication to improve 
quality of care and reduce errors. Provider knowledge and 
attitudes following the intervention, as well as a decrease in 
the rate of actual patient safety events within the ED, were 
demonstrated [62]. Other examples of simulation-based 
quality and safety improvement strategies in the ED include 
the use of in situ simulation to test and iteratively improve a 
protocol-based ED procedural sedation service [63] and the 
use of high-fidelity mannequin simulations augmented by an 
audience response system to enhance a case-based morbidity 
and mortality conference [64].

A computer-based simulation technique known as dis-
crete event simulation (DES), adapted from the field of sys-
tems engineering, has been widely used to model complex 
systems of care in the ED. DES employs an empirically 
derived probability-based statistical and logical model of 
complex systems to predict the impact of changes to specific 
input variables on the larger system performance and allows 

users to test and analyze outcomes of what-if scenarios in 
a controlled but flexible environment. Examples of the use 
of DES for ED operations and quality improvement include 
modeling of patient flow and crowding [65–68]; architectur-
al design and orientation to new ED facilities [69–71]; opti-
mal staffing and resource utilization [72–75]; ED operation-
al unit, interdepartmental, and hospital-wide systems testing 
and optimization [76–78]; and mass casualty and disaster 
preparedness through surge capacity planning [79–83].

Strategies for Building a Simulation Program in 
Pediatric Emergency Medicine

There are several ways to cultivate institutional support for 
the resources necessary to establish and develop a program 
in simulation for PEM. Advocates for simulation should con-
sider a range of strategies in building a program, including 
partnerships with simulation experts and departments out-
side of PEM. Simulation programs thrive when supported 
by a diverse constituency. Hospital nursing and physician 
leadership, patient care and quality control committees, and 
community advisory groups may be unexpected allies.

Simulation is a relatively low-cost strategy for prevent-
ing expensive and potentially catastrophic medical errors. As 
mentioned in the previous sections, in situ multidisciplinary 
simulations in the ED permit the testing and assessment of 
clinical performance, procedures, equipment, and spaces in 
the department, and could identify complex systems-based 
failures or simple mechanical malfunctions requiring en-
gineering solutions. Either has the potential for improving 
the quality of care, reducing preventable medical errors, and 
saving an institution’s money.

PEM simulation programs promote interprofessional 
training, creating a more robust staff and leading to a spirit 
of practice and interdependency, self-reflection, and self-im-
provement, which may have an indirect effect of improving 
overall morale. The learning objectives are often linked to 
quality improvement or patient safety initiatives, which cre-
ate additional value for the department. Promoting simula-
tion’s role in providing high-quality medical education activ-
ities should also be highlighted whenever possible and can 
assist in attracting residents, fellows, clinicians, and other 
healthcare professionals to the institution.

Much like any pediatric simulation program, the resourc-
es necessary for a well-rounded program in PEM may in-
clude high-, medium-, and low-fidelity simulators to meet 
the various training objectives. When considering features 
of high-fidelity pediatric simulators, portability may be just 
as important as size or age. The capacity to conduct in situ 
simulations in a busy PED requires a simulator that can be 
assembled and dismantled quickly to avoid unexpected dis-
ruptions in patient care. Consider the training program’s pri-
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orities for various clinical features such as laryngospasm or 
the capacity to permit invasive procedures such as cricothy-
roidotomy when selecting a simulator. There are certainly 
limitations to fidelity with pediatric simulators, but this is 
not unique to PEM. Creativity with moulage, props, and 
well-scripted scenarios allows simulation of a wide variety 
of clinical scenarios relevant to the PEM setting.

Low-fidelity task trainers for PEM generally address the 
need to practice skills for managing airway or circulatory 
emergencies and trauma. They range from simple airway 
simulators for direct laryngoscopy to ultrasound-compatible 
torsos for central venous access catheterization. Selecting 
a task trainer is dependent on curriculum needs (e.g., defi-
cits in emergency trauma procedural skills training), clinical 
needs (e.g., peripheral intravenous (IV) training for inexpe-
rienced nursing staff), and cost.

Simulation programs rely on technology which inevita-
bly includes the requirement for technical support. Having 
dedicated simulation technicians available allows for greater 
productivity from simulation faculty who are often busy cli-
nicians, donating time to develop and orchestrate simulation-
enhanced sessions. If technical support is not available, tech 
savvy faculty may be burdened with this responsibility and 
may look for help from interested PEM fellows, residents, 
nurses, and students to accomplish the technical tasks associ-
ated with running effective simulation programs.

One responsibility that goes along with receiving insti-
tutional support from a simulation program in PEM is re-
cording data to show meaningful outcomes. The ultimate 
outcome is to show improved patient care, but there are ad-
ditional data that can help to justify a simulation program. 
Helping graduate medical education programs (pediatric 
residency, EM residency, and PEM fellowship) with re-
quired procedural training and recording data around these 
procedures is valuable for program directors. Assisting ED 
administration with tracking attendance when orienting and 
training novice nurses in resuscitation and trauma can expe-
dite orientation and reduce staffing costs associated with this 
process. Leveraging simulation through in situ programs to 
identify latent hazards, develop solutions, test the solutions, 
and then report this information to administrative leaders and 
risk management is another meaningful outcome to justify 
the expense and effort behind a PEM simulation program. 
Finally, any data that can be gathered demonstrating utiliza-
tion, improved clinician or team performance, reduction of 
risk, and improved patient care and outcomes are critical for 
the sustainment and longevity of PEM simulation.

Conclusions

PEM has been very successful in utilizing simulation in a va-
riety of areas described in this chapter, but there are certainly 
opportunities for expansion, where simulation can be used 

in different ways in the future. Educational programs and 
learners could benefit from more standardized simulation 
curricula teaching PEM-specific milestones and procedures. 
Additional simulation-based research can assist with improv-
ing care provided to ill and injured children. As PEM simu-
lation matures, it may reach a point where it could be used 
for measuring and determining competency of critical skills 
ranging from airway management to trauma resuscitation. 
There could be a time in the future where simulation may 
even be part of the interview day for PEM fellow applicants 
or the certification process for PEM physicians. The field of 
PEM simulation has come a long way in a short period and 
promises great things in the future, but there are many areas 
of investigation where future research needs to be performed. 
These areas include, but are not limited to: investigating the 
most effective ways of leveraging simulation, both low and 
high fidelity, as an educational intervention; the dose needed 
to see the desired effect; the rate of decay of psychomotor 
skills after an intervention; and the frequency of maintenance 
training to maintain a spectrum of critical skills. There is also 
a need for more realistic pediatric patient simulators to dem-
onstrate finding such as poor perfusion or respiratory distress 
to assist in educating learners on pediatric assessment. Fi-
nally, as better pediatric mannequins and task trainers are de-
veloped, it will be important to look for correlation between 
competency seen on the pediatric simulators and competency 
with the same procedure on actual pediatric patients. All of 
these types of research will be critical to justify the signifi-
cant effort and expense invested in simulation-based training 
and education in the world of PEM and beyond.

References

 1. Allan CK, Thiagarajan RR, Beke D, Imprescia A, Kappus LJ, Gar-
den A, et al. Simulation-based training delivered directly to the 
pediatric cardiac intensive care unit engenders preparedness, com-
fort, and decreased anxiety among multidisciplinary resuscitation 
teams. J Thorac Cardiovasc Surg. 2010;140(3):646–52.

 2. Tan SB, Pena G, Altree M, Maddern GJ. Multidisciplinary team 
simulation for the operating theatre: a review of the literature. ANZ 
J Surg. 2014;84(7–8):515–22.

 3. Andreatta P, Saxton E, Thompson M, Annich G. Simulation-based 
mock codes significantly correlate with improved pediatric pa-
tient cardiopulmonary arrest survival rates. Pediatr Crit Care Med. 
2011;12(1):33–8.

 4. Morey JC, Simon R, Jay GD, Wears RL, Salisbury M, Dukes 
KA, et al. Error reduction and performance improvement in 
the emergency department through formal teamwork training: 
evaluation results of the MedTeams project. Health Serv Res. 
2002;37(6):1553–81.

 5. Shapiro MJ, Morey JC, Small SD, Langford V, Kaylor CJ, Jagmi-
nas L, et al. Simulation based teamwork training for emergency 
department staff: does it improve clinical team performance when 
added to an existing didactic teamwork curriculum? Qual Saf 
Health Care. 2004;13(6):417–21.

 6. Adler MD, Vozenilek JA, Trainor JL, Eppich WJ, Wang EE, 
Beaumont JL, et al. Development and evaluation of a simula-
tion-based pediatric emergency medicine curriculum. Acad Med. 
2009;84(7):935–41.



228 F. L. Overly et al.

 7. Stone K, Reid J, Caglar D, Christensen A, Strelitz B, Zhou L, 
et al. Increasing pediatric resident simulated resuscitation perfor-
mance: a standardized simulation-based curriculum. Resuscita-
tion. 2014;85(8):1099–105.

 8. Kern DE, Thomas PA, Hughs MT. Curriculum development for 
medical education: a six-step approach. 2nd ed. Baltimore: Johns 
Hopkins University Press; 2009.

 9. Reid J, Stone K, Brown J, Caglar D, Kobayashi A, Lewis-Newby 
M, et al. The simulation team assessment tool (STAT): develop-
ment, reliability and validation. Resuscitation. 2012;83(7):879–86.

10. Cheng A, Goldman RD, Aish MA, Kissoon N. A simulation-based 
acute care curriculum for pediatric emergency medicine fellowship 
training programs. Pediatr Emerg Care. 2010;26(7):475–80.

11. Bank I, Cheng A, McLeod P, Bhanji F. Determining content for 
a simulation-based curriculum in pediatric emergency medicine: 
results from a national Delphi process. CJEM. 2015;17(6):662–9. 
doi: 10.1017/cem.2015.11.

12. Nishisaki A, Hales R, Biagas K, Cheifetz I, Corriveau C, Garber 
N, et al. A multi-institutional high-fidelity simulation “boot camp” 
orientation and training program for first year pediatric critical 
care fellows. Pediatr Crit Care Med. 2009;10(2):157–62.

13. Wayne DB, Cohen ER, Singer BD, Moazed F, Barsuk JH, Lyons 
EA, et al. Progress toward improving medical school graduates’ 
skills via a “boot camp” curriculum. Simul Healthc. 2014;9(1):33–9.

14. Fernandez GL, Page DW, Coe NP, Lee PC, Patterson LA, Skyliz-
ard L, et al. Boot cAMP: educational outcomes after 4 successive 
years of preparatory simulation-based training at onset of intern-
ship. J Surg Educ. 2012;69(2):242–8.

15. Steinemann S, Berg B, Skinner A, DiTulio A, Anzelon K, Terada K, 
et al. In situ, multidisciplinary, simulation-based teamwork training 
improves early trauma care. J Surg Educ. 2011;68(6):472–7.

16. Patterson MD, Blike GT, Nadkarni VM. Advances in patient safety 
in situ simulation: challenges and results. In: Henriksen K, Battles 
JB, Keyes MA, Grady ML, editors. Advances in patient safety: 
new directions and alternative approaches (Vol 3: performance and 
tools). Rockville: Agency for Healthcare Research and Quality 
(US); 2008.

17. Kamdar G, Kessler DO, Tilt L, Srivastava G, Khanna K, Chang 
TP, et al. Qualitative evaluation of just-in-time simulation-based 
learning: the learners’ perspective. Simul Healthc. 2013;8(1):43–8.

18. Nishisaki A, Donoghue AJ, Colborn S, Watson C, Meyer A, Brown 
CA 3rd, et al. Effect of just-in-time simulation training on tracheal 
intubation procedure safety in the pediatric intensive care unit. An-
esthesiology. 2010;113(1):214–23.

19. Niles D, Sutton RM, Donoghue A, Kalsi MS, Roberts K, Boyle 
L, et al. “Rolling Refreshers”: a novel approach to maintain CPR 
psychomotor skill competence. Resuscitation. 2009;80(8):909–12.

20. Hunt EA, Hohenhaus SM, Luo X, Frush KS. Simulation of pe-
diatric trauma stabilization in 35 North Carolina emergency de-
partments: identification of targets for performance improvement. 
Pediatrics. 2006;117(3):641–8.

21. TRIK Course. http://www.royalcollege.ca/portal/page/portal/rc/
resources/ppi/trik_course.

22. Sutton RM, Niles D, Meaney PA, Aplenc R, French B, Abella BS, 
et al. “Booster” training: evaluation of instructor-led bedside car-
diopulmonary resuscitation skill training and automated corrective 
feedback to improve cardiopulmonary resuscitation compliance of 
pediatric basic life support providers during simulated cardiac ar-
rest. Pediatr Crit Care Med. 2011;12(3):e116–21.

23. Sutton RM, Niles D, Meaney PA, Aplenc R, French B, Abella 
BS, et al. Low-dose, high-frequency CPR training improves 
skill retention of in-hospital pediatric providers. Pediatrics. 
2011;128(1):e145–51.

24. Nishisaki A, Scrattish L, Boulet J, Kalsi M, Maltese M, Castner T, 
et al. Advances in patient safety effect of recent refresher training 
on in situ simulated pediatric tracheal intubation psychomotor skill 
performance. In: Henriksen K, Battles JB, Keyes MA, Grady ML, 

editors. Advances in patient safety: new directions and alternative 
approaches (Vol 3: performance and tools). Rockville: Agency for 
Healthcare Research and Quality (US); 2008.

25. Shefrin A, Khazei A, Cheng A. HYPERLINK “http://www.ncbi.
nlm.nih.gov/pubmed/26451232”Realism of procedural task train-
ers in a pediatric emergency medicine procedures course. Can Med 
Educ J. 2015;6(1):e68–73.

26. Sigalet E, Donnon T, Cheng A, Cooke S, Robinson T, Bissett W, 
et al. Development of a team performance scale to assess under-
graduate health professionals. Acad Med. 2013;88(7):989–96.

27. Sigalet E, Donnon T, Grant V. Undergraduate students’ perceptions 
of and attitudes toward a simulation-based interprofessional cur-
riculum: the KidSIM ATTITUDES questionnaire. Simul Healthc. 
2012;7(6):353–8.

28. Overly FL, Sudikoff SN, Duffy S, Anderson A, Kobayashi L. 
Three scenarios to teach difficult discussions in pediatric emer-
gency medicine: sudden infant death, child abuse with domestic 
violence, and medication error. Simul Healthc. 2009;4(2):114–30.

29. Tobler K, Grant E, Marczinski C. Evaluation of the impact of a 
simulation-enhanced breaking bad news workshop in pediatrics. 
Simul Healthc. 2014;9(4):213–9.

30. Nadel FM, Lavelle JM, Fein JA, Giardino AP, Decker JM, Durbin 
DR. Assessing pediatric senior residents’ training in resuscitation: 
fund of knowledge, technical skills, and perception of confidence. 
Pediatr Emerg Care. 2000;16(2):73–6.

31. Hamilton R. Nurses’ knowledge and skill retention following car-
diopulmonary resuscitation training: a review of the literature. J 
Adv Nurs. 2005;51(3):288–97.

32. Schoenfeld PS, Baker MD. Management of cardiopulmonary and 
trauma resuscitation in the pediatric emergency department. Pedi-
atrics. 1993;91(4):726–9.

33. Association AH. Pediatric advanced life support. [Internet] 2014.
34. Donoghue AJ, Durbin DR, Nadel FM, Stryjewski GR, Kost SI, 

Nadkarni VM. Effect of high-fidelity simulation on Pediatric Ad-
vanced Life Support training in pediatric house staff: a randomized 
trial. Pediatr Emerg Care. 2009;25(3):139–44.

35. Wayne DB, Butter J, Siddall VJ, Fudala MJ, Linquist LA, Fein-
glass J, et al. Simulation-based training of internal medicine resi-
dents in advanced cardiac life support protocols: a randomized 
trial. Teach Learn Med. 2005;17(3):210–6.

36. Kurosawa H, Ikeyama T, Achuff P, Perkel M, Watson C, Mona-
chino A, et al. A randomized, controlled trial of in situ pediatric 
advanced life support recertification (“pediatric advanced life sup-
port reconstructed”) compared with standard pediatric advanced 
life support recertification for ICU frontline providers*. Crit Care 
Med. 2014;42(3):610–8.

37. Hunt EA, Duval-Arnould JM, Nelson-McMillan KL, Bradshaw 
JH, Diener-West M, Perretta JS, et al. Pediatric resident resuscita-
tion skills improve after “rapid cycle deliberate practice” training. 
Resuscitation. 2014;85(7):945–51.

38. Ericsson KA. Deliberate practice and the acquisition and main-
tenance of expert performance in medicine and related domains. 
Acad Med. 2004;79(Suppl 10):70–81.

39. Bhanji F, Mancini ME, Sinz E, Rodgers DL, McNeil MA, Hoad-
ley TA, et al. Part 16: education, implementation, and teams: 
2010 American Heart Association guidelines for cardiopulmonary 
resuscitation and emergency cardiovascular care. Circulation. 
2010;122(18 Suppl 3):920–33.

40. Cooper S. Developing leaders for advanced life support: evalua-
tion of a training programme. Resuscitation. 2001;49(1):33–8.

41. Gilfoyle E, Gottesman R, Razack S. Development of a leadership 
skills workshop in paediatric advanced resuscitation. Med Teach. 
2007;29(9):276–83.

42. DeVita MA, Schaefer J, Lutz J, Wang H, Dongilli T. Improving 
medical emergency team (MET) performance using a novel cur-
riculum and a computerized human patient simulator. Qual Saf 
Health Care. 2005;14(5):326–31.

http://www.royalcollege.ca/portal/page/portal/rc/resources/ppi/trik_course
http://www.royalcollege.ca/portal/page/portal/rc/resources/ppi/trik_course


22917 Simulation for Pediatric Emergency Medicine and Trauma

43. Wik L, Myklebust H, Auestad BH, Steen PA. Retention of basic 
life support skills 6 months after training with an automated voice 
advisory manikin system without instructor involvement. Resusci-
tation. 2002;52(3):273–9.

44. Grant EC, Marczinski CA, Menon K. Using pediatric advanced 
life support in pediatric residency training: does the curriculum 
need resuscitation? Pediatr Crit Care Med. 2007;8(5):433–9.

45. Hunt EA, Vera K, Diener-West M, Haggerty JA, Nelson KL, 
Shaffner DH, et al. Delays and errors in cardiopulmonary resus-
citation and defibrillation by pediatric residents during simulated 
cardiopulmonary arrests. Resuscitation. 2009;80(7):819–25.

46. Abella BS, Alvarado JP, Myklebust H, Edelson DP, Barry A, 
O’Hearn N, et al. Quality of cardiopulmonary resuscitation during 
in-hospital cardiac arrest. JAMA. 2005;293(3):305–10.

47. Sutton RM, Wolfe H, Nishisaki A, Leffelman J, Niles D, Meaney 
PA, et al. Pushing harder, pushing faster, minimizing interruptions 
… but falling short of 2010 cardiopulmonary resuscitation targets 
during in-hospital pediatric and adolescent resuscitation. Resusci-
tation. 2013;84(12):1680–4.

48. Makker R, Gray-Siracusa K, Evers M. Evaluation of advanced car-
diac life support in a community teaching hospital by use of actual 
cardiac arrests. Heart Lung. 1995;24(2):116–20.

49. Kaye W. Research on ACLS training—which methods improve 
skill & knowledge retention? Respir Care. 1995;40(5):538–46. 
(discussion 46–9).

50. Mancini ME, Soar J, Bhanji F, Billi JE, Dennett J, Finn J, et al. 
Part 12: education, implementation, and teams: 2010 International 
Consensus on Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care Science With Treatment Recommendations. 
Circulation. 2010;122(16 Suppl 2):S539–81.

51. Yeung J, Meeks R, Edelson D, Gao F, Soar J, Perkins GD. The use 
of CPR feedback/prompt devices during training and CPR perfor-
mance: a systematic review. Resuscitation. 2009;80(7):743–51.

52. Dine CJ, Gersh RE, Leary M, Riegel BJ, Bellini LM, Abella BS. 
Improving cardiopulmonary resuscitation quality and resuscitation 
training by combining audiovisual feedback and debriefing. Crit 
Care Med. 2008;36(10):2817–22.

53. Chamberlain DA, Hazinski MF. Education in resuscitation: an IL-
COR symposium: Utstein Abbey: stavanger, Norway: june 22–24, 
2001. Circulation. 2003;108(20):2575–94.

54. Cheng A, Rodgers DL, van der Jagt E, Eppich W, O’Donnell J. 
Evolution of the pediatric advanced life support course: enhanced 
learning with a new debriefing tool and Web-based module for pe-
diatric advanced life support instructors. Pediatr Crit Care Med. 
2012;13(5):589–95.

55. Youngblood P, Harter PM, Srivastava S, Moffett S, Heinrichs WL, 
Dev P. Design, development, and evaluation of an online virtual 
emergency department for training trauma teams. Simul Healthc. 
2008;3(3):146–53.

56. Mikrogianakis A, Osmond MH, Nuth JE, Shephard A, Gaboury 
I, Jabbour M. Evaluation of a multidisciplinary pediatric mock 
trauma code educational initiative: a pilot study. J Trauma. 
2008;64(3):761–7.

57. Falcone RA Jr, Daugherty M, Schweer L, Patterson M, Brown RL, 
Garcia VF. Multidisciplinary pediatric trauma team training using 
high-fidelity trauma simulation. J Pediatr Surg. 2008;43(6):1065–
71.

58. Cherry RA, Ali J. Current concepts in simulation-based trauma 
education. J Trauma. 2008;65(5):1186–93.

59. Hunt EA, Heine M, Hohenhaus SM, Luo X, Frush KS. Simulated 
pediatric trauma team management: assessment of an educational 
intervention. Pediatr Emerg Care. 2007;23(11):796–804.

60. Spanos SL, Patterson M. An unexpected diagnosis: simulation re-
veals unanticipated deficiencies in resident physician dysrhythmia 
knowledge. Simul Healthc. 2010;5(1):21–3.

61. O’Leary F, McGarvey K, Christoff A, Major J, Lockie F, Chayen 
G, et al. Identifying incidents of suboptimal care during paediatric 

emergencies-an observational study utilising in situ and simulation 
centre scenarios. Resuscitation. 2014;85(3):431–6.

62. Patterson MD, Geis GL, LeMaster T, Wears RL. Impact of multi-
disciplinary simulation-based training on patient safety in a paedi-
atric emergency department. BMJ Qual Saf. 2013;22(5):383–93.

63. Kobayashi L, Dunbar-Viveiros JA, Devine J, Jones MS, Overly 
FL, Gosbee JW, et al. Pilot-phase findings from high-fidelity In 
Situ medical simulation investigation of emergency department 
procedural sedation. Simul Healthc. 2012;7(2):81–94.

64. Vozenilek J, Wang E, Kharasch M, Anderson B, Kalaria A. Sim-
ulation-based morbidity and mortality conference: new technolo-
gies augmenting traditional case-based presentations. Acad Emerg 
Med. 2006;13(1):48–53.

65. Wiler JL, Griffey RT, Olsen T. Review of modeling approaches for 
emergency department patient flow and crowding research. Acad 
Emerg Med. 2011;18(12):1371–9.

66. Eitel DR, Rudkin SE, Malvehy MA, Killeen JP, Pines JM. Improv-
ing service quality by understanding emergency department flow: 
a White Paper and position statement prepared for the American 
Academy of Emergency Medicine. J Emerg Med. 2010;38(1):70–9.

67. Hoot NR, LeBlanc LJ, Jones I, Levin SR, Zhou C, Gadd CS, et al. 
Forecasting emergency department crowding: a discrete event 
simulation. Ann Emerg Med. 2008;52(2):116–25.

68. Hung GR, Whitehouse SR, O’Neill C, Gray AP, Kissoon N. 
Computer modeling of patient flow in a pediatric emergency de-
partment using discrete event simulation. Pediatr Emerg Care. 
2007;23(1):5–10.

69. Kobayashi L, Shapiro MJ, Sucov A, Woolard R, Boss RM 3rd, 
Dunbar J, et al. Portable advanced medical simulation for new 
emergency department testing and orientation. Acad Emerg Med. 
2006;13(6):691–5.

70. Wiinamaki A, Dronzek R. Using simulation in the architectural 
concept phase of an emergency department design. Proceedings 
of the 2003 Winter, Simulation Conference 2003; 2003. Vol. 2, 
pp. 1912.

71. Geis GL, Pio B, Pendergrass TL, Moyer MR, Patterson MD. Simu-
lation to assess the safety of new healthcare teams and new facili-
ties. Simul Healthc. 2011;6(3):125–33.

72. Chin L, Fleisher G. Planning model of resource utilization in an 
academic pediatric emergency department. Pediatr Emerg Care. 
1998;14(1):4–9.

73. Draeger MA. An emergency department simulation model used 
to evaluate alternative nurse staffing and patient population sce-
narios. Proceedings of the 24th conference on Winter simulation; 
1992. pp. 1057–64.

74. Evans GW, Tesham BG, Unger E. A simulation model for evalu-
ating personnel schedules in a hospital emergency department. 
Proceedings of the 28th conference on Winter Simulation IEEE 
Computer Society; 1996.

75. Centeno MA, et al. Emergency departments II: a simulation-ilp 
based tool for scheduling ER staff. Proceedings of the 35th confer-
ence on Winter simulation: driving innovation Winter Simulation 
Conference; 2003.

76. Hung GR, Kissoon N. Impact of an observation unit and an emer-
gency department-admitted patient transfer mandate in decreas-
ing overcrowding in a pediatric emergency department: a discrete 
event simulation exercise. Pediatr Emerg Care. 2009;25(3):160–3.

77. Blasak RE, Starks DW, Armel WS, Hayduk MC. The use of simu-
lation to evaluate hospital operations between the emergency de-
partment and a medical telemetry unit. Proceedings of the 2003 
Winter Simulation Conference 2003; 2003. p. 1887.

78. Ahmed MA, Alkamis TM. Simulation optimization for an emer-
gency department healthcare unit in Kuwait. Eur J Oper Res. 
2009;198:936.

79. Kobayashi L, Shapiro MJ, Gutman DC, Jay G. Multiple encounter 
simulation for high-acuity multipatient environment training. Acad 
Emerg Med. 2007;14(12):1141–8.



230 F. L. Overly et al.

80. Kanter RK, Moran JR. Pediatric hospital and intensive care unit 
capacity in regional disasters: expanding capacity by altering stan-
dards of care. Pediatrics. 2007;119(1):94–100.

81. Kaji AH, Bair A, Okuda Y, Kobayashi L, Khare R, Vozenilek J. 
Defining systems expertise: effective simulation at the organi-
zational level–implications for patient safety, disaster surge ca-
pacity, and facilitating the systems interface. Acad Emerg Med. 
2008;15(11):1098–103.

82. Patrick J, Puterman ML. Reducing wait times through operations 
research: optimizing the use of surge capacity. Healthc Policy 
(Politiques de sante). 2008;3(3):75–88.

83. McCarthy ML, Aronsky D, Kelen GD. The measurement of daily 
surge and its relevance to disaster preparedness. Acad Emerg Med. 
2006;13(11):1138–41.



231

18Simulation for Neonatal Care

Lindsay Callahan Johnston, Douglas Campbell and Deepak 
Manhas

© Springer International Publishing Switzerland 2016
V. J. Grant, A. Cheng (eds.), Comprehensive Healthcare Simulation: Pediatrics, 
Comprehensive Healthcare Simulation, DOI 10.1007/978-3-319-24187-6_18

L. C. Johnston ()
Department of Pediatrics, Yale School of Medicine,  
New Haven, CT, USA
e-mail: Lindsay.johnston@yale.edu

D. Campbell
Department of Pediatrics, University of Toronto, Toronto, ON, Canada
e-mail: campbelld@smh.ca

D. Manhas
Department of Pediatrics, Department of Neonatal Intensive Care, 
University of British Columbia, British Columbia Children’s & 
Women’s Hospital, Vancouver, BC, Canada
e-mail: dmanhas@cw.bc.ca

Simulation Pearls

1. Simulation is an invaluable tool for the neonatal clinician. 
Individual skill development and teamwork training are 
crucial elements in which simulation can be used in order 
to develop competence, improve on patient outcomes, 
and promote quality and safety as guiding principles.

2. Simulation can be used in preparation for complex clini-
cal or interprofessional situations, such as an extracorpo-
real membrane oxygenation (ECMO) cannulation or de-
livery of an infant with a rare congenital anomaly, as well 
as to identify latent safety threats.

3. Established neonatal resuscitation and stabilization pro-
grams such as Neonatal Resuscitation Program (NRP), 
the Sugar & Safe care, Temperature, Airway, Blood pres-
sure, Lab work and Emotional support (S.T.A.B.L.E.) 
program, and Acute Care of at Risk Newborns (ACoRN) 
provide frameworks and algorithms that can easily be in-
corporated into effective critical event simulations.

4. The use of simulation is a key quality improvement tool 
in improving neonatal intensive care unit (NICU) design, 
latent hazard identification, and improvement of patient 
safety.

Introduction

Practitioners in neonatology have been at the forefront of 
healthcare simulation training since its inception. Obstetrical, 
neonatal, and anesthesia colleagues were amongst the first to 
utilize high-fidelity simulation to replicate the delivery room 
environment to study and optimize human performance [1]. 
Subsequently, in the 1990s, neonatal high-fidelity and high-
technology simulation programs adopted facilitated debriefing 
for training individual neonatal clinicians and interprofession-
al teams [2]. Given the unpredictable need for neonatal resus-
citation [3] and the high-stakes environment of the NICU, it is 
critical to ensure that all team members are provided with op-
portunities to learn and refine medical decision-making, pro-
cedural skills, and teamwork prior to caring for patients at risk.

Perhaps even more important, by taking part in interpro-
fessional, multidisciplinary simulations, all members of the 
neonatal care team are able to optimize their skills in com-
municating clearly and utilizing effective team strategies to 
optimize and improve performance. A root cause analysis 
(RCA) of over 100 sentinel perinatal and neonatal events 
in 2004 was reported by the Joint Commission of Health-
care Organizations. Of 93 reported neonatal deaths and 16 
survivors with severe morbidities, communication failure 
amongst team members played a role in 72 % of cases, while 
40 % involved orientation and training issues. All of these 
negative outcomes were felt to be potentially preventable, 
and recommendations included practice drills with interpro-
fessional team members [4].

Participation in simulation is beneficial for both novices 
and established care teams and providers. Compared with 
learners in previous eras, even senior trainees now have 
more limited exposure to real-life delivery room resuscita-
tions and codes [5, 6]. Opportunities for procedures may be 
decreased, and rates of success are often suboptimal [5, 7, 
8]. Adhering to best practices in adult education [9], cur-
rent medical, nursing, and allied health professional students 
more frequently participate in simulation as a standard part 
of their training. Simulation may offer one solution to allow 
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these novice clinicians to establish competency in medical 
decision-making and effective team behaviors and commu-
nication, and may become more integral in assessing pro-
vider’s competency for the purposes of certification [10].

In addition to education, the potential role for simulation 
in the NICU continues to expand through applications such 
as workflow analysis, facilities planning, device implemen-
tation, and quality improvement processes. Video recording 
of actual neonatal resuscitations has been used to improve 
educational programming and team training [11]. Simulation 
has been integral to improving NICU design and as a hazard 
detection tool when building and moving into newly con-
structed units [12]. As quality improvement and patient safe-
ty continue to be a priority for our healthcare institutions, 
simulation is a method by which we strive to discover gaps 
in provider knowledge and skills or the clinical environment, 
improve skills of all levels of practitioners, and test new edu-
cational modalities and devices.

Simulation Education

Scenario Design Considerations for Neonatology

When designing a simulation, several questions must be 
considered. Who are the targeted learners? What are the ob-
jectives of the session? What degree of mannequin realism, 
or fidelity, is required? How important is standardization in 
scenario design? (See Chap. 2 for details.)

Participants
Most healthcare professionals have received training amongst 
peers within their profession, so-called uniprofessional train-
ing. Deliberate practice using simulation has been associated 

with improvements in neonatal resuscitation performance 
amongst uniprofessional teams [13]. However, interprofes-
sional teams care for patients in the clinical environment. 
Neonatal team-training utilizing simulation has been shown 
to improve behavioral skills including leadership, commu-
nication, and collaboration [14]. The learning objectives 
used to design the simulation-based educational experience 
should be tailored to the level and composition of the learner 
group in order to best optimize learning outcomes.

Fidelity
Immersion of the learner within a realistic simulated en-
vironment enhances adult engagement and learning [9]. A 
large variety of simulation options exist for use in the educa-
tion of trainees and staff (Table 18.1) [15]. Low-fidelity sim-
ulators offer many advantages since they are less expensive 
and can be enhanced by the surrounding environment to cre-
ate high psychological and environmental fidelity [16]. Re-
search comparing neonatal resuscitation education has failed 
to show a consistent educational advantage in performance 
when using high- versus low-fidelity mannequins [17, 18]. 
This may be due to the fact that the mannequin represents 
only one portion of the simulated learning environment.

Moulage can be used to assist in the replication of a re-
alistic environment. There are commercially available mou-
lage applications designed specifically for neonatal man-
nequins, including cystic hygroma, cleft lip, forceps scalp 
markings, myelomeningocele, omphalocele, gastroschesis, 
polycystic kidneys, and congenital hip dislocations. Other 
moulage items, such as artificial blood and meconium, can 
be purchased. Online recipes for these substances are also 
available, and serve as simple, economical alternatives (e.g., 
mixing water and red food coloring for blood; using split 
pea soup or green baby food for meconium). Integrating 

Table 18.1  Advantages and disadvantages of different types of simulation equipment

Type of simulator/trainer Advantages Disadvantages Examples for use
Partial task trainer Less expensive Dedicated to defined procedures Airway management

Portable Intravenous access
Animal/human tissues Realistic anatomy Difficult to obtain Chest tube insertion

Compliance of tissues Potential for infection transmission Umbilical line insertion
Low-fidelity patient 
mannequin

Portable Does not replicate physiologic 
changes

Resuscitation training

No need for power source, 
technical support

Prompts required from instructors 
to change status

Umbilical line insertion

Chest compressions
Chest-tube insertion

High-fidelity patient 
mannequin

Able to simulate real-time 
clinical changes

Need for technical support Resuscitation training for advanced 
learners/teams

Most expensive Cardioversion/defibrillation training
Programming helpful
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 moulage with the most appropriate type of mannequin for 
the learners’ needs should remain a focus for all educators 
in neonatal resuscitation. These strategies may assist learn-
ers in suspending their disbelief, contributing to an optimal 
environment from which learners can improve skills.

The equipment necessary to complete simulation-based 
procedural training in neonatology varies significantly. 
Table 18.2 lists several currently available types of neona-
tal high-fidelity simulators, their included features, and op-
tions for procedural skills training [15]. The type of simu-
lator selected for simulation training should be matched to 
the educational needs and learning objectives. Obstetrical 
simulators also have a role to play in the training of neonatal 
healthcare teams and their environments but are outside the 
scope of this review.

Standardization
Standardization of a simulated experience is critical to en-
suring maximal value as an educational experience and in-
cludes a uniform approach to simulation design, formatting 
and structure of scenarios, and debriefing and reflection [9]. 
Standardization of the simulated educational experience al-
lows educators to ensure that learners are receiving the same 
type of session, regardless of when it is delivered or who it 
is taught by.

Instructional Design Considerations for 
Neonatology

In Situ Versus Simulation Lab Training
Training in a simulation lab allows for relatively easy ac-
cess to equipment and standardized audio-visual (AV) setup. 
Learners and instructors can be scheduled for a dedicated 
session that will be free of distraction. Advantages include 
maintaining privacy for participants, facilitating obtaining 
consent or providing evaluations, and delivering standard-
ized curricula to multiple learners. However, given limited 
hours of operation and physical distance from the work en-
vironment, this option may not be feasible for all learners.

In situ simulation allows teams to practice in their actual 
clinical environment, and may be used to identify gaps in the 
team’s knowledge or skills as well as to detect latent hazards 
attributable to the environment or institutional policies and 
procedures (see Chap. 12) [19]. Numerous advantages for 
learners and instructors using in situ simulation have been 
described and include optimal environmental fidelity, quick 
access to appropriate learners (often minimizing costs), iden-
tification of gaps in training, and detection of problems/haz-
ards in the environment which could interfere with patient 
care [19]. The use of in situ simulation for neonatal resus-
citation has recently been associated with improved techni-
cal ability and teamwork in simulated resuscitations [20]. 

 Disadvantages for in situ simulation include restricted avail-
ability of simulator and AV equipment, availability of space 
in the clinical area, and labor to set up and remove the equip-
ment. One should also be mindful of increasing anxiety and 
privacy concerns of both learners and nearby patients and 
their families.

Boot Camp
Trainees entering neonatal fellowship are less skilled than 
their attending physician counterparts and, as such, there ex-
ists an urgency to begin procedural training at the very be-
ginning of fellowship. Regional neonatal boot camps have 
become common, providing an opportunity for several pro-
grams to collaborate and share resources and educational ex-
pertise. Robust educational programs can be developed, with 
a focus on potentially life-saving procedural skills. During 
these sessions, a larger number of trainees can be instructed 
on various procedures in a standardized manner over a 1- to 
2-day program. Procedural skills are practiced and trainees 
receive individualized, real-time, formative feedback on their 
technique. Trainees then continue to develop their skills at 
their home institution [15]. Boot camps are quickly becoming 
the norm for ensuring a basic common set of skills for new 
trainees, but effects on competence in the clinical domain for 
neonatal-specific skills and behaviors remain unclear.

Procedural Skills Training

In the NICU, a patient’s stability may depend upon the suc-
cessful completion of an invasive procedure, including (but 
not limited to) endotracheal intubation, umbilical line inser-
tion, thoracentesis, chest tube placement, paracentesis, and 
exchange transfusion. The baseline level of difficulty of 
these procedures may be increased exponentially by the he-
modynamic instability of the patient, technical challenges of 
working with a tiny, fragile preterm infant, and the pressure 
to complete the procedure in a timely manner.

Unfortunately, recent graduates of pediatric postgradu-
ate training programs have demonstrated poor proficiency 
in neonatal procedural skills [21–23]. For example, a recent 
multicenter study evaluating success rates in neonatal intu-
bation at five level III academic NICUs found that only 44 % 
of all attempts were successful and the likelihood of success 
depended mostly on level of training. Pediatric interns had 
the lowest success rates at 19 %, and no significant improve-
ment was noted for senior residents [21]. These success rates 
are lower than those reported prior to the implementation of 
the Accreditation Council for Graduate Medical Education 
(ACGME) duty hour restrictions [7, 22, 23], highlighting 
the need to identify effective and efficient methods to train 
learners in proper procedural technique to preserve future 
patient safety.
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Given growing concern about learning and practicing pro-
cedures on patients, alternate techniques have been utilized. 
Some educators use animals or human tissue, such as the use 
of ferrets or cats for intubation training, or using fresh um-
bilical cords to practice umbilical line insertion. Others have 
recommended requesting parental permission for trainees to 
practice procedures on deceased infants [24]. The logistics 
and ethics of these techniques create barriers to achieving 
procedural competency. Simulation has been utilized increas-
ingly in procedural training instead and is now frequently 
included in neonatology educational programs.  Figure 18.1 
shows a skills station for umbilical line placement and emer-
gency medicine administration at an NRP course.

Assessment of Procedural Skills
One challenge in developing a procedural training session 
is identifying the ideal or best way to perform a particular 
skill. In the absence of a clearly defined standard, experi-
enced providers often perform procedures slightly different-
ly, and these inconsistencies may confuse trainees. One po-
tential solution is to attempt to develop a consensus on best 
practices for each relevant procedure [25]. The development 
and validation of procedural skills checklists has been more 
extensively reported outside of pediatrics [26, 27]. There 
are validated procedural checklists for a limited number of 
procedures in neonatology [28, 29], but these do not cover 
the full scope of practice (see Chap. 7 for details on assess-
ment). An effort is currently underway through the Interna-
tional Network for Simulation-Based Pediatric Innovation, 
Research, and Education (INSPIRE) to develop procedural 
checklists for common procedures in pediatrics, including 

Fig. 18.1  Umbilical venous 
catheter (UVC) and med line 
skills station. (Courtesy of Dr. 
Deepak Manhas)

 

several procedures utilized in neonatology, such as intuba-
tion, chest tube placement, and umbilical line placement.

Considerations for Implementation
Simulation plays an important role throughout the learning 
process for procedural skills. This is especially true in the 
NICU, where patients may not tolerate the multiple, or pro-
longed, procedural attempts necessary to establish proper 
psychomotor technique. When learning a new procedure, 
a trainee should learn the cognitive information about the 
procedure prior to hands-on practice using a simulator/task 
trainer. In order to preserve patient safety, prior to perform-
ing procedural attempts on patients (under direct supervi-
sion), it is essential to ensure that the learner has had the 
opportunity for deliberate practice [9, 30] on a simulator and 
has been deemed competent in their simulated performance. 
Once a trainee has then been successful in clinical proce-
dural performance, they should participate in regular main-
tenance training sessions on a simulator to prevent decay 
in their skills. A group of pediatric and neonatal educators 
have developed an evidence-based framework for procedur-
al skills training utilizing simulation for initial learning and 
maintenance of skills [31].

Interprofessional Team Training

Patients in a NICU are cared for by both multidisciplinary 
and interprofessional teams. Traditionally, each group has 
been trained in silos, independent of the other groups, and 
learners do not typically receive specific instruction on 
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how to work as a member of a team. Optimal communica-
tion amongst providers is not innate; it is a skill that must 
be learned and practiced. Effective communication and team 
behaviors are absolutely essential during the perinatal period 
and in the NICU as they have been correlated with the qual-
ity of neonatal resuscitation [32] and have been implicated in 
RCAs in approximately three quarters of perinatal morbidi-
ties and mortalities [33].

After the issue of medical errors was brought to public 
attention in the 1999 publication To Err is Human [34], 
adoption of human factors training was recommended to 
improve the performance of healthcare teams. Programs 
such as MedTeams and TeamSTEPPSTM were developed to 
apply principles of crew resource management (CRM) from 
the military and aviation industries to health care [35–39]. 
There are many studies and publications that support the 
use of team training in the perinatal and neonatal environ-
ments [40–43]. In the obstetrical environment, team training 
has resulted in the improvement of the Adverse Outcomes 
Index, [40] decrease in time to emergency cesarean delivery 
for cord prolapse [41], and decreased incidence of low Apgar 
scores (< 6) and hypoxic-ischemic encephalopathy [41]. A 
reduction in adverse outcomes in preterm infants was also 
noted with use of team training [43] (see Chap. 4 for details 
on team training).

Team Training for Neonatology
Team training has been shown to improve teamwork be-
haviors amongst neonatal teams in simulated resuscitations 
[44–46]. Fifty-one interns who were enrolled in an NRP 
course participated in a 2.5-h course on teamwork and er-
rors, including lecture, role play, video clips and discussion. 
Following this session, the trainees proceeded through the 
standard NRP course. Trainees were randomized to practice 
the team behaviors during the skills stations (as prompted 
by their instructors) in the intervention group, while control 
group subjects did not have opportunities to rehearse these 
skills. During the mock resuscitations at the end of the class, 
learners served as team leader for a simulated resuscitation on 
a low-fidelity mannequin. Intervention group trainees were 
noted to have more frequently demonstrated team behaviors 
(scored as the number of observed episodes per minute), in-
cluding information sharing and assertion, than the control 
subjects. Vigilance and workload management were noted in 
100 and 88 % of the intervention group, respectively, while 
the control group was only noted to have 53 and 20 %. Inter-
vention subjects demonstrated any team behavior an average 
of 3.34 times per minute, compared to control subjects at 
1.03 times per minute. A significant limitation of this study 
was that only physicians were included, so interprofessional 
interactions were unable to be assessed [45].

As technology improved, high-fidelity mannequins were 
found to be very effective in replicating trainee responses 
from the actual delivery room. In a subsequent investigation, 

98 pediatrics interns who were participating in NRP courses 
were randomized to utilize high-fidelity simulators (inter-
vention HF group), low-fidelity simulators (intervention LF 
group), and a control group. The resulting simulations were 
recorded and were rated by blinded, trained observers to eval-
uate for effective teamwork behaviors and resuscitation qual-
ity. Compared to the control group, the intervention groups 
were noted to have a higher frequency of teamwork behav-
iors (12.8 vs 9.0 behaviors per minute), improved workload 
management, and decreased duration of resuscitations. Ad-
ditionally, these skills were maintained for a longer duration 
of time, as the intervention groups continued to have more 
frequently noted teamwork behaviors upon 6-month repeat 
evaluation (intervention 11.8 vs control 10.0 events per min-
ute) [46]. Since simulation with both low-fidelity and high-
fidelity mannequins was shown to improve decision-making 
and technical skills over time, [46], it follows that training in 
these behaviors should translate into improved performance 
during actual resuscitations, although specific evidence sup-
porting this for neonatal resuscitation teams is lacking.

The most recent version of the NRP’s training course 
was revised to promote interprofessional training and now 
includes mandatory simulation with debriefing. This allows 
learners to integrate cognitive and technical abilities from 
the self-study and skills stations with effective communica-
tion and behavioral skills, which are vitally important in the 
effective delivery of resuscitation. Some of the key behav-
ioral skills that have been identified include familiarity with 
the environment/equipment, anticipation of and planning for 
potential complications, effective leadership and commu-
nication skills, delegation of workload, utilization of infor-
mation and resources, and calling for assistance in a timely 
manner [3]. Figure 18.2 shows an interprofessional team par-
ticipating in simulation training.

There are many types of providers who may benefit from 
interprofessional team training including obstetrical provid-
ers, pediatricians, anesthesiologists, nursing staff, respira-

Fig. 18.2  Interprofessional team in a simulation. (Courtesy of Dr. 
Deepak Manhas)
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tory therapists, patient care technicians, administrative sup-
port personnel, and blood bank personnel as well as their 
respective trainees [47]. The implementation of an interpro-
fessional team training program for NICU providers at one 
institution was adapted from TeamSTEPPS™ and included 
two simulations to allow an opportunity to practice various 
communication and teamwork skills presented in the course. 
Some logistical challenges were noted, including high unit 
census, preventing some sessions from being held in situ, 
and scheduling sessions during providers’ work shifts, re-
sulting in occasional conflicts with patient care. Overall, pro-
viders did find the session to be useful and applicable to their 
practice. Additionally, some items raised by participants as 
points for improvement had been subsequently implement-
ed. This framework could be utilized to conduct large-scale 
team training in other units [48]. Education of providers and 
teams has been shown to improve confidence and simulated 
performance [49]. Demonstration of efficacy in preventing 
morbidity and mortality is more challenging. One example 
of success in this area was the introduction of a PROMPT 
birthing trainer simulator program in the UK, which resulted 
in a significant reduction in birth injuries from shoulder dys-
tocia (Table 18.3) [50].

Extracorporeal Membrane Oxygenation and 
Other Content

In addition to neonatal providers, other professionals are 
frequently involved in the care of critically ill neonates. 
Infants requiring extracorporeal membrane oxygenation 
(ECMO) are amongst the most complicated in a NICU set-
ting and require care by specific specialists who manage 
the ECMO pump solely, along with other members of the 

medical team who are responsible for the care of the patient. 
Simulation provides an excellent format to review and so-
lidify the proper approach to routine ECMO management as 
well as ECMO emergencies, which require timely, correct 
interventions to prevent significant morbidities or mortality. 
More importantly, cannulations or codes on ECMO require 
high-level team behaviors and communication between the 
event leader, the team managing the patient, and the team 
managing the pump. Simulations can provide opportuni-
ties for teams to interact and optimize their communication. 
Figure 18.3 shows an interprofessional team participating in 
an ECMO simulation session.

Through participation in ECMO simulation, all providers 
have the opportunity to take part in a standardized experi-
ence and review their performance to ensure that vital con-
cepts are understood [51, 52]. ECMO simulation has been 
used for introductory training of ECMO providers as well 
as for ongoing maintenance of ECMO skills for interprofes-
sional ECMO teams [53, 54] Participants in ECMO training 
programs incorporating simulation were found to spend a 
significantly greater time spent in active learning compared 
to traditional training programs (78 % vs 14 %) [51]. These 
providers were also noted to more frequently perform key 

Table 18.3  Neonatal morbidity associated with shoulder dystocia. 
(Adapted from [50])

Incidence (%)
Pre-training 
( n = 324)

Post-training 
( n = 262)

Relative risk 
(95% CI)

Birth-related neonatal 
injury

30 (9.3) 6 (2.3) 0.25 
(0.11–0.57)

Birth-related brachial 
plexus injury

24 (7.4) 6 (2.3) 0.31 
(0.13–0.72)

Brachial plexus injury 
remaining at 6 months

9 (2.8) 2 (0.8) 0.28 
(0.07–1.13)

Brachial plexus injury 
remaining at 12 
months

6 (1.9) 2 (0.8) 0.41 
(0.1–1.77)

Fractured clavicle or 
humerus

6 (1.9) 2 (0.8) 0.41 
(0.1–1.77)

Apgar score < 7 at 
5 min

12 (3.7) 6 (2.3) 0.61 
(0.24–1.57)

CI confidence interval

Fig. 18.3  ECMO simulation. (Courtesy of SYN:APSE Simulation 
Center)



238 L. C. Johnston et al.

technical skills to resolve ECMO emergencies (i.e., com-
ing off ECMO for emergency, increasing ventilator support 
when off ECMO), and response times to these actions were 
improved (average time difference was 27 s). Upon blinded 
evaluation of video recordings by masked reviewers, behav-
ioral skills improved after simulation-based training [52]. 
In a study of simulated ECMO cannulations, cardiothoracic 
surgery trainees were found to have a significant decrease in 
median time to cannulation and improvement in a validated 
global rating scale and a Composite ECMO Cannulation 
Score (CECS) after participating in a simulation-based can-
nulation curriculum [55].

Simulation also provides a format for practice of many 
other complex and rare interprofessional scenarios, examples 
of which include ex utero intrapartum therapy (EXIT) pro-
cedures, delivery of infants with congenital anomalies (e.g., 
conjoined twins, critical congenital heart disease, airway 
malformations), neonatal transports, or extramural deliver-
ies. In each of these situations, teams can rehearse prior to 
the actual event, and in so doing, review the ideal sequence 

of events, identify additional staff members to be present, 
troubleshoot new equipment, and identify potential latent 
safety threats. Reviewing these complex interactions could 
potentially have very positive effects towards optimizing the 
care provided and preserving patient safety.

Simulation in Established Neonatal Training 
Organizations

Several neonatal educational programs have incorporated 
simulation into their curricula including Neonatal Resus-
citation Program (NRP), Acute Care of at-Risk Newborns 
(ACoRN), Sugar & Safe care, Temperature, Airway, Blood 
pressure, Lab work and Emotional support (S.T.A.B.L.E.), 
and Helping Babies Breathe (HBB). While these education 
programs have designed scenarios of their own, new scenar-
ios can easily be developed to represent a variety of clinical 
situations. Figure 18.4 provides a template for constructing 
neonatal simulation scenarios.

Fig. 18.4  Design scenario (see text). BMI body mass index, CGA corrected gestational age. (Created by the authors with the assistance of Nikki 
Wiggins))

Scenario A. Initial State (vitals):

B. Expected Actions (Progression):

C. Likely Progression (Decompensation):

D. Expected Actions (Progression)

E. Expected Endpoint (Outcome):

F. Potential Distractors:

Comments:

Learners

Confederate Roles
Mannequin
Equipment
Learning Objectives: Debriefing Notes:

1.
2.
3.

1.
2.
3.

1.
2.
3.

Age
Medical/Surgical history

Infant History

Labs
Medication/Other

Gestation CGA Weight Apgars
Birth History

Hospital Course

Medications
Others

BMI Pregnancy

Scenario Description:
Maternal History

Cognitive:

Behavioral:

Technical:

Scenario Setup
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Neonatal Resuscitation Program

The American Academy of Pediatrics (AAP) and the Ameri-
can Heart Association first developed a NRP in 1985 [56]. 
However, the cognitive and technical skills learned in these 
courses have been shown to decay as early as 6 months fol-
lowing the course [57]. There have been five revised editions 
of NRP since the original course to ensure that evidence-
based practice is distributed to learners in a timely fashion. 
Recommendations from the International Liaison Commit-
tee on Resuscitation (ILCOR) in 2010 emphasize the use of 
simulation as a key educational modality in teaching learners 
at all levels of ability [58, 59]. In the most recent edition, 
cognitive and technical skills are learned and integrated dur-
ing the self-study, procedural skills stations, and integrated 
skills station [3]. The use of simulation and debriefing is 
now mandated in all NRP courses so that non-technical skills 
and teamwork are also emphasized as key learning points 
[3]. Existing NRP instructors have perceived that including 
simulation and debriefing in NRP instruction is extremely 
worthwhile [60]. Whether this new instructional framework 
will change the ability of learners to perform NRP better has 
yet to be determined. Figure 18.5 shows learners participat-
ing in a simulated neonatal resuscitation on a high-fidelity 
mannequin.

S.T.A.B.L.E

The S.T.A.B.L.E. program (Sugar & Safe care, Tempera-
ture, Airway, Blood pressure, Lab work and Emotional 
support) is based upon the six assessment and care modu-
les in the program. It was designed to assist practitioners 
in post-resuscitation and pre-transport care of critically ill 
newborns. The S.T.A.B.L.E simulations are validated sce-
narios that are constructed in a graduated approach. There 
are four separate neonatal scenarios, each with three sepa-
rate encounters that gradually progress in difficulty level. 
These scenarios work as a bridge between NRP and Pedia-
tric Advanced Life Support (PALS) by incorporating initial 
stabilization with other complications such as hypovole-
mic shock, arrhythmias, and seizures. Each scenario also 
stresses interprofessional participation and incorporates the 
use of medical staff providers (physician, nurse practitio-
ner, or physician assistant), nurses, respiratory therapists, 
and backup team members [61]. One small study showed 
an improvement in neonatal admission body tempera-
ture, improvement in blood glucose levels, and morta lity 
during hospitalization following the introduction of the 
S.T.A.B.L.E. program [62].

Fig. 18.5  Simulated neonatal 
resuscitation on a high-fidelity 
mannequin. (Courtesy of Dr. 
Douglas Campbell)
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Acute Care of at-Risk Newborns

The Acute Care of the at-Risk Newborn, or ACoRN pro-
gram, was established in 1995 to provide a systematic ap-
proach to recognizing and managing babies that require 
stabilization, including those requiring assistance with 
transition from in utero life as well as those who become 
unwell shortly after birth. The focus is a risk prioritization 
that integrates assessment, monitoring, diagnostic evalua-
tion, intervention, and ongoing management for this patient 
population. Through multiple high- and low-fidelity sim-
ulations, participants work through the eight steps of the 
ACoRN process: (1) identifying babies at risk; (2) identify-
ing need for resuscitation; (3) primary survey (respiratory, 
cardiovascular, neurology, surgical conditions, fluid and 
glucose management, and thermoregulation); (4) infection; 
(5) generation of a problem list; (6) ACoRN sequences for 
the identified problems; (7) consider transport to a regional 
center for higher level of care; and (8) support for the baby, 
family, and healthcare team [63]. Following the ACoRN 
workshops, participants have demonstrated improved con-
fidence and knowledge relating to neonatal stabilization 
[64].

Helping Babies Breathe

Every year, an estimated 814,000 neonatal deaths are attrib-
uted to intrapartum hypoxic events in term infants [65]. In 
low-income countries, especially those in South Asia and 
sub-Saharan Africa, they are responsible for two thirds of 
the world’s neonatal deaths and are out of proportion to 
the world population [66]. The goal of the Helping Babies 
Breathe (HBB) program is to reduce neonatal mortality due 
to birth asphyxia in United Nations Millennium Develop-
ment Goals countries. HBB is an initiative developed by a 
consortium of partners including the AAP, with input from 
the World Health Organization (WHO) to improve neona-
tal resuscitation in resource-limited environments. HBB 
requires minimal equipment: an Action Plan algorithm, a 
facilitator flipchart, a low-cost low-fidelity simulator, a self-
inflating bag and mask, a suction bulb, a stethoscope, and a 
learner workbook. With visual aids, the Action Plan demon-
strates a simplified NRP algorithm including warming, dry-
ing, clearing the airway, stimulating, ventilating, requesting 
assistance, and monitoring the baby. The participants review 
the Action Plan, practice the steps on the mannequin, per-
form an observed structured clinical assessment, and receive 
feedback on their performance. Since its initiation, HBB has 
been shown to decrease the number of deaths at 24 h for 
infants not breathing at birth in Tanzania, while there was 
no change in the rates of stillbirths [67]. However, research 

done in India showed a decrease in the number of stillbirths 
but no change in neonatal deaths [68].

Quality Improvement, Systems Integration, 
and Patient Safety

Simulation has been recognized by national safety bodies as 
a training option to allow multidisciplinary and interprofes-
sional teams to practice in an interactive environment while 
facing lifelike clinical scenarios. It can be used to develop 
and hone teamwork and communication skills across disci-
plines, especially for complex scenarios [69]. As with any 
educational modality, for simulation to be most effective in 
improving patient safety, a needs assessment or gap analysis 
is important so that specific skills or learning points can be 
targeted (see Chap. 5 for details). Various domains of patient 
safety specific to neonatology have recently been reviewed, 
with specific knowledge gaps clearly identified, through 
which simulation has been identified as playing a key role 
moving forward [70]. Errors in administration of human 
milk or diagnostic tests being performed on the wrong infant 
due to incorrect patient identification are common clinical 
occurrences, but they are rarely studied in a proactive way 
[70]. Collaboration with obstetrical colleagues within one 
or more institutions is starting to occur, whereby simulated 
scenarios serve as a training tool designed in an effort to im-
prove system issues. More work is clearly needed on this 
type of scale before system changes can occur [71].

Video Recording and Video Review

Neonatology has been one of the first disciplines to use ac-
tual video-recorded neonatal resuscitations in order to im-
prove NRP and neonatal curriculum development [33, 72–
75]. In over 50 % of recordings from actual resuscitations, 
there are clear deviations from the current NRP guidelines 
and recurrent errors in skills and communication strategies 
used [72–75]. Although video analysis has identified gaps 
in both technical and non-technical skills and helped inform 
local curriculum development, [75] its systemic use has yet 
to demonstrate change in culture or improvement in patient 
outcome.

NICU Design and Workplace Improvement

Proactive use of simulation to improve the workplace and 
prevent the occurrence of adverse events is clearly appealing 
for healthcare providers and administrators alike. The use of 
simulation to detect latent hazards or environmental threats 
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is increasingly being reported and can be utilized in both new 
and existing NICU space [76]. Prior to building new facili-
ties, healthcare organizations have simulated the drafted pro-
posals in order to identify problems and resolve them before 
the facilities are actually constructed. In one study, 93 % of 
the latent safety hazards that were identified were resolved 
at the time of transition to the new unit [76]. Optimizing the 
resuscitation bed and using the most appropriate cognitive 
aids are also excellent situations in which simulation tech-
nology can be used, rather than implementing interventions 
and hoping that the desired clinical effect occurs [77].

Future Directions

Workflow Analysis

Simulation has recently gained wide acceptance in the field 
of neonatology, but new uses for this modality continue to 
be identified. Several centers have been running simulations 
for workflow analysis, for example, in the rollout of a new 
electronic health record. This has supported LEAN thinking, 
an approach which encourages improvements in efficiency, 
reduction of medical errors, and minimization of healthcare 
costs through the elimination of waste [17, 78, 79].

New Technologies

New technology and available devices are rapidly evolving. 
Several newborn and premature mannequins are currently 
available on the market. High-fidelity mannequins have 
appreciable heart and lung sounds, spontaneous chest rise, 
palpable pulses as well as spontaneous vocalizations and 
movements. There are models that have realistic airways al-
lowing for intubation and ventilation, and umbilical cords 
that permit venous and arterial catheterization. Some models 
allow for intravenous (IV), intraosseous (IO), and peripheral 
arterial access with palpable pulses and blood return. These 
models allow trainees to practice technical skills on anatomi-
cally correct models, and features such as blood return allow 
the trainee to monitor success of the skill.

Looking Ahead

Augmentation of the educational experience with immediate 
visual and/or feedback is a key indicator of fidelity. Integra-
tion of mannequins with virtual reality (VR) training ( hybrid 
simulation) has been demonstrated to improve trainees’ 
competency in adult surgical procedures [80]. VR training 
in neonatology is in its infancy. Current VR models used to 

enhance neonatal intubation skill training, although promis-
ing, are not of sufficient appeal that they would replace low-
fidelity mannequin intubation heads [81].

Optimal practices for the care of the sick neonate, as in 
other fields of intensive care medicine, change frequently. 
Simulation is now clearly a valuable educational and re-
search tool in this field, but many challenges lie ahead. It 
can be time and resource-intensive, so curricula which seek 
to incorporate the use of simulation should have solid evi-
dence in support of it. Reducing latent hazards and improv-
ing team function with in situ simulation seems logical, but 
evidence supporting this in the clinical environment is lack-
ing. The use of video recording and team training are helpful 
tools in identifying learning gaps, but more work is needed 
to demonstrate improvement in patient outcome and actual 
team performance prior to widespread adoption in healthcare 
settings.

Conclusions

Simulation has become a vital part of training for neona-
tal care providers. Simulation has been included as a major 
component of training in a number of standardized neona-
tal educational programs, including the NRP, S.T.A.B.L.E, 
ACoRN, and HBB. Through these efforts, learners across 
the globe will be ensured training experiences that include 
opportunities for hands-on practice of procedural skills and 
incorporation of key behavioral skills, along with learning 
the requisite medical knowledge and resuscitation algo-
rithms.

The use of simulation also enhances the quality and safety 
of the care provided to the smallest patients. These include 
areas such as quality assurance/quality improvement (QA/
QI), where a complicated case with a negative outcome 
could be animated. Conversely, the use of simulation can be 
proactive for unusual complicated cases that have yet to hap-
pen. In designing a new NICU or understanding the risks to 
patient and team with a challenging transport, simulation can 
be used to identify latent safety threats and hazards. Once 
identified, these environmental risks and knowledge gaps 
can be addressed. Similarly, through the use of simulation 
in workflow analysis, facilities planning, and device imple-
mentation, patient care can be continuously improved and 
optimized.

Through these efforts, the likelihood that the smallest, 
most critically ill patients may survive and thrive will hope-
fully continue to improve. Although much progress has been 
made, a determination of which simulation methods are 
most effective for improving clinical performance remains 
elusive, and this should remain the focus of future research 
efforts.
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Simulation Pearls 

1. Simulation-based training is well suited to the education 
of pediatric intensive care unit (PICU) healthcare provid-
ers. Advances in simulation technology allow educators 
to develop scenarios across the range of complex tech-
nologies used in the PICU.

2. Increasing use of in situ simulation can maximize envi-
ronmental fidelity and realism both in the PICU and in the 
transport environment.

3. More research is required to examine the use of novel 
simulation modalities and debriefing strategies (such as 
extended duration simulations and rapid cycle deliberate 
practice) in the PICU.

Introduction

The pediatric intensive care unit (PICU) is one of the most 
complex environments in pediatric medicine. The patients 
have life-threatening illnesses, the equipment and technology 
are advanced, and the interface between these elements can 

present unique challenges. A recent study reported that 93 % 
of in-hospital pediatric cardiac arrests occur in the intensive 
care unit (ICU) setting [1]. Critically ill pediatric patients 
require rapid diagnosis, complicated management plans, and 
emergent interventions or procedures. Their physiology can 
be complex and rapidly changing, requiring practitioners to 
have excellent assessment and intervention skills.

It is critical that healthcare providers working in this en-
vironment are well trained to handle these challenges. Al-
though the stakes in pediatric critical care medicine are high, 
pediatric resuscitation events remain rare, making on-the-job 
training difficult. In recent studies of pediatric residents, a 
number of large knowledge and performance gaps have been 
identified in the domains of basic life support, defibrillation, 
and airway management [2–5]. This trend may worsen as 
trainees’ time working with patients in the PICU decreases. 
Numerous programs across the world are reducing the on-
call hours of pediatric trainees, a time when many learning 
opportunities in the PICU occur.

Simulation is an ideal educational modality for the PICU. 
A high-realism simulation can immerse a team of PICU 
practitioners into a scenario of a critically ill child, requir-
ing accurate physical assessment, diagnosis, and treatment. 
In a simulation scenario, the team can perform a rapid as-
sessment, order vasoactive medications, perform procedures 
(for example, insertion of a central venous catheter or endo-
tracheal intubation), and evaluate the changing physiology 
based on the simulator’s response to their decisions and ac-
tions. This real-time feedback allows for critical analysis of 
recent management decisions, and continuous evaluation of 
the simulated patient and modification of the treatment plan.

To improve availability of simulation in critical care, in 
situ training is becoming more prevalent [6]. The care of an 
ICU patient involves considerable technology, specialized 
equipment, and complex resources including medications and 
specially trained personnel. Familiarity with and the ability 
to function in this environment is vital to caring for the ICU 
patient. In situ simulation allows for caregivers to remain in 
the ICU setting, with the opportunity to utilize  actual ICU 
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equipment, supplies, and personnel in the same environment 
where they provide patient care. This also frees up the simu-
lation program/center from having to purchase and maintain 
additional pieces of expensive clinical equipment to fill this 
need. In situ simulation can similarly be used to evaluate 
hospital systems, such as assessing for preparedness or la-
tent safety threats. For example, an in situ simulation could 
show that the response time for bringing a defibrillator to the 
bedside is too lengthy. Changes to resuscitation cart deploy-
ment may improve response times prior to an adverse event 
in a real patient. These latent safety threats can be evaluated 
using unannounced simulated resuscitations ( mock codes) in 
different areas of the healthcare environment.

Multiple healthcare practitioners from different diverse 
specialties and disciplines are required in the care of a PICU 
patient. With such a large group of people, effective team-
work and communication is essential. Despite its impor-
tance, this can be a challenge in the PICU when both stress 
levels and stakes are high. These are skills where simulation 
training can be very useful. Using simulation-based train-
ing, team roles and responsibilities in acute crises can be 
demonstrated and taught, while the highly important tasks of 
clear, specific communication can also be emphasized (see 
Chap. 4).

Critical Care Curriculum Development and 
Implementation

Code and Code Team Training

Cardiopulmonary arrests are rare, especially in pediatrics. 
With the introduction of rapid response teams, rates of pe-
diatric arrests have decreased further [7]. Cardiopulmonary 
arrests are complicated high-stakes time-sensitive events 
where the efficient execution of cardiopulmonary resuscita-
tion (CPR), teamwork, and crisis management skills is re-
quired to provide optimal care and optimize morbidity and 
mortality. Most hospitals have ad hoc interprofessional and 
multidisciplinary arrest teams that change daily based on call 
schedules and staffing assignments. These complicating fac-
tors make providing ideal care difficult. American Heart As-
sociation (AHA) standardized Pediatric Advanced Life Sup-
port (PALS) and Neonatal Resuscitation Program (NRP) al-
gorithms attempt to simplify these complex crisis situations. 
It is clear, however, that retention of these skills is poor, and 
although certification is required every 2 years, knowledge 
and performance decline rapidly as early as 6 months follow-
ing successful course completion [5, 8].

Simulation, especially involving repeated deliberate prac-
tice, can improve individual performance during a resuscita-
tion. A retrospective case-control study showed that internal 

medicine residents who participated in simulation-based Ad-
vanced Cardiac Life Support (ACLS) training demonstrat-
ed significantly better adherence to ACLS protocols when 
compared to traditionally trained residents [9]. Specifically, 
in pediatrics, a “Rapid Cycle Deliberate Practice (RCDP)” 
model was used to teach junior pediatric residents basic re-
suscitation skills [10]. They found that use of this technique 
significantly improved trainees’ time to initiation of chest 
compressions, no-flow fraction, and time to defibrillation. 
Unlike traditional simulation sessions where each simula-
tion session continues uninterrupted and is followed by a de-
briefing, RCDP focuses on maximizing learner’s time spent 
deliberately practicing specific skills which help to create 
overlearning and automatization. If a critical error is made, 
the scenario is paused and immediate feedback is provided. 
This method may be best suited when the process to care 
for a disease is highly standardized, with a specific protocol 
to be followed in a time-sensitive fashion. Similar models 
are being explored to teach other concepts such as NRP and 
CPR. Simulation can also be used to familiarize resuscita-
tion teams with specific challenges of real-life resuscitations, 
such as parental presence [11].

Although technical skills are important in managing a re-
suscitation successfully, effective teamwork is equally, if not 
more, important. Interprofessional critical care unit teams 
have been shown to improve their teamwork through sim-
ulation-based learning [12]. Teams of physicians and nurses 
demonstrated significant improvements in overall teamwork 
as well as leadership and team coordination and verbalizing 
situational information. In a pediatric study, residents who 
participated in a short case-based teamwork training exercise 
demonstrated better teamwork behaviors and time to criti-
cally important maneuvers [13]. In a larger randomized trial, 
participation in a simulated cardiac arrest scenario followed 
by a scripted debriefing improved both knowledge and team-
work skills [14]. More research is required to determine the 
most effective way to teach these skills to cardiopulmonary 
arrest teams.

The use of unannounced resuscitation simulations ( mock 
codes) can be an effective way of teaching pediatric resus-
citation. They can be used to identify performance gaps or 
latent system errors that should be addressed [15]. In a recent 
study, surprise simulated resuscitations were implemented in 
a major children’s hospital [14]. Over the period of the study, 
the authors found that patient survival from in-hospital car-
diac arrest increased from 33 % to approximately 50 % over 
1 year (Fig. 19.1). This increase in survival correlated with 
the number of mock codes performed. The surprise nature of 
these drills allows assessment of all aspects of resuscitation 
including recognition, the mechanics of activating the resus-
citation team, and any other latent safety threats that could 
further compromise the process (e.g., elevator  availability). 



24719 Simulation for Pediatric Critical Care Medicine and Transport

Debriefing post-event is a key step in simulation-based train-
ing (see Chap. 3). This concept is being adapted to actual 
patient resuscitations, and the practice of conducting regular 
post-resuscitation debriefings has also been shown to im-
prove CPR quality and patient outcome [16].

Boot Camps for Critical Care Trainees

As pediatric critical care becomes more complex and duty 
hour regulations become increasingly restrictive, many 
training programs are relying on initial supplementary train-
ing for the incoming pediatric critical care trainee. Often, 
these are in the form of an intensive boot camp, which uses 
simulation to augment learning.

In 2009, a descriptive study of the first multi-institutional 
boot camp for first-year pediatric critical care fellows con-
ducted in the summer of 2006 was published. This study 
involved 22 fellows from nine institutions with instructors 
from seven different institutions. This intensive course was 
organized over 2.5 days for a total of 15.5 h of training, the 
majority of which was simulation-based pediatric critical 
care scenarios and complemented by smaller amounts of 
time participating in task training and didactic sessions (See 
Table 19.1). Topics included: airway management, vascu-
lar access, CPR, shock, sepsis, trauma, and traumatic brain 
injury. A model of train to success utilizing repeated prac-
tice until excellent performance is achieved was used. This 
training method has been shown to be an important aspect of 
effective use of simulation [17]. Fellows found this course 
to be highly effective in improving their self-assessed clini-
cal effectiveness and self-confidence both immediately fol-
lowing training as well as after the first 6 months of their 

fellowship. This course, as well as similar courses in other 
disciplines, has continued and is growing in trainee numbers 
yearly [Akira Nishisaki, written communication, September 
2014].

Critical Care Nursing Orientation

New nurses can be overwhelmed as they move from school 
into clinical practice. This transition can be even more daunt-
ing for critical care nurses who have to be familiar with dif-
ferent technologies, complex physiology, and rapid-chang-
ing patients. Simulation has been used during nursing ori-
entation in critical care environments including the neonatal 
intensive care unit as well as the cardiac surgery intensive 
care unit but little exists in the literature on pediatric criti-
cal care orientation [18, 19]. These courses focused on high-
acuity situations as well as equipment assembly under time 
pressure. In these studies, learners reported improved confi-
dence and critical thinking skills. They also liked being able 
to “pause action” to gain clarification on difficult moments 
during a scenario.

Just-in-Time Training

Just-in-time training (JITT) involves providing training for 
a critical scenario or procedure in close temporal and phys-
ical proximity to when and where it will be performed in 
the clinical environment. It builds on adult learning theory 
suggesting that adults are most motivated to learn when im-
mediate application occurs. This technique has been used in 
a number of different clinical contexts including CPR and 
intubation [20, 21]. In the PICU, JITT on tracheal intuba-
tion has been shown to increase resident participation during 
actual patient’s intubation in the PICU but, unfortunately, 
was not associated with an improvement of success or a 
decrease in tracheal intubation-associated events [21]. It is 
unclear if this is related to the small sample size or subopti-
mal competence of trainees following the training. It has also 
been used in providing CPR education at the bedside. JITT 
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 Table 19.1  Agenda for pediatric critical care medicine boot camp. 
(Akira Nishisaki, personal communication)

Day 1—Afternoon Airway management scenarios

Day 2—Morning Central venous catheter training (didactic 
and skills training)

Day 2—Afternoon PALS update
PALS scenarios

Day 3—Morning Approach to shock (didactic and 
simulation-based training)
Trauma

PALS Pediatric Advanced Life Support



248 J. P. Duff et al.

was shown to improve compliance with chest compression 
guidelines in pediatric healthcare providers in the PICU [20, 
22] (Fig. 19.2). JITT has also been used to train PICU nurses 
on appropriate central line dressing changes. Post-JITT, the 
nurses required significantly less corrective prompts. Most 
importantly, there was a significant decrease in the rate of 
central line-associated blood stream infections [23].

Skill Acquisition

Airway Management

Pediatric airway management represents a skill that all acute 
care practitioners must acquire and maintain, given the sig-
nificant contribution of respiratory failure leading to cardiac 
arrest in children. As such, appropriate and timely airway 
management can avert circulatory collapse. Delayed or dif-
ficult airway management can lead to significant morbidity 
and mortality. Although it is an important skill, there is a 
wide range in the experience of providers who may be re-
quired to manage a pediatric airway. In pediatric residents, 
during simulated airway management scenarios, a number 
of critical performance gaps were noted [24]. Thus, airway 
management represents a high-stakes and high-risk skill that 
for some providers is an infrequent occurrence, yet a skill 
that is required of them.

As mentioned, simulation has been used for JITT for in-
tubation in the PICU [21]. Learners that had participated in 
a simulation-based training program demonstrated improved 
performance in actual intubations in the PICU [25]. A recent 
systematic review and meta-analysis has also described the 
current landscape of simulation training for airway manage-
ment. The type of training described in the meta-analysis 

included direct endotracheal intubation, fiber-optic intu-
bation, supraglottic airway insertion, blind intubation, and 
surgical airway management. This meta-analysis concluded 
that simulation training for airway management is associated 
with improved outcomes in terms of participant knowledge 
and skills performed in a simulated environment. Effects on 
actual patient outcomes were mixed, but when simulation 
training was compared to other teaching modalities, simula-
tion was found to be superior [26].

Central Venous Catheter Placement

Central venous catheter placement is often necessary in criti-
cally ill children to ensure adequate and stable intravenous 
access for medications, fluids, nutrition, monitoring as well 
as advanced therapies including plasmapheresis and dialysis. 
Thus, central venous line placement represents a life-saving, 
but complex, bedside procedure that is routinely performed 
by intensive care physicians, anesthesiologists, emergency 
department physicians, and surgeons in various stages of 
their training.

The complexity and nuances of this procedure, a grow-
ing culture of patient safety, and the unpredictability of op-
portunities for trainees to gain experience have all led to 
substantial interest in using simulation training for central 
line placement. Many of the described training efforts have 
focused not only on the technical aspects of the actual pro-
cedure but also on strict sterile techniques in attempts to de-
crease infections. Bedsides, ultrasound is often used to assist 
with central line placement, and this additional technical as-
pect has also been featured in simulation training.

There is a growing body of literature describing the ben-
efits on actual patients both in terms of performance with 
the actual procedure as well as subsequent decreased central 
line infections associated with simulation-based training. A 
recent meta-analysis concluded that residents who received 
simulation training for central venous line placement had 
greater success rates and required fewer attempts on actual 
patients [27]. Care bundles including simulation-based train-
ing have been associated with a reduction in central line-
related infections in several studies [28, 29]. In pediatrics, 
a simulation-based intervention in ultrasound-guided central 
venous catheter insertion was effective in improving initial 
performance [30]. However, more work is required to de-
termine the effect of these types of interventions on actual 
patient outcomes.

Bronchoscopy

Bronchoscopy is a complex bedside procedure that is rou-
tinely used for evaluation and therapy of congenital and 
acquired airway anomalies of both the upper and lower 

Fig. 19.2  A rolling refresher cart for just-in-time training of cardiopul-
monary resuscitation in the pediatric intensive care unit. (From Niles 
2009 (with permission))
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 airways, diagnosis and management of airway and pulmo-
nary infections, transbronchial biopsies post-lung trans-
plantation, and foreign body removal. Providers performing 
bronchoscopy include pulmonologists, intensive care physi-
cians, and surgeons in various stages of training. A recent 
meta-analysis concluded that simulation-based training was 
associated with improved learning outcomes when com-
pared with traditional teaching [31]. This meta-analysis was 
limited as very few pediatric studies were included and few 
studies measured outcomes on actual patients.

Difficult Conversations

While simulation in the PICU often focuses on mannequin-
based simulation and technical skills, an equally important 
skill in the PICU is the ability to have difficult conversations 
with families around bad prognoses, difficult decisions, and 
end-of-life care. Simulation-based workshops, using stan-
dardized patients as parents, have been shown to be effective 
in improving the ability of pediatric trainees to have these 
conversations [32] (See Chap. 23, “Communication”).

Special Circumstances

Extracorporeal Membrane Oxygenation

Extracorporeal membrane oxygenation (ECMO) is a tech-
nique to support pediatric patients with severe cardiorespira-
tory failure in the PICU. Catheters are placed in the venous 
system (for respiratory support or veno-venous ECMO) or 
both the arterial and venous systems (for cardiopulmonary 
support or venoarterial ECMO). Blood from the patient is 
pumped through an oxygenator in which oxygen and car-

bon dioxide are exchanged, heated, and then pumped back 
into the patient. ECMO is technically complex and chal-
lenging, and requires the coordination of different groups of 
providers including PICU physicians and nurses, surgeons, 
anesthetists, respiratory therapists, operating room staff, and 
ECMO specialists or perfusionists. Simulation has emerged 
as a useful technique to educate teams on how to initiate 
ECMO, how to support a patient on ECMO, and to trouble-
shoot problems during an ECMO run.

Surgical task trainers have been developed to facilitate 
training in the procedure of ECMO cannulation resulting in 
improved time to cannulation [33]. Once the simulated pa-
tient is on ECMO, a number of techniques have been used 
to simulate various ECMO-related problems such as hypo-
volemia, tamponade, and pump failure. These systems often 
rely on a system of clamps and access points to infuse or re-
move volume to simulate different physiological conditions 
(Fig. 19.3). The advantage of these types of systems is that 
the team’s real ECMO setup can be used to maximize equip-
ment fidelity. These types of systems have shown to improve 
various technical skills of ECMO teams such as urgently re-
moving a patient from the circuit in the event of a mechani-
cal failure [34, 35]. Simulation can also be used to identify 
latent safety threats present in these complicated situations 
[36]. More recently, the use of a simulation-based education 
ECMO program has been associated with improved times to 
ECMO cannulation during CPR and compliance with initia-
tion checklists [36, 37].

Ventricular Assist Device

The management of patients on a ventricular assist device 
(VAD) also requires a dedicated team with specific technical 
and cognitive skills. Although some VAD simulators exist, 

Fig. 19.3  ECMO simulation setup (a). The arterial and venous cannula are connected together either under or inside the mannequin (b, close-up)
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they have typically been used to assess VAD performance 
in a variety of simulated clinical conditions [38]. In an adult 
study, a VAD simulator was used with paramedics to assess 
how easy the various VADs were to use in an emergency 
situation [39]. More work is required to demonstrate their 
effectiveness in education.

Continuous Renal Replacement Therapy

Simulation has been used to train PICU staff in the use of 
continuous renal replacement therapy (CRRT). A simula-
tion-based training program has been shown to improve cog-
nitive skills in CRRT therapy [40]. More importantly, These 
training programs have been shown to improve CRRT circuit 
lifespan when used on real patients in the PICU [41].

Pediatric Cardiac Intensive Care

The pediatric cardiac intensive care unit (PCICU) repre-
sents another specialized environment in which simulation 
can play an important role in education. Emergencies in the 
PCICU often involve multiple practitioners from different 
subspecialties (such as surgery, anesthesia, and neonatology) 
caring for patients with complex physiology. The use of sim-
ulation-based team training in this environment has resulted 
in improved confidence and teamwork [42, 43]. Simulation 
can also be effective in teaching skills commonly used in the 
PCICU such as echocardiography and emergent sternotomy 
[44, 45].

Transport Medicine

Pediatric transport services are responsible for transferring 
acutely ill patients both within and between health centers. 
These transfers are often long, occur in environments not 
well suited to patient care, and bring with them specific 
challenges. Caring for patients in the back of a moving am-
bulance or helicopter, when space is tight and access to the 
patient is limited, is a challenge. The transport environment 
is often noisy, making patient assessment (such as ausculta-
tion) difficult to impossible.

Simulation-based curricula can be used to practice the as-
sessment, triage, and initial management of patients. Pediat-
ric transport teams often comprise healthcare providers prac-
ticing in extended roles; simulation can be used to educate 
transport providers in these new roles. Specific challenges 
of the transport environment (such as the effect of altitude, 
noise, or specialized equipment) can be highlighted. In ad-
dition, with the development of more portable mannequins, 
teams can practice moving patients through various environ-

ments, so challenges of each environment can be better ap-
preciated (e.g., moving an unstable patient into an elevator 
only to realize that a critically important piece of equipment 
has been left behind). This type of simulation brings its own 
challenges, such as confidentiality as teams move through 
public spaces, the use of wireless technology, and how de-
tails of the case can be appreciated by a facilitator as the 
teams move through different hospital environments.

Integrating Simulation into the PICU

Although there are clearly good reasons why simulation 
should be used in pediatric critical care education, there 
are some barriers that need to be overcome. As mentioned 
above, the provision of pediatric critical care relies on spe-
cialized personnel and equipment. Unfortunately, it can be 
a challenge to combine current simulator technology and 
equipment in the PICU. For example, while most manne-
quins can be ventilated with a PICU ventilator, generating a 
level of realism to satisfy experienced critical care providers 
is difficult. Moving or obtaining authentic and current PICU 
equipment to simulation centers is also a challenge. In situ 
simulation can help with the equipment issue, though it is 
often a challenge in a busy PICU to find bed space for simu-
lation that is not already being used for direct patient care. 
Creative solutions are often required, such as using proce-
dure rooms or nearby classrooms.

Conclusions

Simulation-based education to date has focused largely on 
the management of a crisis, whether that is the acute resusci-
tation of a critically ill patient with sepsis or the cannulation 
of a child onto ECMO. However, simulation has the pos-
sibility of being used for more mundane tasks. Instead of 
running a 10-min scenario on the acute resuscitation of the 
patient with septic shock, an extended duration simulation 
can be run allowing for a more realistic experience. In this 
type of scenario, the mannequin can be set up and then run 
for 30 min or more. The admitting nurse may be required to 
perform an initial assessment, chart that assessment, priori-
tize the tasks required, and then monitor the patient for any 
deterioration. The physicians looking after the patient can 
be paged as they would for a real patient, forcing them to 
perform their own assessments of the patient’s status. These 
types of simulation are more realistic by allowing events 
to occur in real time, not artificially forced into a 10-min 
scenario. Even longer simulation events involving multiple 
simulated patients and healthcare providers have also been 
done to assess latent safety threats or to evaluate new critical 
care environments (e.g., prior to the opening of a new ICU).
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In critical care, simulation-based training has also largely 
focused on learners, especially physician trainees and nurs-
es. However, given its power to assess knowledge and skills 
in a realistic environment, it may have a larger role to play 
in the continuing education of licensed professionals, includ-
ing attending physicians. Currently, critical care simulation 
relies highly on mannequin-based simulation. Improvements 
in mannequin technology are critical to allow better inter-
faces with PICU equipment. As other techniques become 
more sophisticated, such as virtual reality, they may partially 
address some of the challenges addressed above. However, 
it is critically important that future research in simulation in 
the PICU examine the effect of these interventions on patient 
outcomes. Studies should attempt to address the question of 
what components of simulation-based training are the most 
effective in different contexts and what are the effects of pa-
tient outcomes in the PICU.
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Simulation Pearls

1. Disasters overwhelm healthcare resources. Multiple casu-
alty incidents (MCIs) strain resources. Simulated disas-
ters and MCIs should steer healthcare workers to make 
decisions about resource allocation.

2. Hospitals can prepare for events such as multiple vehicle 
crashes and school shootings by testing their healthcare 
systems with simulation. Systems testing is crucial, not 
only for hospital providers and personnel, but also for 
prehospital emergency services, such as emergency medi-
cal technicians, paramedics, and firefighters.

3. Simulation provides the opportunity to create the disaster 
and/or MCI in local or remote environments.

4. Effective disaster and MCI preparedness and response 
training combine classroom and screen-based didactics 
with low- and high-fidelity simulation in the form of ta-
bletop exercises, virtual reality, and live drill simulation.

5. Children are vulnerable and impacted by disasters in 
ways that are different from how adults are impacted. Di-
saster training must address pediatric-specific evaluation 
and management of physical and psychosocial manifesta-
tions of pediatric disaster victims as well as family and 
community-related considerations.

Introduction

By definition, disasters and multiple casualty incidents 
(MCIs) are infrequent events that involve numerous victims. 
In the case of disasters, medical resources are overwhelmed, 
while MCIs strain but do not necessarily overwhelm re-
sources [1]. Several reviews describing the epidemiology 
of disasters exist. One Korean study showed that over a 10-
year period, the crude mortality rates for disasters and MCIs 
were 2.36 deaths per 100,000 persons and 6.78 deaths per 
100,000 persons, respectively. The crude injury incidence 
rates for disasters and MCIs were 25.47 injuries per 100,000 
persons and 152 injuries per 100,000 persons, respectively 
[2]. Further, the report showed human-caused disasters were 
over ten times more common than natural disasters, and the 
authors speculated that South Korea has relatively few disas-
ters and MCIs than other nations.

Pediatric Considerations for Disaster and MCI 
Simulation

Factors that make pediatric disaster and MCI unique include: 
(1) the etiology and types of injury and illness; (2) the num-
ber and demographics of victims; (3) the anticipated dura-
tion; (4) available resources of the community; and (5) the 
unique vulnerabilities of children. When planning disaster 
and MCI simulation for the purposes of training, systems 
testing or research, it is advisable to consider all of these 
factors.

Etiology of the Disaster or MCI

One of the fundamental ways in which disasters and MCIs 
vary is their cause. Disaster/MCI events may be categorized 
into (1) natural events, such as tornadoes and earthquakes; 
(2) accidents and errors, such as the Bhopal, India, gas ex-
plosion disaster of 1984; and (3) man-made, or intentional 
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events, such as the Aurora, Colorado, theater shooting of 
2012 or the World Trade Centre disaster of 2001. A disas-
ter or MCI’s etiology will impact the kinds of injuries and 
illness at the scene and in hospitals. The etiology will also 
influence the duration of the event and the likelihood that 
healthcare workers will be willing and able to respond and 
provide care to victims [3–5].

Planning for a simulated disaster/MCI should consider 
the etiology and the types of illness and injury with which 
patients will present. Other considerations include whether 
there is an ongoing hazard that endangers healthcare work-
ers, such as a chemical, biological, radiological, or nuclear 
event, and the hazard vulnerability analysis of the commu-
nity where the simulation is conducted [6, 7]. For example, 
healthcare communities in the American Midwest may 
choose to simulate a response to a tornado, while communi-
ties on a coast might simulate a hurricane or cyclone. Both 
landlocked and coastal communities might be equally likely 
to respond to a mass shooting or a school bus crash.

Number of Victims

There is a balance between the number of victims that need 
assessment and care in a disaster or MCI, the severity of 
illness and/or injury of individual patients, the age distri-
bution of pediatric victims, whether adults accompanying 
them also require care, and the healthcare resources of the 
community (discussed later). The number of simulated 
victims in an event that overwhelms medical resources 
impacts how the simulation is conducted. Simulation for 
events with 10–50 victims can be conducted with standard-
ized patients, child and adult volunteers, and simulation 
mannequins [8]. Larger events may be difficult to depict 
and may require tabletop exercises or computer simula-
tion. Additionally, the needs of individual disaster/MCI 
victims can vary significantly. Mixed-modal simulation al-
lows a means to portray multiple patients and their medi-
cal needs [3], as shown in Fig. 20.1. For example, simula-
tion mannequins may portray patients who have extensive 
injuries or severe illness, or who require invasive proce-
dures (Fig. 20.2), while confederates or standardized actors 
portray ambulatory and conversant patients (Fig. 20.3). In 
some cases, hybrids of confederates and manikins or task 
trainers are used.

Duration

The duration of a disaster or MCI may range from brief and 
punctuated events, such as the 2013 bombings at the Bos-

ton marathon finish line, to protracted events, such as the 
influenza pandemics of 1918 and 2009 [9, 10]. Simulation 
of such events should include plans for whether patients 
present in rapid succession over a short period of time, in 
a protracted, steady stream for hours or days, or a combi-
nation of the two temporal patterns (Fig. 20.4) [11]. If the 
simulated event occurs over the course of hours, such as a 
mass shooting at a school, simulation may be synchronous, 
and follow victims for all or any portion of their time in the 
prehospital setting to emergency departments (EDs) and 
other receiving facilities, and even definitive care, includ-
ing hospital admission and the operating room. For practi-
cal reasons, protracted events are simulated in an asynchro-
nous manner and divided into scenes.

Fig. 20.2  A mannequin portrays a residential fire victim who has suc-
cumbed to smoke inhalation. (Photo courtesy of Mark Cicero)

 

Fig. 20.1  A paramedic performs disaster triage in a mixed-modal sim-
ulation. (Photo courtesy of Mark Cicero)
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Available Resources of the Community

An event with similar etiology, number of patients, and pa-
tient acuity may be a disaster in one community and readily 
addressed in another with more extensive resources. For ex-
ample, a bus crash with eight injured children in rural Ver-
mont would likely overwhelm resources, with few basic life 
support ambulances within a 20-minute radius and a criti-
cal access hospital as the closest receiving facility [12]. The 
same event in a large city with robust emergency medical 
services (EMS) and numerous hospitals might be managed 
with relative ease. Another consideration for simulation edu-
cators and emergency event planners regarding available re-
sources is whether the disaster is occurring in an industrial-
ized country or the developing world [13]. For disasters that 
overwhelm the resources of a community, disaster response 
may be augmented by the inclusion of local or remote gov-
ernment agencies or non-government disaster response or-

ganizations as well as organizations functioning locally with 
disaster response capabilities.

Vulnerabilities of Children to Disaster/MCI

Children are more vulnerable to disasters and MCIs than 
able-bodied adults for several reasons, including cognitive, 
emotional, and physical vulnerabilities [14]. Inclusion of 
these vulnerabilities in simulation promotes familiarity with 
caring for child victims and allows more realistic tests of di-
saster and MCI response systems.

Cognitively, children are less likely to understand the 
ongoing threat of a disaster/MCI or to seek shelter. Further, 
children may lack the problem-solving skills to find respon-
sible caregivers in an ongoing disaster/MCI. When children 
are separated from adult caretakers, there is a need for a re-
liable reunification method [15]. When planning a simula-
tion of a disaster/MCI, it is crucial to add elements of patient 
tracking, family reunification, and the anxiety caregivers feel 
when children may be injured, and the anxiety children feel 
when separated from their caregivers. Emotionally, children 
are likely to take their cues from adults during a disaster or 
MCI. Therefore, when parents and other caregivers respond 
with anxiety and fear, children are likely to experience simi-
lar emotions. In fact, witnessing caregiver stress during an 
MCI is associated with post-traumatic stress disorder in chil-
dren [16]. Children have a number of physical vulnerabilities 
in disasters and MCIs. They may be less mobile than adults 
and less able to seek shelter. They have a greater respiratory 
rate, therefore toxic gases and aerosolized toxins are inspired 
in higher doses more quickly than in adults. Regarding ra-
diological and nuclear exposures, children have more rapidly 
dividing cells and a longer life expectancy than adults [17]. 
Therefore, they are at greater risk of developing neoplasms 
due to exposures. Another physical vulnerability is the rela-
tive discomfort many EMS providers and general emergency 
medicine physicians feel when caring for ill and injured chil-
dren compared to adults [18].

How Disasters and MCIs Differ from Individual 
Patient Emergencies

In single-patient emergencies, healthcare systems and pro-
viders are able to expend personnel time and whatever re-
sources are necessary to attempt to resuscitate a critically 
ill patient. During a disaster when resources are strained 
or overwhelmed, the situation (and ethics) are very differ-
ent [19]. The healthcare team holds the goal of doing the 
most good, for the most patients, with the most judicious 
use of resources [20]. Lifeless patients and patients who are 

Fig. 20.4  Timing of patient presentation in disasters. Patients may ap-
pear in punctuated bursts, as a mass that declines over time, or in a 
steady flow. (Photo courtesy of Mark Cicero)

 

Fig. 20.3  An actor portrays a victim during an aircraft crash simula-
tion. (Photo courtesy of Mark Cicero)
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unlikely to survive, given the available resources, may be 
afforded less care, so that other patients who are more likely 
to survive may receive attention. Initially, it may be diffi-
cult to determine whether an event will overwhelm or just 
strain the response system. Unless it is clear that the event 
will not overwhelm resources, criteria to rapidly initiate di-
saster activation should be established, plans for allocation 
of resources generated, and available responders identified.

During disasters and MCIs, the interface of pre-hospital 
and hospital care should be robust and well coordinated. 
Preexisting, offline policies determine where patients are 
transported. Online medical direction may be required for 
decisions about non-provision or cessation of resuscitation 
efforts. Fire personnel, pre-hospital care providers, and/
or hazmat teams perform decontamination when chemical, 
biological, or radiological agents are suspected [21]. Though 
public health agencies and clinical organizations interact fre-
quently, in disasters and MCIs, there is a particular need to 
work in concert. Public health efforts include the recognition 
of index cases, protection of healthcare workers and non-di-
saster, MCI patients already in the hospital, and distribution 
of immunizations and medication.

Disasters and MCIs cause anxiety and a demand for in-
formation. When disasters or MCIs impact children, family 
members and other caregivers, members of the community, 
and media personnel may add to the complexity of response. 
Family members may present to a disaster/MCI site or ED 
seeking reunification with their child. Reunification strate-
gies may be tested and refined with simulation [22]. Com-
munity members may converge on the event site(s) or a 
hospital(s) intending to volunteer. Reporters and other media 
agents will be present, and law enforcement officials may be 
present. Though none of these groups are patients, all require 
provisions in a disaster/MCI response plan. Simulations may 
include a mechanism for reunification of patients with fam-
ily members, crowd control, and proper interface with the 
media and law enforcement.

Disaster/MCI Training Principles

Preparation for disaster and MCI responses should be ongo-
ing and iterative, follow an all-hazards approach, engage all 
potential constituencies, and provide training for knowledge, 
skills, and team building. Training for disaster and MCI re-
sponse differs from that for other medical situations in that, 
in addition to preparing for injuries and illnesses rarely seen 
in children and providing care for adults victims accompany-
ing pediatric patients, training must also address policies and 
protocols for activation, utilization of physical and person-
nel resources, psychosocial issues unique to disaster, MCI, 
patient volume, impact of disaster/MCI on environmental in-
frastructure, and healthcare systems and structures. Training 

should recognize that non-routine situations, such as disasters 
and MCIs, particularly those that result in high uncertainty 
and disrupt the usual practice environment, increase stress, 
fixation, and loss of situational awareness. For remote disas-
ter response, particularly to austere environments, training 
must also include situational awareness regarding the loca-
tion, its infrastructure, weather, regional medical conditions, 
potentially relevant cultural norms, socioeconomic and po-
litical factors, government and nongovernment options for 
deployment, requirements for personal preparedness, and 
roles in, and responsibilities and risks of deployment.

Effective and efficient training combines classroom and 
screen-based didactics with low- and high-fidelity simula-
tion that includes tabletop exercises, virtual reality (VR), and 
live drill simulation. Classroom and screen-based multime-
dia interactive didactics and exercises can be effective and 
efficient for introducing principles of disaster and MCI, pe-
diatric vulnerabilities to and consequences of different types 
of disasters, MCIs, considerations regarding evaluation and 
management of pediatric victims, hospital policies and prac-
tices for disaster, MCI response, and concepts and specifics 
of situational awareness.

Tabletop exercises are ideally suited for focus on specific 
aspects of planning, policies and logistics of disaster, and 
MCI response, particularly across groups of key personnel 
with different roles and perspectives. Tabletop exercises can 
also be effective for training when live drills are impractical 
and/or too costly, such as for high patient volume disasters, 
and/or training in low-resource settings. Tabletop exercises 
may be used in conjunction with live drills to achieve com-
plementary learning objectives. Pediatric disaster educators 
and planners are advised to consider tabletop exercises as a 
useful tool in the simulation armamentarium.

VR systems, currently in early-stage development for di-
saster, MCI preparedness and response training, range from 
low-fidelity screen-based software intended for individual 
learners and/or teams to high-fidelity 3D immersion into 
controlled environments and situations, and may be custom-
izable for individuals and facilities, agencies and/or organi-
zations. The Ready.gov website has a screen-based disaster 
game for children, as shown in Fig. 20.5. For many disaster 
learners, especial paramedics and emergency medical tech-
nicians, the accessibility of VR disaster/MCI training may be 
more appealing than the spatial and temporal confines of a 
live simulation drill.

High-fidelity simulation that uses a combination of man-
nequins and/or actors is particularly ideal for disaster and 
MCI response training because it affords opportunities to 
create environments and situations unique to disasters and 
MCIs, specifically for each individual facility, agency and/
or organization. Simulation must include evaluation and de-
briefing. Evaluation should be ideally performed by observ-
ers not running the simulation using available and applicable 
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checklists. Debriefing should be guided by trained facilita-
tors, focus on a limited number of topics, and should engage 
all participants.

The US Homeland Security Exercise and Evaluation Pro-
gram (HSEEP) provides guidance for the development and 
evaluation of disaster training exercises, including simula-
tions [23]. The HSEEP includes guidance for developing 
disaster training, evaluating learners as well as the training 
intervention, and methods for improving practice based on 
gaps revealed in simulation and subsequent debriefing. As 
with any simulation, it is important to identify overarching 
goals and specific objectives for simulated disasters and 
MCIs. The range of educational interventions, including 

simulations, and the potential application of those interven-
tions for training and testing the capacity and efficacy of di-
saster plans are shown in Table 20.1. Specifics of the use of 
simulation for disaster/MCI education and systems testing 
are discussed as follows, and a template for creating disaster/
MCI simulations is shown in Fig. 20.6.

Use of Simulation in Disaster/MCI 
Preparedness Education

Simulation is a well-established means of disaster and MCI 
response education [24–28]. Simulation is used to aid learn-
ers’ acquisition of disaster- and MCI-specific knowledge and 

Table 20.1  Best uses of disas-
ter, MCI training modalities
 

Fig. 20.5  Disaster Master 
screen-based training for young 
people (available at www.ready.
gov/kids)

 

http://www.ready.gov/kids
http://www.ready.gov/kids
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skills for team training and formative evaluation. Knowl-
edge and skills training, in addition to focusing on injury 
and illness not routinely seen, and care of patients without 
known identity or caregivers, should incorporate the disaster 
response ethic of allocating resources to do the most good 
for the greatest number of patients. Simulation may focus 
on specific elements of response, engage single or multiple 
groups of hospital and prehospital providers, and involve one 
or more subspecialties, healthcare facilities, local, national 
or international organizations and/or agencies. Disaster and 
MCI response simulation should transport participants out 
of their routine environment and practice to the disrupted, 
chaotic environment created by damage, which locally may 
include their own healthcare facility, or in the remote austere 
environment may be superimposed on an already resource-
limited setting. Simulation should highlight differences from 
the routine in the environment, the demographics of victims, 
their injuries and illnesses, and how providers perform in 
this environment, as well as emphasize accepted disaster/
MCI-specific principles and practices. Performance evalu-
ation and debriefing should focus on knowledge and skills 
of individuals and the team and on interactions as a team. 
Debriefing may include, in addition to discussion regarding 
evaluation and management of disaster, MCI-related injuries 
and illnesses, thoughts and feelings about the disrupted en-
vironment, successes and challenges, and opportunities for 
improvement (see Chap. 3 for details).

The potential emotional impact of participating in disas-
ter/MCI simulation must be considered when planning edu-
cational interventions. Simulations of many ill and injured 
children, some of whom have horrific injuries or are dead, 

can precipitate post-traumatic stress disorder, especially in 
learners with risk factors for the disorder. A sophisticated de-
briefing with probes for detecting those who are acutely im-
pacted by the simulation and offering follow-up to assess for 
sleep disturbance, intrusive thoughts, and other symptoms is 
advisable. A sample debriefing script is shown in Fig. 20.7.

Simulation Modalities for Disaster/MCI Training

Classroom and screen-based didactics, and high- and low-
fidelity simulation, should be combined strategically to pro-
vide effective, cost- and time-efficient training.

Tabletop Simulation
Tabletop exercises provide an excellent opportunity to use 
and reinforce classroom and screen-based didactics to eval-
uate disaster/MCI plans as well as logistics and resources 
within and across hospitals and the community. Sessions that 
present a scenario, divide participants into multidisciplinary 
and interprofessional groups to work through assigned tasks 
applying knowledge gained from classroom and screen-
based didactics, and then have each group present their strat-
egy are valuable for identifying gaps and opportunities for 
improvement. Tabletop simulation is also helpful for plan-
ning the logistics of full-scale exercises, identifying training 
agendas, scenarios, and debriefing topics [25, 29]. Tabletop 
exercises may be the best option for planning for large-scale 
disasters, disasters in environments that cannot easily be ani-
mated by high-fidelity simulation live drills, and/or disasters 
in low-resource environments [30]. Exercises similar to ta-
bletop exercises and drills can be performed within the rou-
tine work environment by posing scenarios or using actual 
notification of potential low-volume event not expected to 
require disaster or MCI response to discuss and practice ele-
ments of response such as activation, space allocation, staff-
ing, equipment, supplies, incident command, triage, disposi-
tion of current patients, and patients expected from the event.

VR Simulation
VR-based disaster and MCI preparedness and response 
training can contextualize concepts, plans, knowledge and 
skills gained from classroom and screen-based didactics, 
as well as tabletop exercises, into a simulated disaster/MCI 
environment and scenario [31]. VR apps are available that 
offer the opportunity to customize disaster, MCI type and 
specifics, the environment as well as the responding facility, 
organization, and agency roles and resources. A few cities 
have created virtual versions of their city for this purpose. 
VR can provide training for individuals’ training indepen-
dently, teaming with virtual responders or actual responders 
participating from their own or other environments. Interac-
tions can include virtual patients and those accompanying 
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Fig. 20.6  Template for the creation of disaster/MCI
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PRIDE
DISASTER DEBRIEFING SCRIPT–

APPLICATION OF TRIAGE STRATEGY CARD 
Learner Code(Example: First Pet, First Street, State, eg. FluffyElmCT):  _________________________ Date: ______________________ On 
Day #1 Only: Viewed didactic video before debrief? (Circle one)  Yes No

Instructions:
1. For each of the seven tasks listed below, check whether the task was  PERFORMED WELL vs. NEEDS WORK.
2. Select AT LEAST FIVE of the tasks below to debrief.  Limit discussion to TWO MINUTES only for each task.
3. For each of the five tasks you selected, follow the scripted debriefing in the row that corresponds.

Task Team
Assessment

What I observed or noticed Why this is important / a concern Inquiry

1–Identification of
Disaster Conditions
and Articulation of
Disaster Triage
Designation

Performed
Well

It looked to me like you immediately
identified that this was a disaster
scenario and made that clear to
everyone involved.

This is great because recognizing that local
resources are overwhelmed changes the triage
strategy in important ways and it is important that
the entire response team operates under the
same assumptions.

What are some of the fundamental differences
between triage strategies in disasters as
opposed to individual patient emergencies?

Needs
Work   

It wasn’t clear to me that this scenario
was designated a disaster. 

This concerns me because recognition that local
resources are overwhelmed has important
consequences for the triage strategy and it is
crucial that all members of the response team are
operating under the same assumptions.

I was wondering what could be done differently
during the initial assessment? What can be
done to ensure triage principles are being used
consistently?

2 Communication
with Medical
Control About
Disaster Resources
and Coordination    

Performed
Well 

After you assessed the scene and
determined a disaster existed, I heard
you notify medical control.

This is great because it allows coordination of
multiple resources.

Please summarize the important information
that should be conveyed to medical control?

Needs
Work

Though it appeared that you
recognized that a disaster existed,
I didn’t hear this communicated to
medical control.

This is great because it allows coordination of
multiple resources.

What information do you think is most important
to convey to medical control?

3 Triage of
Moribund (Black /
Blue) Patients   

Performed
Well 

It looked to me like you did a great job
recognizing those patients who were
moribund. 

This is great because the patient was pulsesless
and apneic and under disaster tri21age rules,
should not consume limited resources. 

Can you summarize what criteria you used to
designate this patientmoribund?  

Needs
Work   

It looked to me like you spent quite a
bit of time attempting to resuscitate a
patient who was unlikely to survive.

This concerns me because I worry that the time
and resources spent on this patient may take away
from those who are more likely to benefit from
immediate care.

I was wondering if we can review the role of
resuscitation (CPR) in a disaster situation? ,  

4–Triage of
Immediate (Red)
Patients

Performed
Well

It looked to me like you accurately
identified the critical patients in need of
immediate medical care.  

This is great because the patients with the most
serious injuries but greatest chance of survival
received care first.

I was wondering we could review the criteria for
designation of critical patients under the (XX)
triage algorithm?

Needs
Work

It looked to me like there was some
difficulty deciding whether a patient
required immediate vs. delayed care  

This concerns me because the patient had critical
physiology that required immediate intervention and
I’m concerned that a delay in care could cause
further decompensation.

I was wondering what parameters you used in
triaging this patient?

5 – Triage of
Delayed (Yellow)
Patients

Performed
Well

Performed
Well

It looked to me like you accurately
identified the delayed patients in need
of further medical care but whose
physiology and injuries justified a delay.

This is great because this allows expenditure of
resources on those requiring most immediate care.

I was wondering if we could review the criteria for
designation of delayed patients under the (XX)
triage algorithm?

Needs
Work

Needs
Work

It looked to me like there was some
difficulty deciding whether a patient
required immediate vs. delayed care

This concerns me because the patient utilized
critical resources that might have been better spent
on more critically ill patients in need of more
immediate care.

I was wondering what parameters you used in
triaging this patient?

6 – Triage of Minor
(Green) Patients

It looked to me like you accurately
identified the minor patients who did
not require further medical attention.

This is great because this allows expenditure of
resources on those requiring most immediate care.

I was wondering if wecould review the criteria for
designation of minorpatients under the (XX)
triage algorithm?

It looked to me like there was some
difficulty deciding whether a patient
required further medical attention or
not.

This concerns me because of the limited resources
available and I’m concerned that some of those
resources were allocated to a patient without
significant injury.

I was wondering what parameters you used in
triaging this patient?

Fig. 20.7  Debriefing script used in a pediatric disaster triage curriculum for paramedics and emergency medical technicians (EMTs). (Image 
courtesy: Debra Wiener and Mark Cicero)
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the patient. Game apps are a form of VR that involve two 
or more teams, usually in competition, using rules, data, and 
procedures to manage disaster/MCI situations. VR allows 
specifics of the disasters/MCIs or the environment in which 
they occur to be changed easily to provide training for differ-
ent types of events, in different environments with different 
resources. VR training can be repeated at intervals deemed 
appropriate based on the individual or group, and for just-
in-time training based on risk of a specific disaster or MCI, 
given factors such as local environment and/or time of year.

Live Simulation
High-fidelity simulation drills conducted within or across 
EMS, other community organizations, and/or hospitals pro-
vide the opportunity to test any or all elements from a single 
operation or function within a group or division to a mul-
tidisciplinary, multiagency community-wide test of person-
nel, environment, and system readiness and performance for 
disaster or MCI response. While the drill will center on a 
particular event, an all-hazard approaches should be empha-
sized. The expense and time that full-scale drills require limit 

the frequency with which they can be conducted. It is there-
fore important that high-fidelity live simulation drills main-
tain focus on elements specific to disaster, MCI preparedness 
and response, and to the extent possible, are conducted after 
potential system weaknesses have been addressed rather 
than for the purpose of identifying them.

Live simulation with high-fidelity simulation mannequins 
and standardized patients provides an efficacious means for 
prehospital and hospital providers to learn principles of di-
saster/MCI triage and become facile with use of available 
triage tools appropriate for pediatric disasters and MCI vic-
tims [3, 24]. As part of triage training, healthcare providers 
can be challenged to decide where and in what order the 
patients should be transported as well as which patients are 
prioritized for other limited resources (e.g., diagnostic imag-
ing, blood products, operating rooms, etc). Hospital provid-
ers should understand that, particularly with scoop and run 
transport, often by EMS providers with limited pediatric ex-
perience, re-triage of victims on arrival to the healthcare fa-
cility is valuable for assessing and prioritizing patient needs 
and allocating patient care resources. Through simulation, 

Performed
Well

7 – Triage of
Children with
Special Health Care
Needs

I was impressed at how you handled
the patient with special healthcare
needs.

It can be challenging to determine whether a patient
with deficits is acutely injured as opposed to
demonstrating baseline deficits but without acute
injury.

I was wondering if you could explain your decision
making in triaging this patient?

Nee Needs
Work
ds
Work

It looked to me like patient with special
health care needs presented a triage
challenge in this scenario.

Overall
Performance

Performed
Well

You did an excellent job of sorting
multiple patients efficiently.

It is important to limit the field triage to sorting of
patients which is the primary role of the scene
commander at a disaster.

I am wondering what the biggest challenge was
in trying to move through all 10 patients in 7
minutes?

Needs
Work

NeedsWork

It seemed to take a bit more time than
expected to triage all of the patients in
this scenario.

At conclusion of this section, please summarize by stating:

In summary, the key learning points for this scenario are:

1. Assessing the scene before beginning triage, determining the existence of a disaster situation that may overwhelm local resources, and
 communicating this clearly to medical control.
2. Rapidly sorting patients into those who require immediate vs. delayed care, those who are dead or moribund, and those who have minor injuries
 that do not require further medical care.
3. Since our state utilizes the XX triage algorithm, lets briefly summarize the key points to each triage designation….
4. Recognizing the challenges posed by children with special health care needs, including separating baseline deficits from acute injury requiring
 medical attention.

Any final comments or questions?

Fig. 20.7  (Continuation)
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retention of triage skills can be assessed, and educators can 
determine the effectiveness of just-in-time training [25].

Simulation of disaster/MCI situations allows EMS and 
hospital providers, including physicians, nurses, social 
workers, mental health providers, unit coordinators, emer-
gency management personnel, security, and others to learn 
how to decontaminate, triage, register, track, and provide 
and document care for child disaster victims. For example, 
learners can encounter multiple simulated victims of trau-
matic events [32], chemical attacks [33], or bombings [16]. 
For basic and intermediate learners, simulation educators 
are urged to focus on a few goals, such as decontamination 
of patients, the administration of pralidoxime and atropine 
in an organophosphate poisoning event, or lifesaving inter-
ventions like airway maneuvers and tourniquets. Advanced 
and experienced learners may benefit from multiple types 
of injury distributed across the patients, and focus on rapid 
stabilization, prioritization of care, and disposition within or 
outside the hospital. Multimodal simulation with both man-
nequins and patient actors may be necessary to depict a full 
range of injuries, illnesses, mental health manifestations, and 
social issues.

Team Training

Aspects of simulation-based team training unique to disas-
ter/MCI response should highlight the incident command 
system that recognizes chain of command, closed-loop com-
munication, and crisis resource management principles and 
practice (see Chap. 4 for details). Simulation scenarios for 
in-hospital response should stress that, as much as possible, 
providers assume their usual patient care roles unless as-
signed to do otherwise. For remote disaster response, sce-
narios should address practice based on knowledge and skills 
rather than titles, the possibility that providers may need to 
perform evaluation and management tasks that they perform 
rarely in children, and/or are outside of their routine scope 
of practice, and the likelihood that providers may never have 
worked together or even know each other. Performance eval-
uation and debriefing should focus on team performance. 
Debriefing focused on teamwork should include defining 
and performing roles, communication, and team dynamics 
(see Chap. 3).

Another consideration for disaster and MCI simulation-
based training is mental health response and psychological 
first aid [34]. The inclusion of anxious, scared, or angry chil-
dren and caregivers increases the reality of simulation and 
presses learners to employ field techniques to address the 
acute psychological impact of disaster/MCIs [35]. Respond-
ers should also be trained to expect that the situation might 
impose considerable stress for themselves as individuals due 
to the chaotic environment, severity of injury and illness of 

victims, uncertainty about the event that has taken place, and 
concerns about the safety of one’s own family and friends 
who may also be victims. As discussed earlier, careful fol-
low-up of participants may be warranted.

Just-in-Time Training

Just-in-time training is training that is conducted immedi-
ately before an anticipated event, and preferably in the same 
clinical environment where the event is likely to occur. When 
healthcare personnel are preparing for imminent response to 
a disaster/MCI, just-in-time simulation provides a means for 
review of the kinds of patients and variety of illnesses and 
injuries that will be encountered, a review of activation, de-
contamination, registration and triage protocols, resource al-
location, and specific disaster/MCI-related patient care. For 
deployment to remote disaster, national or international, just-
in-time training in addition to information about the disaster 
itself and its impact on people and infrastructure should also 
include information regarding the geography, weather, cul-
ture, economics, and politics of the region as relevant to di-
saster response and requirements for personnel preparedness 
and safety. The efficacy of simulation for healthcare work-
er’s disaster preparation has been established for domestic 
and international response [36].

Use of Simulation in Disaster and MCI Systems 
Testing

Disasters and MCIs are unpredictable, in that when and 
where they will occur are difficult to predict. As part of plan-
ning, simulation can be used to assess the number of patients 
an EMS system or hospital can reasonably treat, strategies 
for allocation of hospital space, staff, equipment and sup-
plies, and to compare the relative efficacy of response strate-
gies under different circumstances. Perhaps, the first simula-
tion in which a person participates happens long before pro-
fessional education. School disaster drills provide a means 
for determining the speed of building evacuation and to test 
student tracking [37]. In full-scale exercises, a school disas-
ter drill can be the starting point for an evaluation of EMS 
and hospital response.

Exercises for EMS providers combine infrequent events 
(disasters/MCIs) with relatively infrequent patients (chil-
dren). Simulation disaster/MCI response testing for EMS 
systems can reveal gaps between ideal care for individual 
patients and the population of casualties, and also gaps in di-
saster and MCI response efficacy [38]. Debriefing the learn-
ers, evaluating the exercise, generating a list of specific ac-
tions to be taken to improve future performance, and setting 
a date for a follow-up exercise increase the likelihood that 
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an EMS system will improve its ability to provide care to 
child disaster/MCI victims [39]. The HSEEP system, shown 
in Fig. 20.6, provides a model for integrating simulation into 
continuous systems evaluation and improvement.

There are many strategies for triaging child disaster/MCI 
victims [40, 41]. Whether it works best to (1) identify chil-
dren with the most acute illness or injury or (2) to improve 
outcomes for the population of disaster victims will depend 
on the specifics of each disaster and the resources available 
for response. Simulation offers a means to compare out-
comes when existing triage systems are used and a means 
for comparing novel systems to existing methods [42, 43].

The extent to which existing ED resources, which are 
already chronically taxed in some EDs, will be stressed or 
overwhelmed will also depend on the specifics of the disas-
ter/MCI and on triage strategies and practice. Simulation in 
the ED and hospital setting allows for testing of disaster/MCI 
plans [44, 45]. Again, following an HSEEP-based evaluation 
system and setting measurable post-simulation objectives 
are key to improving the response plan. Full-scale exercises 
integrate the prehospital response with the response of the 
receiving facility.

Chemical, biological, and radiological incidents, whether 
they are natural or intentional in origin, create an ongoing 
hazard for healthcare workers and patients alike. Live simu-
lation is the best way to experience what it feels like to don 
a hazmat suit and deliver care and communicate while wear-
ing the suit. The importance of personal protective equip-
ment has been underscored by the Ebola pandemic of 2014 
which began in West Africa (Fig. 20.8). Furthermore, live 
simulation may reveal bottlenecks and challenges in on-
scene and hospital decontamination practices [46], including 
setting up and using decontamination equipment, disrobing 
and washing children with soap and water and passing off 
to providers for further triage, evaluation, and management. 
The US Government Agency for Healthcare Research and 
Quality provides a video detailing pediatric decontamina-
tion (Fig. 20.9). Pediatric considerations for decontamina-
tion include the risk of hypothermia, modesty issues, holding 

slippery, nonambulatory children, patient identification, ad-
dressing fears, and the need to decontaminate special equip-
ment, such as wheelchairs [47].

Another practical test of disaster/MCI response systems, 
both on-scene and in the hospital, is patient registration, 
tracking, documentation, and reunification. Patient registra-
tion strategies that allow creation of medical records prior 
to or immediately on victim arrival without dependence on 
knowing victim identity have been developed. Patient track-
ing in disasters/MCIs is facilitated by simple wristbands, 
barcode, and GPS tracking [48]. Facial recognition technol-
ogy and digital images may be used to expedite and increase 
the likelihood of safe, secure reunification of children with 
their caregivers [49, 50]. Simulations involving minors, in-
cluding nonverbal children, separated from their parents can 
be used to test patient tracking and reunification plans.

Simulation also provides an opportunity to test hospital 
back-up systems to mitigate internal infrastructure compro-
mise and hospital evacuation with patient transfer if disas-
ter/MCI results in an inadequately functioning or unsafe 
structural environment. Simulation for response in austere 
environments may be used to test systems to mobilize team 
members, set up and functioning of mobile healthcare facil-
ity structures, equipment and supplies, and communication 
systems.

Future Directions

There are several important directions for mass casualty and 
disaster research over the next decade. First, efforts will be 
made to test the disaster readiness of larger systems, such as 
the interaction of fire services, EMS, and hospitals, with pub-
lic health services. Next, researchers will focus their efforts 
on the efficacy of just-in-time training, and the frequency 
of educational reinoculation needed to maintain readiness in 
health systems. Additionally, simulation will be used to test 
the relative efficacy of pediatric disaster protocols, including 
triage methodologies.

 Fig. 20.8  Healthcare work-
ers don personal protective 
equipment in Liberia during the 
West African Ebola epidemic. 
(Source: www.usaid.gov)

http://www.usaid.gov
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Conclusions

Simulation is ideal for disaster and MCI response training, 
particularly in pediatrics. An understanding of the elements 
of disasters/MCIs and preparedness and response for them 
is important for developing and delivering appropriate train-
ing. Classroom and screen-based didactics and high- and 
low-fidelity mannequin-based simulation, including tabletop 
exercises, VR, and live drills as needed, should be combined 
strategically to provide effective and efficient training. Sim-
ulation should focus on principles, situations, and practices 
unique to disasters and MCIs.
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Simulation Pearls

1. Pediatric anesthesia is a multidisciplinary team pursuit—
consider interprofessional simulation where possible.

2. Full-body mannequin simulation is not the panacea in 
pediatric anesthesia simulation—do not overlook screen-
based simulation for teaching in the operating room or 
standardized parents for perioperative communication 
challenges.

3. Procedures in pediatric anesthesia rarely translate seam-
lessly from adult anesthesia—use appropriately-sized 
task trainers prior to attempting procedures on children.

4. Simulation-based refreshers and updates are useful for 
anesthesiologists practicing in community settings with 
occasional responsibility for pediatric anesthesia or resus-
citation.

Introduction

The earliest documented use of pediatric anesthesia was in 
1842 [1]. From the outset, it was recognized that pediatric 
patients reacted differently to anesthesia than adults. Wil-
liam Morton, one of the earliest proponents of ether anesthe-
sia, was reluctant to use it in children due to more frequent 
nausea and vomiting compared to adults [2]. Interestingly, 
the first documented death attributable to anesthesia was in 

1848—a 15-year-old named Hannah Greener who was anes-
thetized with chloroform for ingrown toenail removal [3].

With the first pediatric anesthesia textbook by Dr. Morton 
Digby-Leigh in 1948 [4] and pediatric anesthesia training 
programs established by Dr. Robert Smith in the 1950s [5], 
pediatric anesthesia emerged as a distinct specialty. Pediatric 
anesthesia fellowship training has been available since the 
1970s, but the Accreditation Council for Graduate Medical 
Education (ACGME)  officially recognized pediatric anes-
thesia subspecialty training only in 1997. Some programs 
offer 2-year advanced pediatric anesthesia fellowships pro-
viding additional training in cardiac anesthesia, education, 
pain management, palliative care, research, and quality im-
provement [6].

In the UK, The Royal College of Anaesthetists (RCoA) 
has actively promoted pediatric anesthesia as a distinct 
specialty, periodically publishing guidelines on pediatric 
anesthesia services. Its most recent guidelines recommend 
annual multidisciplinary scenario-based training as part of 
the process of physician revalidation [7]. Many countries 
in continental Europe have adopted the Recommendations 
on Training in Pediatric Anesthesia by the European Fed-
eration of Associations of Pediatric Anesthesia [8]. In Japan, 
by contrast, a survey of members of the Japanese Society 
of Anesthesiologists published in 2006 revealed that most 
members felt it was premature to subspecialize in pediatric 
anesthesia [9].

Since the introduction of the first pediatric computerized 
mannequin in 1999, there are now several commercially 
available mannequins, of various ages/sizes, suitable for pe-
diatric anesthesia simulation. Anesthesiologists have been 
early adopters of simulation as a teaching aid and pediatric 
anesthesiologists are no exception [10]. Simulation-based 
pediatric anesthesia training offers an opportunity for the re-
hearsal of clinical skills and judgment required to provide 
anesthesia to children, without the risk of patient detriment.
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Simulation-Based Education for Pediatric 
Anesthesia

Despite recent significant advances in the other areas of pe-
diatric anesthesia simulation discussed here, the discipline 
remains predominantly used for the purpose of education. 
There are a number of considerations particular to pediat-
ric anesthesia simulation-based education that distinguish it 
from adult anesthesia simulation and pediatric simulation in 
related specialties (e.g., Pediatric Emergency Medicine or 
Pediatric Critical Care). In this section, we will discuss those 
considerations under the themes of type of learners, focus 
of learning objectives, learning environment, and mode of 
simulation. We will then describe some task trainers specific 
to pediatric anesthesia and finish the section with an example 
of a pediatric anesthesia curriculum.

Type of Learners

Pediatric anesthesia simulation programs must be learner fo-
cused and designed and delivered sensitive to the nature of 
the intended learners. Depending on the context, anesthesia 
may be delivered by a variety of practitioners, assisted by 
other practitioners with a variable level of specific training 
and experience. For example, independent anesthesiologists 
may practice full-time in a tertiary level pediatric hospital or 
conversely may have an occasional commitment to anesthe-
tizing children in a community or general hospital. The nature 
of their day-to-day pediatric anesthesia challenges will vary 
in intensity, as will their comfort level with certain adverse 
events. These must be considered and accommodated in the 
curriculum construction. In teaching hospitals, house staff 
(residents, registrars, etc.) form part of the anesthesia care 
team, whereas in a community hospital, the team will be lean-
er, without the second anesthesiologist immediately available. 
If trainee anesthesiologists are among the learner group, then 
consideration should be given to their level of training in both 
anesthesia generally and specifically in pediatric anesthesia.

In most developed world contexts, the principal anesthe-
sia provider will be a medical doctor (MD) with a propor-
tion of their responsibilities delegated to a qualified deputy. 
However, it is important to recall that the majority of an-
esthesia delivered worldwide is done so by non-physician 
anesthetists or nursepractitioner anesthetists (NPAs), and if 
they are to be included in a learner group, the content should 
be adjusted accordingly. The nature of the trained assistance 
available to the anesthesia provider is country specific and 
should also receive attention. As is clear, the delivery of an-
esthesia to children can involve a range of healthcare provid-
ers, and, consequently, the simulation of pediatric anesthesia 
should be sensitive to which of that range will be constitu-
ents of the learner group.

Combinations of Learners Types—Pediatric 
Anesthesia Interprofessional Education (IPE)
The pediatric anesthesiologist does not function in isolation 
but alongside multiple other disciplines and specialties. IPE 
offers benefits in terms of team building, sharing mental 
models and decision-making priorities, and understanding 
the agenda and motivations of coworkers (see Chap. 15). The 
simulated clinical environment is the ideal place to explore 
these issues and confer insight into the thought processes of 
other team members.

From a logistical perspective, coordinating multiple 
healthcare providers simultaneously to free themselves from 
a busy clinical workload is a significant challenge. The al-
ternative is to create a uniprofessional session targeted at 
anesthesiologists and script confederates to act out the roles 
of the other team members, accepting the increased faculty 
requirement. The selecting, briefing, and scripting of fac-
ulty confederates or actors (sometimes termed Embedded 
Simulation Personnel, ESP) is important to consider and is 
covered elsewhere in this book (see Chaps. 2 and 8). In over-
view, the confederates are scripted such that they are helpful 
but do not show initiative, and their responses should not be 
expansive such that they lead the primary learner. There is 
sometimes a temptation for the confederate to deliver exces-
sive quantities of information or assistance (perhaps to dem-
onstrate their own competence) but in doing so reduce the 
impact for the primary learner. Conversely, if the confederate 
is determined that the learner should figure it out for them-
selves, this can result in them adopting an unrealistically un-
helpful or even obstructive stance. This is also undesirable 
and may lead to poor learning outcomes. For these reasons, 
using actual care providers would be preferable to ESP, espe-
cially when evaluating interprofessional team-based skills.

Focus of Learning Objectives
As in other acute care specialties, the clinical challenges 
encountered in pediatric anesthesia may be categorized 
into medical management, technical skills, and nontechni-
cal skills (variably termed human factors or crisis resource 
management). It is clear that these are analogous to the 
three realms of knowledge, skills, and attitudes that so fre-
quently arise in competence assessments. Each is amenable 
to simulation-based learning, but the nature of the simula-
tion session constructed must be sensitive to the focus of 
the learning objectives. There is often some overlap of these 
realms and scenarios with combinations of learning objec-
tives being common.

Medical Management Learning Objectives
Simulation sessions aimed at imparting knowledge and ex-
perience of the management of medical crises in pediatric 
anesthesia are well suited to computerized mannequin-based 
simulation, with anesthesiologists as the participants and 



26721 Simulation for Pediatric Anesthesia

faculty confederates playing the roles of other practitioners 
present in the scenario. These scenarios present an oppor-
tunity for the anesthesiologist to rehearse the management 
strategies of various low-frequency, high-stakes events that 
might be considered the fundamentals of pediatric anesthesia 
emergencies. When the focus of the learning objectives is 
medical management, faculty as confederates can standard-
ize the responses of the other practitioners, thereby control-
ling for human factors (i.e., conflict resolution, prioritiza-
tion, resource utilization, etc.), especially if the scenario is 
designed to achieve a combination of medical management 
and non-technical objectives (see Chap. 2).

Human Factors Learning Objectives
Simulated operating room crises with a focus on non-techni-
cal skills (or human factors)  are well suited to IPE. In this 
context, challenges are written into the scenario which oblig-
es the interprofessional team to tackle issues such as task 
management, decision-making, conflicting priorities, and 
leadership (see Chap. 4). While interprofessional scenarios 
involving anesthesiologists might have an element of anes-
thesia-specific content, each of the disciplines involved in 
IPE should stand to derive an equal benefit from the exercise.

Table 21.1 lists some potential participants for an inter-
professional exercise involving anesthesia.

Technical Skills Learning Objectives
There are many skills specific to pediatric anesthesia where 
simulation is a suitable training tool but for which comput-
erized mannequin whole-body simulation is unnecessary. 
Part-task trainers are available to conduct deliberate practice 
or mastery learning exercises before exposing a child to a 
novice anesthesiologist. The portability of the devices means 
the context of this learning may be with multiple learners at a 
scheduled session, or just-in-time training for a single learner 
immediately before undertaking the real-life procedure. The 
following section describes some part-task trainers specific 
to pediatric anesthesia as well as the notion of hybrid simu-
lation involving the combination of multiple simulation mo-
dalities.

Environments for Pediatric Anesthesia 
Simulation

The range of procedures for which children require anesthe-
sia is more extensive and diverse than in the adult popula-
tion. As a pediatric anesthesiologist may deliver patient care 
in multiple locations around the hospital, it follows that 
simulation activities should mirror this diversity. Any clini-
cal area where an anesthesiologist provides patient care may 
also host an in situ session or be recreated in a simulation 
laboratory. There are a few nuances to be considered with 
each location.

Operating Room
The majority of anesthesia simulations will be staged in the 
operating room. Environmental realism is achieved if the an-
esthesia workstation is the same make and model as in the 
learners’ home institution. Where this is not possible, a thor-
ough orientation to the anesthesia machine is required during 
the introduction of the simulation session. Similarly, learners 
should be oriented to the other equipment and disposables 
and informed which may be opened, manipulated, drawn-
up, injected, etc. Operating room furniture, sets, trays, and 
disposables can be acquired to augment the realism of the 
simulated environment. Supply carts should be stocked with 
the complete range of disposables for every size of pediat-
ric patient. Even if the same-sized mannequin is used for all 
simulations, the learners should still be exposed to the chal-
lenge of selecting appropriately sized equipment. Confeder-
ates are required to take the role of other operating room 
team members. This should include a trained assistant (e.g., 
induction nurse or anesthesia assistant) and usually a sur-
geon. Whether there will be a second anesthesiologist avail-
able should be considered. In the context of interprofessional 
operating room simulation, fewer confederates are necessary 
as the whole team is represented by the learners. The operat-
ing room is a good setting for crisis scenarios, human factor 
scenarios, interprofessional team training, and testing feasi-
bility and utility of algorithms and checklists. Furthermore, 
in situ operating room scenarios are useful for trialing novel 

Table 21.1  Example of potential participants for an anesthesia-focused IPE session
Anesthesiologist Anesthesia assistant Nursing Proceduralist Other Specialties Other support staff

Staff/attending/
consultant

Induction nurse Operating room Surgeon(s) Intensive care staff Operating room aides

Fellow/senior trainee Anesthesia assistant Diagnostic imaging Endoscopist Emergency room staff Blood bank
Resident/registrar Nurse practitioner Emergency room Oncologist Radiology staff Transport
Medical student Respiratory therapist Cardiologist

Operating department 
practitioner

Interventional 
radiologist

IPE interprofessional education
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operating room processes or equipment (e.g., introduction of 
new anesthesia workstations) or for exposing latent safety 
threats (see Fig. 21.1; see Chap. 5).

Cardiac Operating Room
The complex interprofessional processes involved in car-
diac surgery that include the interplay of surgeons, anesthe-
siologists, perfusionists, and nurses are ideal for rehearsal 
or drilling in a simulated context. The Orpheus Perfusion 
Simulator® (Terumo, Ann Arbor, MI) [11] has allowed for 
the creation of in situ hybrid simulation team training pro-
grams, where the perfusion simulator is used alongside other 
simulation modalities in whole-team exercises [12, 13].

Perioperative Medicine
Simulation is a useful modality for exploring preoperative 
and postoperative issues. Assessing a child’s readiness for 
general anesthesia or preparing for emergency anesthesia 
is perhaps overlooked as an application for simulation. On 
occasion, the best decision an anesthesiologist can make is 
not to anesthetize the patient at that given point—this can 
be simulated by creating scenarios in the preoperative phase 
where the anesthesiologist must collect information, assess 
the patient, and prepare prior to an urgent surgery. They must 
also make a judgment regarding how best to proceed safely, 
whether to summon assistance, selection, and preparation of 

emergency medications, etc. This can all be accomplished 
with the added time pressure of a mannequin with deterio-
rating vital signs. Other perioperative scenarios can include 
classroom-based communication stations where a learner 
must conduct a difficult conversation with a standardized 
parent or patient. Table 21.2 gives some examples of these.

Postoperative complications in the post-anesthesia care 
unit are another topic amenable to simulation, where com-
promise of the airway, ventilation, hemodynamics, or mental 
status can require rapid assessment and intervention. Emer-
gence delirium is a pediatric anesthesia situation that is more 
challenging to simulate acutely, but explaining an episode of 
emergence delirium to an anxious parent (i.e., confederate) 
makes a useful postoperative communication, disclosure, 
and professionalism station (see Chap. 23 for details).

Table 21.2  Pediatric anesthesia standardized patient/parent scenarios

History taking or examination
Seeking consent for procedures
Disclosing an adverse event (e.g., medication error, intraoperative 
complication, or emergence delirium)
Communication challenges (e.g., dissatisfied parent who witnessed 
a combative induction)
Explaining the conduct of anesthesia in lay terms to an anxious par-
ent or adolescent

Fig. 21.1  Otolaryngology operat-
ing room in situ interprofessional 
simulation. (Author’s image, with 
permission)
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Trauma Room, Emergency Department
Pediatric anesthesiologists are pivotal members of the trauma 
team. Simulations conducted in situ in the trauma room have 
the potential to address multiple issues simultaneously. They 
can cover topics of medical management and human fac-
tors, but also expose latent errors in the complex processes 
necessary to coordinate all team members in the cooperative 
delivery of care. Consideration must be given to how simu-
lation will disrupt care of real patients, and a contingency 
plan must be formulated in the event when the trauma room 
is suddenly needed for real patient care. Commonly, the im-
minent arrival of a real trauma case is flagged in advance by 
the paramedic team, such that the simulation paraphernalia 
can be uninstalled in sufficient time to allow admission of 
the real patient. Feasibility of this approach has to be judged 
based on the frequency of trauma calls in a given center. Fac-
ulty should agree in advance the extent to which participants 
are expected to seek and open equipment and disposables. 
To access everything as they would in reality increases en-
vironmental and conceptual realism but depletes stock and 
mandates rigorous restocking and checking of carts as after 
a real patient encounter.

Off-Site Pediatric Anesthesia
Pediatric anesthesia is employed for much more than surgi-
cal operations. Painful or unpleasant procedures are conduct-
ed in multiple locations around the children’s hospital that 
require the services of an anesthesiologist. Examples include 
magnetic resonance imaging, image-guided therapy, cardiac 
catheterization laboratory, hematology/oncology ward (e.g., 
for bone marrow aspirations and lumbar punctures), gastro-
intestinal endoscopy unit, and burns wards (e.g., for dressing 
changes). It is of particular benefit to run simulations in these 
areas that are rarely challenged by adverse events.

Modes of Pediatric Anesthesia Simulation

Full-Body Computerized Mannequin

Many medical simulation companies now make pediatric 
versions of their simulation mannequins. Neonate, infant, 
and child mannequins are available with varying levels of 
functionality. These are described further in a separate sec-
tion of this book (Chap. 10). They each have their strengths 
and weaknesses, but these are not specific to pediatric anes-
thesia and, as such, there is not one mannequin that stands 
out as particularly well-suited to pediatric anesthesia simula-
tion. If the purchase of a new mannequin is being considered, 
it is crucial that educators from all the services who will use 
the mannequin are invited to the product demonstrations 
provided by the industry representatives. This gives the op-
portunity prior to purchase for end users to inspect the prod-
uct for suitability in their specialty. Most of the mainstream 
high-fidelity mannequins can be intubated and ventilated 
via a manual ventilation device, anesthesia workstation, or 
standalone ventilator. They exhibit realistic airway pressures 
which can usually be manipulated (depending on the man-
nequin in question). Of note is that some infant mannequins 
have lungs that are undersized for the size of the patient, so 
that when mechanically ventilated, the tidal volumes accom-
modated are in the order or 2 mL/kg. Although this is unre-
alistically low, the learner can be oriented to this at the start 
of the session. If it is important to the anesthesia educator to 
achieve realism in this regard, then that specification should 
be sought and confirmed prior to purchase (see Fig. 21.2; 
Chap. 10 for details).

Fig. 21.2  Uniprofessional full-body 
computerized mannequin simulation 
in a simulation laboratory. (Author’s 
image, used with permission)
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Simulated Parents or Patients
Standardized patients and parents (actors) are probably un-
derused in pediatric anesthesia simulation but are powerful 
tools and, aside from organizing the actor and script, require 
the least administration/set-up. As described earlier, stan-
dardized parents and patients are useful for re-creating the 
perioperative communication challenges and difficult dis-
cussions that arise in pediatric anesthesia. Some examples 
are given in Table 21.2 (see Chap. 8 for details).

Screen-Based Simulation
Many of the decision-making challenges in pediatric anes-
thesia can be simulated at a desk, using software installed on 
a personal computer or mobile device. Virtual patients can 
be introduced and a scenario played out on-screen with op-
portunities for the participants to direct the management by 
selecting predefined options with the simulation storyboard 
unfolding accordingly (see Chap. 9). Examples of these fa-
cilities include the Virtual Interactive Case System (VICS) 
(Toronto, ON, Canada) [14] and Anesoft (Laguna Niguel, 
CA, USA) [15]. Screen-based simulations have been shown 
to be associated with improved performance on subsequent 
mannequin-based scenarios [16]. There are numerous mo-
bile device applications that apply to pediatric anesthesia 
[17], but among those which have a simulation education 
angle is ET-Yale, an infant endotracheal intubation trainer 
[18] (MySmartSimulations®, Saratoga Springs, NY, USA; 
see Fig. 21.3). There are other screen-based anesthesia sim-
ulators that may be configured (by age, weight, and other 
variables) to run pediatric cases. GasMan software (San 
Ramon, CA, USA) [19], which allows trainers and trainees 
to run volatile anesthesia simulations, and another example 
is iTIVA [20], which allows a total intravenous anesthesia 
regimen to be entered before the simulation is run and the 
pharmacokinetic data for that simulation displayed graphi-
cally. The medication regimen can then be manipulated and 
the impact on plasma and effect-site concentration observed.

Pediatric Anesthesia Task Training

In general, task trainers that are specific to pediatric anesthe-
sia are sparse. There are useful task trainers for anesthesia, 
but these are often not available in pediatric versions. There 
are other task trainers for pediatrics, but these are not anes-
thesia specific (e.g., venous cannulation and lumbar punc-
ture). There are many examples, both published and anec-
dotal, of pediatric anesthesiologists improvising task trainers 
to fill a gap in the commercial market. Generic pediatric task 
trainers are considered elsewhere in this book. What follows 
is a description of task trainers that are specific to pediatric 
anesthesia.

Pediatric Airway Trainers
Many manufacturers carry baby, infant, and child head and 
neck airway trainers in their product line. They can be used 
for bag-mask ventilation and for the sizing and insertion of 
oropharyngeal, nasopharyngeal, and other supraglottic air-
ways. At most, the learner can perform direct laryngoscopy 
and endotracheal intubation, although this is not universal to 
all head and neck task trainers, so faculty should be clear on 
the specifications before purchase (see Chap. 10). Similarly, 
some airway task trainers have a realistic nasal cavity and 
nasopharynx, for the nasal approach to fiberoptic intubation, 
whereas others do not. Also available are abnormal airway 
task trainers. For example, AirSim Pierre Robin® (TruCorp, 
Belfast, UK; Fig. 21.4) features the airway morphology of a 
baby with Pierre Robin sequence and allows for the simu-
lation and deliberate practice of difficult airway solutions. 
A few manufacturers also produce pediatric cricothyrotomy 
simulators (e.g., Simulaids, Saugerties, NY, USA) which are 
particularly useful for running hybrid simulations involving 
a pediatric can’t intubate, can’t oxygenate scenario.

An important component of pediatric anesthesia is the 
selection of age/size-appropriate airway devices. Whether 
these are laryngoscope blades (sizes or designs), video la-
ryngoscopes, fiberoptic bronchoscopes, endotracheal tubes, 
or all manner of supraglottic devices, the devices will not 

Fig. 21.3  Screenshot of ET-Yale screen-based intubation trainer. (Used 
with permission of Marc Auerbach, Yale University, New Haven, Con-
necticut, USA, and mySmartSimulations, Inc.)
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function as planned if incorrectly sized. The simulation labo-
ratory is a good context in which to encounter these chal-
lenges and practice using these devices. The limited physical 
realism of the airway trainers does not negatively impact the 
benefit to the trainee of handling and manipulating the vari-
ous difficult airway devices. Indeed, in some airway training 
courses, the task trainer does not even resemble an airway, 
instead being a black-box obstacle course through which the 
trainee can manipulate the fiberoptic bronchoscope to visu-
alize a target at the end.

Pediatric Regional Anesthesia Trainers
Simulation-based pediatric regional anesthesia training pro-
grams have been shown to be associated with an increase 
and retention of cognitive and technical skills in the tech-
niques [21]. Due to its crossover applications, pediatric 
lumbar puncture task trainers are commonplace. They per-
mit intrathecal injection so as to allow the simulation-based 
mastery learning of spinal anesthetic administration and all 
the associated procedures (aseptic technique, skin prepara-
tion, draping, etc.). Task trainers for other types of pediatric 
regional anesthesia are less common, although are available. 

The Pediatric Caudal Injection Simulator (eNasco, Fort At-
kinson WI, USA; Fig. 21.5) is one such example that allows 
learners to practice the commonest of pediatric regional an-
esthetic techniques [22]. There is a gap in the market when 
it comes to other approaches to the epidural space in chil-
dren (e.g., percutaneous lumbar or thoracic epidural catheter 
placement). The simulation of these other pediatric regional 
anesthesia techniques at this stage relies on utilization of 
adult size commercially available phantoms, or anesthesia 
educators improvising smaller sized solutions. Phantoms 
that can be imaged with ultrasound and needled as for an 
ultrasound-guided regional anesthetic technique can be man-
ufactured by simulation educators. There are various recipes 
available that involve embedding objects in a suspension of 
hypoechoic media that range from gelatin [23] to tofu [24] to 
multiple other solutions [25]. These can be created in sizes 
appropriate for simulating pediatric procedures.

Pediatric Vascular Access Trainers
Many manufacturers offer pediatric peripheral venous can-
nulation task trainers. Some of these task trainers are amena-
ble to ultrasound scanning so as to simulate the difficult i.v., 
where learners can perform an ultrasound-guided peripheral 
intravenous cannulation. An example of a pediatric central 
venous access trainer is the VascularAccessChild System 
(Simulab Corporation, Seattle, WA, USA). Central line 
trainers are commonly ultrasound compatible and often have 
a hand bulb to create an arterial pulsation during the pro-
cedure. There is convincing evidence that simulation-based 
mastery learning of central venous access procedures is as-
sociated with better adherence to key steps [26], increased 
success rates [26], fewer complications [27], and even cost 
saving [15] (when the cost of the education program is bal-
anced against the healthcare costs saved). Pediatric arterial 
cannulation is a skill that frustrates many novices in pediatric 
anesthesia. Perhaps surprisingly then, pediatric-sized arterial 
cannulation task trainers are currently only in development 
phase [28]. Educators must therefore decide whether they 

Fig. 21.5  Life/form® Pediatric Cau-
dal Injection Simulator. (Used with 
permission of Nasco Healthcare)

 

Fig. 21.4  TruCorp AirSim Pierre Robin airway task trainer. (Used with 
permission of TruCorp Ltd.)
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will have trainees practice on adult-sized task trainers or 
manufacture their own smaller version. Figure 21.6 shows 
a homemade version which has a palpable pulse and blood 
reservoir such that the learners will see the characteristic 
flashback in the cannula.

Just-in-Time Training in Pediatric Anesthesia
Just-in-time training refers to engagement in learning activi-
ties immediately before performing that procedure in real 
life. In the context of pediatric anesthesia, this might be on 
a task trainer (e.g., demonstrating safe technique for central 
venous catheterization on a task trainer, before performing 
it on a real patient) or a full-body computerized mannequin 
(e.g., rehearsing the induction of anesthesia of an infant with 
Tetralogy of Fallot immediately before inducing a similar 
patient in the operating room).

Hybrid Simulation in Pediatric Anesthesia
Hybrid simulation refers to the combination of multiple sim-
ulation modalities in one, usually complex, scenario. An ex-
ample of operating room hybrid simulation might be a can’t 
intubate, can’t oxygenate scenario that could be started on a 
computerized mannequin, but when the participant reaches 
the point of a front-of-neck procedure, they perform the pro-
cedure on a part-task trainer (which is until that point con-
cealed nearby).

Example of a Pediatric Anesthesia Curriculum

As for any process of educational curriculum design, a pre-
established framework should be followed to ensure that the 

process is robust, transparent, and can be evaluated and re-
fined. One such framework is the six-step approach advo-
cated by Kern et al. [29] (Table 21.3).

The sources of information to satisfy step one include li-
aison with the country-specific licensing authority, college, 
or board that would be able to indicate what would be con-
sidered key competencies and whether they have any data 
on whether these are achievable within a pediatric anesthe-
sia rotation. Learners’ needs (step 2) can be ascertained by 
surveying learners and their trainers and discovering if the 
learning objectives mandated by their licensing authority are 
currently achieved by existing training in pediatric anesthe-
sia. Goals and objectives must be specific and measurable 
in order that the success of the program can subsequently be 
evaluated. In step four, educators must ask themselves if sim-
ulation is even the most suitable modality for addressing the 
identified needs. Description of the implementation phase of 
a new pediatric anesthesia simulation curriculum is beyond 
the scope of this discussion, but included in table 21.4 is a 
list of potential pediatric anesthesia scenarios that could be 
included in a course.

An example of one such pediatric anesthesia curriculum 
that underwent this rigorous process of curriculum design is 

Table 21.3  Kern’s six steps of curriculum design

1. Problem identification and needs assessment
2. Learners’ needs assessment
3. Goals and objectives
4. Educational strategies
5. Implementation
6. Evaluation and feedback

Fig. 21.6  Homemade pediatric size 
arterial cannulation task trainer. 
(Image courtesy: Katherine Taylor, 
The Hospital for Sick Children, 
Toronto, ON, Canada, and Tracy 
Tan, Kandang Kerbau Hospital, 
Singapore)
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the Managing Emergencies in Pediatric Anesthesia (MEPA) 
course [10, 30]. The MEPA course has been the basis of an 
international network of pediatric anesthesia educators and 
the focus of simulation research, as discussed below.

Research

The evolution of research in pediatric anesthesia simulation 
is relatively recent. Cook has described a framework for clas-
sifying medical education research as description research 
( what was done?), justification research ( did it work?) and 
clarification research ( why or how did it work?) [31]. To 
date, much of research in pediatric anesthesia simulation has 
been at the description stage [32, 33]. Justification research 
can be classified according to the level of outcome that is 
considered. The Kirkpatrick classification [34] is often used 
to categorize research. Level 1 refers to the reaction of learn-
ers, for instance whether learners feel that the simulation 
experience was effective [35], or as Berlacu and colleagues 
found that simulation increases confidence in trainee pedi-
atric anesthesiologists [36]. Kirkpatrick level 2 refers to the 
demonstration of learning after training and there is little 
work at this level in pediatric anesthesiology training [37], 
although its effectiveness at this level is also supported by 
the literature in adult anesthesia simulation [38, 39] and in 
other acutecare specialties in pediatrics [40]. Kirkpatrick 
level 3 refers to actual changes in practice in the workplace, 

and although this has been demonstrated in adult anesthesia 
[41], we know of no studies that have examined this level 
of outcome in pediatric anesthesia. The highest level, Kirk-
patrick 4, describes patient level outcomes from simulation 
training, and although this has been shown in other medi-
cal [42, 43] and surgical [44] specialties, including pediatric 
cardiac arrest [45], there is currently no evidence at this level 
for simulation in anesthesia. It may prove challenging to es-
tablish this kind of evidence for simulation in the specialty 
of anesthesia, in part due to the high level of patient safety 
and low incidence of negative outcomes in anesthesia care. 
Cost has been described as the missing outcome in simula-
tion research [46] and few studies have described this aspect 
of pediatric anesthesia simulation [47], with no evaluations 
to date of return on investment in terms of educational out-
comes per dollar spent.

Assessment

Simulation shows promise for competence assessment in pe-
diatric anesthesia. It has been demonstrated that anesthesia 
trainees who perform well in oral exams cannot necessarily 
translate that performance to simulation scenarios [48]. Pe-
diatric anesthesiologists may be assessed using workplace-
based assessments for routine cases [49], but this is not pos-
sible for crisis situations which occur relatively infrequently 
and where it would be ethically unacceptable to allow poor 
performance in order to assess an individual’s competence 
[50].

Computerized mannequin-based simulation has been 
evaluated for the assessment of pediatric anesthesiology 
skills using many scenarios including bronchospasm, ma-
lignant hyperthermia, venous air embolus, laryngospasm, 
appendicitis with sepsis, airway foreign body, newborn re-
suscitation, infant seizure, postoperative apnea, accidental 
extubation, anaphylaxis, machine failure, hypovolemia, 
pulseless electrical activity, ventricular fibrillation, and local 
anesthetic toxicity [51–54]. Outcome measures have includ-
ed time taken to critical interventions [51], scenario-specific 
checklists [52–54], and the MEPA Global Rating Scale [52] 
which is an overall assessment of competence applicable to 
any scenario. Simulation-based assessment has been found 
to be reliable in pediatric anesthesia [52, 53], and there is 
also some limited evidence for validity (meaning that the 
test is measuring what is intended to be measured) [55] in 
terms of relationships to other variables: More experienced 
residents perform better on pediatric anesthesia simulations 
than more junior trainees [53]. However, as is also found in 
the simulation literature more generally [56], there is still 
much work to be done in terms of the validation of simula-
tion for pediatric anesthesiology for high-stakes purposes, in 
particular establishing the relationship between performance 

Table 21.4  Potential scenarios for a pediatric anesthesia curriculum

Hypovolemia/dehydration (recognition preinduction)
Anesthesia machine failure
Laryngospasm
Can’t intubate, can’t oxygenate
Venous air embolism
Hyperkalemia
Massive hemorrhage
Local anesthetic toxicity
Intraoperative bronchospasm
Ventilator-associated tension pneumothorax
Severe post-intubation stridor
Anaphylaxis
Neonatal laparotomy
ICP control during craniotomy
Malignant hyperthermia
Pediatric Trauma
Retained throat pack in PACU
Arrhythmia in PACU
Bleeding post-op tonsillectomy
Post-appendectomy systemic sepsis
ICP intracranial pressure, PACU post-anesthesia care unit
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in the simulator and performance in actual clinical practice, 
and also consequential validity, that is, what are the intended 
and unintended consequences of introducing high-stakes 
simulation-based assessment [57]. In the USA, The Ameri-
can Board of Anesthesiology (ABA) has made simulation a 
component of the Maintenance of Certification in Anesthesi-
ology (MOCA) process [58], although it is important to note 
that it is currently simply participation that is recognized and 
candidates are not actually assessed [59]. The process of in-
corporating pediatric aspects into the MOCA has begun [60]. 
Pediatric-specific MOCA courses are already available. A 
similar system in the UK involves physicians taking respon-
sibility for a continuous revalidation, whereby all aspects 
of practice are updated and documented compliant with a 
practice matrix. Although anesthesia simulation potentially 
satisfies a number of the items in the matrix, simulation-
based assessments are not mandated. In Canada, three times 
the quantity of continuing medical education credit per hour 
is awarded for simulation-based activities, highlighting its 
value in maintenance of skills [61].

Other tools have been used to assess nontechnical skills 
in anesthesia, such as situation awareness, decision-making, 
task management, and teamwork, and notably the Anaes-
thetists’ Non-Technical Skills (ANTS) Framework from the 
University of Aberdeen [62]. The use of simulation to test 
competence in pediatric anesthesia non-technical skills is ap-
pealing as they have been found to contribute to patient level 
outcomes [63, 64], and teaching these skills has been shown 
to improve patient outcomes including mortality [65].

Quality Assurance/Patient Safety

Simulation can be used to stress a system beyond its busi-
ness-as-usual function without the risk of patient detriment. 
It allows for the repeated rehearsal (or drilling) of complex 
interprofessional protocols with the potential for revealing 
process deficiencies or latent safety threats—deficits in the 
system or patient care pathways that have the potential to 
cause patient harm. Simulation can also be used to evaluate 
new patient care environments, as described in the evalua-
tion of a pediatric emergency department of a new hospital 
facility [66]. Based on the findings, the authors were able to 
make policy recommendations, refine patient care pathways, 
and customize environments to optimize patient safety. As 
simulation-based examinations of patient care areas become 
mainstream, there are numerous (unpublished) examples of 
new or renovated operating rooms or anesthesia areas in pe-
diatric emergency rooms being tested with simulations prior 
to introduction of real patients and real clinical care.

Environments, facilities, equipment, and policies can 
only go so far to ensure patient safety. Ultimately, the well-
being of a child under anesthesia relies on the knowledge, 

judgment, and skills of the individual practitioner. Evidence 
was recently published for the reliability and validity of be-
haviorally anchored assessment instruments for “identifying 
gaps in the competency of anesthesia residents … critical to 
patient safety” [67]. It could be argued that any simulation-
based assessment of anesthesiologist competence ultimately 
benefits patient safety.

Globalization of Pediatric Anesthesia 
Simulation

The MEPA International collaborative [68] is an internation-
ally renowned network of pediatric anesthesia simulation ed-
ucators. The network evolved from the expansion of a local 
course in Bristol, UK, in 2006 [10] and has grown rapidly to 
now becoming available in multiple centers on four conti-
nents [30, 69]. The MEPA course is also at the foundation of 
ongoing multicenter simulation research studies [52]. There 
are other international organizations to which pediatric anes-
thesia simulation educators may want to subscribe. The IN-
SPIRE network [70] has a substantial representation of pedi-
atric anesthesiologists. The Society for Simulation in Health 
care has special interest groups in anesthesia and pediatrics, 
although at this time it does not have a dedicated subgroup 
for pediatric anesthesia.

Conclusions

The evolution of pediatric anesthesia has coincided with the 
residency duty hour restrictions (USA) and the European 
working time directive, which have limited exposure to pe-
diatric anesthesia for anesthesia trainees. In the UK, this has 
meant achievement of the RCoA-recommended minimum 
numbers for advanced training is jeopardized [71]. Not sur-
prisingly, simulation has been identified as one of a range of 
solutions to address this shortfall. As described above, simu-
lation is already a mandatory component of an anesthesiolo-
gist’s maintenance of certification, and this is only likely to 
extend across more jurisdictions. Several studies have shown 
that an anesthesia team with pediatric experience can sig-
nificantly lower perioperative mortality and morbidity in 
children [72, 73]. One prominent study analyzing data on 
perioperative deaths concluded that anesthesiologists should 
avoid occasional pediatric practice [74]. From a practical 
perspective, rural or remote hospital practice means that this 
recommendation is unfeasible. This is another opportunity 
for simulation-based maintenance of knowledge and skills. 
This could involve anesthesiologists with occasional com-
mitment to pediatric anesthesia travelling to tertiary centers 
for center-based courses or pediatric anesthesia outreach, 
where the tertiary center brings a travelling road show of 
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mobile in situ simulation to the host hospital. There are suc-
cessful precedents for both models. While much pediatric 
anesthesia simulation research to date has been investigating 
simulation as a modality, it is likely that we will witness the 
increasing use of simulation as the tool by which some other 
aspect of pediatric anesthesia is evaluated, be it new facili-
ties, patient care pathways, or critical event preparedness.
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Simulation Pearls

1. Simulation in pediatric surgery is an educational tool that 
can be used within the context of a greater surgical educa-
tional curriculum.

2. The growing availability of pediatric task trainers and 
procedure-specific trainers allows for dedicated practice 
outside of the operating room to achieve and maintain 
clinical competency.

3. Target learner-specific needs when choosing type and 
 fidelity of simulation modality for training.

Introduction

Giving consent to the assault of surgery—the cutting of 
flesh and manipulation of organs—trusts at the most basic 
level that your surgeon is capable. Yet, there is a list of as-
sumptions that the naive patient must make, including but 
not limited to, graduation from a surgical residency informs 
competency, passing board exams demonstrates adequate 
knowledge and judgment, and the referral process is based 
on reputation and expertise. Training a surgeon initially to 
achieve competency, and subsequently maintaining compe-
tency, poses a unique set of problems and ethical dilemmas. 
At many steps in training we must appreciate the learning 
curve and recognize potential pitfalls for the patient. Pre-
ventable harm can occur to a patient unless proper measures 
are taken during skill development and gaining of expertise. 

Unlike professional sports, we do not publicly debate the 
merits of surgeon qualities or breakdown performance after 
each procedure. After a poor showing, a surgeon generally 
risks no demotion to the minor leagues or worse yet being let 
go completely. This assumes of course that a tragic outcome 
has not occurred—rather than a game lost—a patient dies or 
suffers a debilitating injury prompting suffering for both the 
patient and the family, as well as potential legal action and 
physician delicensing. The practicing surgeon does not work 
under the public spotlight but is somehow trusted to per-
form competently. Perhaps this is even more relevant when 
the patients are children, judged to be the most vulnerable 
in society, and seemingly deserving of only top performers. 
The aim of this chapter is to explore the role of simulation 
in training pediatric surgeons and maintaining their surgical 
skillset.

Deliberate Practice in Surgical Education

It has been recognized in medicine and across other profes-
sional domains that experience is not necessarily tied to objec-
tive performance. According to Eriksson, consistent improve-
ment towards superior performance can be achieved through 
a combination of setting task-specific goals, timely feedback, 
and opportunity for repetitive performance [1]. Such sched-
uled activity is termed deliberate practice (DP). Developing 
expert surgical competencies goes beyond achieving automa-
ticity in movement but ability to evaluate, problem-solve, and 
adapt to a changing and challenging environment. From an 
ethical perspective, can we accept the notion that it takes 10 
years plus or 10,000 hours to achieve expertise while simulta-
neously credentialing fresh new surgeons to manage rare and 
complex pediatric surgical diseases? In the current appren-
ticeship model of surgical training in North America, there 
are evolving barriers to safe and efficient training. Program 
directors somehow must address declining case exposure and 
independence secondary to restricted work hours [2–4] and 
perceived litigious risk. The threat to repetitive exposure, and 
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opportunity for DP, goes beyond training given the evidence 
of declining case volume to surgeon ratios once in practice [5, 
6]. Pediatric surgery is perhaps at greatest risk of these chal-
lenges given the smaller population demographic and rarity 
of index pediatric surgical diseases. Junior attending surgeons 
are performing less than four cases per year respectively for 
gastroschisis/omphalocele, anorectal malformation, con-
genital diaphragmatic hernia (CDH), esophageal atresia, and 
Hirschprung disease [6]. Median experience for choledochal 
cyst, portoenterostomy, sacrococcygeal tertaoma, laparotomy 
for trauma, and others was zero.

Operative case volume of graduating pediatric surgery 
residents at first glance has changed little over the past de-
cade [7]. Despite a documented increase in the number of 
graduating pediatric surgical trainees in North America, 
mean case volumes remain intact but with significant vari-
ability in operative experience. We are witness to many 
residents/fellows graduating with one or fewer specialty-
defining cases. Findings show that the average pediatric sur-
gery resident completes less than five and in some cases zero 
esophageal atresia repairs, choledochal cyst excisions, por-
toenterostomies, or resections of sacrococcyceal teratoma [7, 
8]. Of further concern is that general surgery residents, many 
of whom will care for children at significant geographic dis-
tance from major pediatric centers, seem to be doing fewer 
pediatric cases [9]. It is not known what factor is driving 
this trend, but the decline in operative exposure does not ap-
pear related to classified index cases, considered the domain 
of fellows or more senior trainees. Cases appropriate for a 
community institution such as inguinal and umbilical hernia 
repair dropped from 26.7 cases per North American general 
surgery resident to 18.5, a 30.7 % drop from the 1989–1990 
academic year through 2007–2008 [9]. Since volume–out-
come relationships are a well-described phenomenon across 
multiple surgical specialties, a drop in cases gives pause for 
concern. Indeed superior outcomes have been demonstrated 
in association with volume or specialty training for pediat-
ric extracorporeal membrane oxygenation (ECMO) [10, 11], 
pyloromyotomy [12, 13], appendectomy [14], urology [15, 
16], and cardiac surgery [17].

In a 1974 editorial, William Tunell wrote:

The dilemma for pediatric surgeons is to meaningfully supple-
ment and influence the education of general and thoracic sur-
gical residents, anticipating that general and specialty surgeons 
will continue to provide most of the surgical care to children, 
while at the same time maintain an elitist view of neonatal and 
uncommon children’s surgery as the province of the pediatric 
surgeon [18].

While there has been an explosion of pediatric surgeons in 
North America, much of the dilemma remains the same. If 
there is an expectation for our general surgery trained sur-
geons to be performing less complex procedures, then we 
must consider methods for replacing these diminishing 

cases. Further, if the province of the pediatric surgeon is to 
perform neonatal and uncommon surgery, in the presence of 
a growing pediatric surgery workforce, we must consider 
replacing real-life experience with some alternative. Simu-
lation represents a viable option for not only training these 
techniques but also for ongoing maintenance of skills.

Evolution of Simulation in Pediatric Surgery

The steep advancement of technology, specifically tools 
making minimally invasive surgery (MIS) a reality, repre-
sents a major change in the delivery of surgical care over the 
past 20 years. The potential patient-level benefits, primarily 
lessened pain, fewer wound complications, and improved 
cosmesis, are now rarely debated. Innovation continues with 
the development of high-definition equipment, single-port 
and endoluminal surgery. Of the surgical specialties, pe-
diatric surgery is somewhat unique in that all trainees will 
have completed adult residency programs. Knowledge and 
surgical techniques learned in adult training are leveraged 
to expand the skillset of the pediatric subspecialist. The cur-
riculum of most generalist training programs provides ex-
posure to realistic models (low- and high-fidelity trainers), 
virtual reality trainers (computer based), and scenario-based 
training [19].

Widely recognized and adopted at many levels is the Fun-
damentals of Laparoscopic Surgery (FLS) program devel-
oped by the Society of American Gastrointestinal and Endo-
scopic Surgeons (SAGES) based on the McGill experience 
[20]. Here, surgeons are exposed to a web-based curriculum 
plus basic manual skills in peg transfer, cutting, suturing, and 
intracorporeal knot tying. Construct validity has been dem-
onstrated in its ability to make distinction between novice 
and experienced operators with some evidence of concur-
rence validity in its ability to transfer skills to the operating 
room (OR) [21]. Successful completion of the FLS program 
is now embedded in adult general surgery training programs 
and is an eligibility requirement prior to writing the Ameri-
can Board of Surgery (ABS) exams.

Pediatric surgeons further expand on this skillset to per-
form such tasks as delicate dissection, suturing, and intracor-
poreal knot tying in a much smaller domain and limited field 
of vision. For example, the technical demand of a thoraco-
scopic tracheoesophageal fistula (TEF) repair is clearly an 
advanced skillset but is absolutely rooted in generalist train-
ing principles. Using a computer simulation model, Hamil-
ton et al. demonstrate that space limitations distinguish the 
adult and pediatric surgeon [22].

The impact on training is not as well understood. Many 
surgical educators are themselves early in the MIS learning 
curve, and only when expertise is achieved will there be a 
shift downward to junior trainees. As one example, general 
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surgery residents are doing fewer pyloromyotomy proce-
dures in association with greater adoption of the laparoscop-
ic technique [23]. Certainly there is evidence that involving 
residents in MIS procedures increases operative time and 
perhaps morbidity [24]. The opportunity for DP outside of 
the OR has the potential to decrease the technical learning 
curve with improved patient outcomes and OR efficiency. In 
fact, one of the first pediatric surgery simulators described 
in the literature is for the laparoscopic pyloromyotomy 
(Fig. 22.1, [25]). The adoption of MIS for pyloric stenosis 
is not alone, with techniques exploding for gastroesophageal 
reflux disease [26], intussuception [27], intestinal atresia 
[28], and CDH [29].

Scaffolding on previous training is instrumental for the 
ability to take on more difficult tasks, but there is potential 
for unintended consequences. In the North American con-
text, individuals entering a pediatric surgery residency do 
so having minimum 5 years of prior training and thus come 
with an already heightened expectation of performance. In-
stead they are respectively met with new physiology, unique 
disease patterns, and distinct surgical requirements, putting 
performance at risk. Preventable errors, particularly in sur-
gical patients, occur more frequently in pediatric academic 
centers compared to community institutions [30], although 
the relationship to trainees is not well elucidated.

Not surprising, pediatric surgeons and residents alike 
perceive simulation as beneficial to training [31]. Only half 
of those surveyed, however, had regular access to pediatric 
simulators and even fewer identified self-improvement with 

such training. The implication for educators is multifold: 
There is an apparent lack of appropriate pediatric simulators, 
there is a lack of DP on simulators, and hypothetically, incor-
porated simulation curriculum represents untapped potential 
to improve skills more efficiently.

Incorporating Simulation into a Pediatric 
Surgery Curriculum

The development of simulation programs and centers is a 
daunting task and requires much time and effort. Often the 
role of the simulation program in the overall educational en-
terprise can be overlooked. Simulation is a powerful educa-
tional tool for teaching and assessment. However, it remains 
a tool. As a simulation program becomes integrated within 
the overall educational enterprise, its true potential is fully 
realized. Modern surgical training programs are a complex 
enterprise with many educational activities culminating in a 
competent graduate who, depending on the program, is inde-
pendent practice ready. The plan that guides this educational 
enterprise is the curriculum.

The curriculum identifies the components of educa-
tion that are necessary for the learner. These components 
are distributed across all skill domains including cogni-
tive, technical, and behavioral. Accrediting bodies have 
attempted to capture these components in various models, 
including the Accreditation Council for Graduate Medi-
cal Education (ACGME) core competencies (Table 22.1, 
[32]) and the Royal College of Physicians and Surgeons 
of Canada (RCPSC) Canadian Medical Education Direc-
tion For Specialists (CanMEDS) competencies (Table 22.2, 

Fig. 22.1  Pyloric stenosis model. Using simple materials a hyper-
trophied pylorus can be mass produced. The inanimate structure can 
then be placed into a standard task trainer for dedicated practice of 
performing an appropriate pyloromyotomy. Trainees can then practice 
(1) a linear cut in the serosa, (2) crack the muscle, and (3) complete 
the myotomy with adequate spreading until the respective limbs move 
independently. (Provided by: Dr. Joseph A. Iocono, M.D. Associate 
Professor of Surgery and Pediatrics, Division Chief, Pediatric Surgery, 
Kentucky Children’s Hospital. University of Kentucky. Reproduced 
with permission)

 
Table 22.1  ACGME core competencies

Patient care
Medical knowledge
Practice-based learning
Interpersonal and communication skills
Professionalism
Systems-based practice
ACGME Accreditation Council for Graduate Medical Education

Table 22.2  CanMEDS competencies (2005) [33]

Medical expert
Professional
Communicator
Collaborator
Manager
Health advocate
Scholar
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Fig. 22.2, [33]). These frameworks continue to evolve with 
the ACGME adopting milestones effective July 1, 2014 [34] 
and the RCPSC developing CanMEDS 2015 [35]. Moving 
forward, trainees will progress on the basis of prescribed 
competency milestones. Conversely, accreditation of pro-
grams will be dependent on a structured curriculum that 
supports this comprehensive skill acquisition. Table 22.3 
contains an abbreviated milestones document that guides 
curriculum for the topic of Hirschprung’s disease at the au-
thor’s institution.

These overarching competencies have had a profound 
effect in shaping current training paradigms. Each program 
however must develop its own unique curriculum to teach 
and assess these overarching competencies. This curricu-
lum is what guides the learner’s education and is what the 
simulation program must be guided by. In order to meet the 
overall objectives, learners will undertake a number of edu-
cational activities. These include mandatory clinical rota-
tions, electives, academic half-days, grand rounds, as well 
as a plethora of other undertakings, including simulation. 
Each of these activities should be guided by clear and mea-
surable objectives. The following example further illustrates 
this point.

An example of key surgical objectives would include:

Describe the characteristics and use of commonly used sutures 
in General Surgery

or
Demonstrate efficient and consistent closure of the fascia with 
a running suture.

The first objective is clearly cognitive and a necessary ob-
jective for the surgical learner. The second is more techni-
cal. While both are related, they can be taught and assessed 
together or separately. The program must teach and assess 
these objectives for each learner. Each program should 
choose the best teaching and assessment modality for these 
objectives. There is no prescriptive best method of teaching 
and indeed each program may have a different but equally 
acceptable approach. One program may choose a didactic or 
e-learning methodology for the cognitive objective while the 
other may do this integrated in the technical teaching in the 
simulation program. Similarly, assessment of a cognitive ob-
jective could be by written assessment (MCQ, short answer, 
etc.) or as part of the skills assessment.

While the description given above infers that the teaching 
and assessment are done once and in isolation, this is not 
true. Important teaching points must be revisited at an ever-
escalating sophistication throughout the overall curriculum. 
This spiral curriculum, where key learning is revisited and 
enhanced, is part of a modern curriculum that needs an over-
arching master plan. This planned repetition is beneficial.

As such, all simulation activities must have objectives that 
are guided by the program’s curriculum and objectives. These 
objectives should be mapped directly back to the program 
objectives. Making these links clear in all documentation and 
descriptions for simulation events inform our teachers and 
learners as to how the simulation activities are integrated into 
the overarching educational program. This documentation of 
the linkage is called a curricular map or blueprint. This blue-
print is a characteristic of a very mature program.

As previously mentioned, simulation can be used to teach 
virtually any aspect of the curriculum across all of the com-
petencies and in any domain (cognitive, technical, and behav-
ioral). The key is that the objectives of the simulation activity 
be clearly defined and guided by the program curriculum. 
This can be difficult, particularly when a simulation curricu-
lum has been developed outside of the program curriculum. 
Furthermore, many educational activities have multiple learn-
ers. These can involve different levels (medical students, resi-
dents, and practicing physicians) or disciplines. If disparate 
learners are involved the objectives should map back to all of 
their respective curricula. This further enables the concept of 
learner-specific objectives and is a powerful way to further 
define and refine the objectives for each learner.

Fig. 22.2  The CanMEDS physician competency framework describes 
the knowledge, skills, and abilities that specialist physicians need for 
better patient outcomes. (Copyright © 2005 The Royal College of Phy-
sicians and Surgeons of Canada. http://rcpsc.medical.org/canmeds. Re-
produced with permission)
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Simulation and Evaluation

Simulation has been well established as an educational mo-
dality, particularly as a tool to provide feedback (typically 
formative) to the learner. However, another area that is rap-
idly emerging is the use of simulation for high stakes sum-
mative assessment (see Chap. 7). An example of this is the 
use of Objectively Structured Clinical Examinations in the 
United States Medical Licensing Exam and the Canadian 
Medical Licensing exams.

The use of simulation has further been studied and val-
idated in the assessment of technical skills . Various tools 
such as the Objective Structured Evaluation of Technical 
Skills (OSATS) have been developed to assess technical 
skills [36]. These tools can be used by simulation programs 
to assess learner competence [37]. Building on this work, 
validated assessment programs have been developed, such 
as the aforementioned FLS Program [38]. The value of this 
program is best demonstrated by its use in surgeon certifi-
cation. FLS has been adopted by the ABS, and successful 
completion is now a requirement for all individuals before 
eligibility to take the ABS examination.

Individual programs have used simulation to a varying 
extent as an assessment tool. However, this is increasing as 
simulation programs further develop and mature. As with 
teaching, the assessment program using simulation must be 
mapped to the educational curriculum of the learner. An ex-
emplary program will have an assessment as well as a teach-
ing map or blueprint that clearly demonstrates where all 
assessment activities take place and the specific modalities 
used. One specific example of the need to tailor simulation 
to the needs of the learner is evidenced by the findings of 
some early adopters in pediatric surgery simulation [39]. A 
relatively unsophisticated program was developed to mimic 
pediatric-specific activities in which a small box was used 
for peg transfer and pattern cutting in a see-through environ-
ment. Peg transfer, clip application, and wire twisting in a 
standard laparoscopy trainer followed these tasks. The au-
thors found no improvement for individuals with prior lapa-
roscopic experience (defined as > 10 cases) but closed the 
gap for those surgeons with no previous experience. In the 
context of today’s learner, only medical students or the very 
junior surgical resident is likely to benefit from this type of 
activity.

Another group evaluated a hybrid curriculum consist-
ing of task trainer exercises plus time on a virtual reality 
(computer-based) trainer for MIS-inexperienced pediatric 
surgeons [40]. At baseline, performance of the pediatric 
surgeon was weaker compared to the adult surgeon with re-
spect to the number of completed sutures and time to com-
plete suturing tasks. However, following the training pro-
gram the gap was essentially eliminated, albeit at the conse-
quence of an increased number of errors. Specifically, there 

was an increase in the number of suture deviations from the 
intended target, an increase in the number of injuries to the 
task sheet materials, and a greater number of loose sutures. 
Given that the study was done on an adult model, it does 
not begin to address advanced skills or pediatric-specific is-
sues but does demonstrate potential for learning. Converse-
ly, there is the suggestion that simulation models may also 
teach short cuts, perhaps gaming to method of evaluation 
(time) and thereby improving scores, but at potential risk of 
good technique.

Nearly all residents/fellows in accredited pediatric sur-
gery training programs in North America incorporate a se-
ries of postgraduate courses into their respective curricula. 
For example, senior fellows now travel for a hands-on ad-
vanced MIS course that uses a variety of models (both low- 
and high-fidelity task-trainers as well as animal models) to 
practice advanced MIS techniques with significant mentor-
ing. Initially held for first-year fellows, only recently has it 
moved to a second-year course with a higher degree of dif-
ficulty given the progression of baseline skills coming out of 
surgical residency.

Simulators in Pediatric Surgery

The core skills of a surgeon are those that enable safe, ef-
ficient, and reproducible outcomes in the OR. Training for 
high-level performance is certainly more complex as lofty 
competencies in decision-making and adaptability become 
increasingly important. How best then to train a pediatric 
surgeon novice in a given skillset, technique, or procedure? 
Can this be done outside of the OR where patient risk is 
avoided and OR efficiency is unaffected?

There are two competing, yet complementary, approaches 
to teaching surgical skills using simulation. First is to teach 
and practice specific skills that can then be transferred into 
the OR environment. Second is to recreate or mimic entire 
operations from start to finish. There is growing evidence 
that the level of fidelity required is dependent on the level 
of the learner [41]. Lower fidelity platforms are perhaps 
more appropriate for the novice learner to develop such 
skills as cutting, suturing, and intra-corporeal knot tying. 
Higher fidelity simulators represent an opportunity to de-
velop procedure-specific skills such as incision and port 
placement, anatomical dissection, tissue manipulation, and 
intraoperative decision-making. The general thinking is that 
the higher-level learner will benefit more from an immersive 
experience that essentially replicates an operation [41–43]. 
Interestingly, this is somewhat in conflict with the findings 
of medical-based simulation research where in resuscitation-
based scenarios the trueness of physical exam findings do 
not necessarily impact the perceived realism by the learner 
[44].
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To this end, there are a number of part-task trainers de-
signed to recreate pediatric anatomy and allow training in 
emergency airway management, vascular access, chest tube 
insertion, and point of care ultrasound use. Examples of 
these products include: TraumaChild (Fig. 22.3) and Vas-
cularAccessChild System (Simulab, Seattle, WA, USA), 
AirSim Baby, AirSim Child, and Pediatric FAST/Acute Ab-
domen Phantom (Limbs and Things, Bristol, UK), Pediatric 
4 Vessel Ultrasound Training Block Model (Blue Phantom, 

Redmond, WA, USA), and SimJunior (Laerdal, Wappingers 
Falls, NY, USA) (See Chap. 10 for details).

The first validated pediatric laparoscopic task trainer was 
developed at The Hospital for Sick Children in Toronto, 
Canada [45, 46]. The pediatric laparoscopic surgery (PLS) 
simulator is similar to the SAGES/FLS adult trainer but re-
duced in dimension by a factor of 20 (Fig. 22.4). The authors 
took measurements of infants over the course of a year to de-
termine the appropriate dimensions. Like the FLS program, 
the PLS simulator has been shown to discriminate between 
less- and more-experienced MIS surgeons suggesting con-
struct validity. Data is still lacking as to whether it actually 
improves intraoperative efficiency or more importantly su-
perior patient-level outcomes.

Procedure-specific simulators are slowly becoming avail-
able in pediatric surgery but have not yet become main-
stream. Drawing from the experience of bile duct injuries 
in the early days of laparoscopic cholecystectomy, it is 
recognized that the surgeon learning curve may adversely 
affect outcomes. Surgeon specialty (pediatric surgeon vs 
general surgeon; [12, 47]) and surgical volume [48] impacts 
quality of pyloromyotomy reflected in higher mucosal per-
foration rates or inadequate muscle split even in the open 
surgical experience. Similarly, there is evidence that lapa-
roscopic pyloromyotomy has a higher rate of complications 
when performed by less-experienced trainees. Haricharan 
et al. showed that general surgery residents (postgraduate 
year; PGY 3–4) had a 5.4-fold increased risk of causing a 

Fig. 22.3  TraumaChild (Simulab, Seattle, WA, US) models a 5-year-
old body and allows trainees to practice chest tube insertion (as pic-
tured with blood loss), cricothryoidotomy, percutaneous tracheostomy, 
pericardiocentesis, and diagnostic peritoneal lavage. (Reproduced with 
permission of Simulab)

 

Fig. 22.4  A comparison of the 
adult FLS simulator to the PLS 
system. The pediatric simula-
tor is smaller than the adult 
simulator by a factor of 20. PLS 
pediatric laparoscopic surgery, 
FLS fundamentals of laparoscop-
ic surgery. (Image provided by: 
Dr. Georges Azzie MD, Assistant 
Professor, Sick Kids Hospital, 
University of Toronto, Toronto, 
Ontario, Canada. Reproduced 
with permission)
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 mucosal perforation during the procedure compared to a pe-
diatric surgery resident (PGY 6–7) even when supervised by 
an experienced attending surgeon [49]. Such data not only 
further discriminates the need for subspecialist care but also 
suggests that those less experienced may benefit from prac-
tice before actually performing on a live infant. Indeed, this 
learner could be a surgical resident new to pediatric surgery, 
as described, or perhaps a senior pediatric surgeon new to the 
MIS technique. A number of models for laparoscopic pylo-
romytomy have been described in pediatric surgery circles, 
but only one has been published to date [25]. In this model, 
a surgical glove is pulled through the lumen of an olive to 
recreate the force characteristics of a hypertrophied pylorus. 
The benefit of such a model is that it is easily reproducible 
and inexpensive.

The role of thoracoscopy and laparoscopy in the neonate 
is controversial [50] but is being attempted for such diseases 
as CDH, esophageal atresia with TEF, and congenital intes-
tinal atresias. The description of simulators for these disease 
entities is limited but evolving. A group in the USA has led 
the way in developing an innovative neonatal thoracic model 
combining a 3D-printed plastic thorax and bovine mediasti-
nal tissues ([43, 51]; Fig. 22.5). The esophagus and trachea 
are surgically altered to create a proximal esophageal atresia 
and a distal TEF, representing the most common variation of 
TEF. When used by pediatric surgery residents, the model 
performed well on initial validation studies scoring high in 
the domains of relevance, physical realism, realism of ex-
perience, realism of materials, and overall value. The same 
group has modified the simulator to create a construct for 
CDH and duodenal atresia.

Another technique for replicating the surgical anatomical 
environment is the use of animal models. Animal models of 
TEF are described [52], although work is ongoing to replace 
the need for bovine or other animal components with synthet-
ic materials to improve availability, avoid the intrinsic ethi-
cal difficulties, and potentially reduce cost [51]. It remains 
to be seen if MIS will supplant traditional open surgery for 
TEF given concerns of intraoperative carbon dioxide reten-
tion and potential for higher anastamotic complications. It 
is the opinion of these authors that given the infrequency of 
these cases and the technical demand, dedicated practice is 
clearly indicated.

One specific challenge to surgical educators with the ex-
plosion of MIS technique may be the lack of available open 
procedures in surgical training. The surgical decision to con-
vert a laparoscopic case back to a traditional open operation 
may actually be impaired or limited by the lack of case ex-
posure. At this point, the authors are unaware of any open 
abdominal surgery pediatric simulator. An excellent example 
of a program designed to maintain exposure to traditional 
open surgery is the American College of Surgery (ACS)-
based Advanced Trauma Operative Management (ATOM) 

course, which requires participants to identify and surgically 
repair traumatic injuries in an animal (porcine) model. Trau-
ma surgery principles remain the same regardless of patient 
age and certainly a smaller animal model could be used to 
specifically mimic a pediatric setting. The limitations of the 
development of such models remain ethics, cost, and avail-
ability. The American College of Surgery Advanced Trauma 
Life Support (ATLS) course has transitioned its use of animal 
models to mannequin-based ones for such skills as chest tube 
insertion and surgical airways. Open models, both synthetic 
and animal, have been described for dedicated Extra Corpo-
real Life Support (ECLS) cannulation [53–56]. As part of a 
structured curriculum consisting of cannula insertion through 
multidisciplinary resuscitative simulations, improvements in 
individual knowledge and skill have been demonstrated, as 
has team functioning as a whole [53, 57]. At our institution, 
a combination of animal labs, high-fidelity vascular access 
mannequins, and scenario-based simulations were used to 
bring online a successful ECLS program  despite widespread 
prior inexperience [57]. Figure 22.6 demonstrates how dedi-
cated practice on lifelike mannequins can result in successful 
patient outcomes.

Fig. 22.5  Neonatal thoracic cage model created through 3D printing 
technology. (Reprinted with permission from Elsevier [43])
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The reality is that the evidence to support simulation in 
pediatric surgery is minimal. Beyond the data mentioned 
above where some simulators seem to have content valid-
ity (judged to be realistic by its users) and construct validity 
(ability to measure differences in skill), there is little to no 
data to suggest actual improvements in outcome. Fortunate-
ly, the results of investigation in this area are forthcoming. 
Subsequent to their early work developing the PLS system, 
Nasr and Azzie are using motion and force analysis to ana-
lyze an individual’s movements, hopefully targeting specific 
skills and educational interventions in real time [58]. Wheth-
er surgical simulation is worth the buzz remains to be shown 
but we are likely to see a proliferation of literature to this 
point in the near future.

Scenario-Based Team Training in Pediatric 
Surgery

Training a surgeon in the twenty-first century is certainly 
more than just training one individual in a procedural skill. 
The expectation is that surgeons are contributing members 
of a team, able to effectively communicate with patients and 
colleagues, and become advocates in the community. Com-
petency-based frameworks in surgical education now reflect 
these expectations with significant weighting to non-medical 
expert domains. Indeed, the expectation of such skills may 
be higher and more demanding in the pediatric population, 
especially with the addition of an alternate caregiver (i.e., 
parent) in the equation. Many of the concepts for team-based 
training and crisis resource management are discussed else-
where in this book (see Chap. 4). In the surgical realm, a 
number of non-pediatric-specific courses are offered such as 
the ACS Leadership course. ATLS, which combines didac-
tic lecture with skill practice and case-based simulation, has 
been shown to improve trauma resuscitation skill and confi-
dence but the greatest improvement may be in team behav-
ior [59]. A new simulation-based course in pediatric trauma, 

Trauma Resucitation in Kids (TRIK, RCPSC) is likely to 
have a similar effect. Refer to the RCPSC website for more 
details [60].

Greater attention is certainly being paid to the role of the 
interprofessional team in preventing adverse events. Simula-
tion training in the OR is often centered around emergent 
scenarios with the aim to improve team communication and 
efficiency. Despite barriers to implementation such as staff 
recruitment and cost, it has been shown to be both feasible 
and have favorable outcomes, such as increased knowledge, 
confidence, and team communication [61–63].

The Global Perspective

Barriers to subspecialty pediatric surgery access include 
geographic distance and resource-limited environments (see 
Chap. 25) [64]. In developing countries, the ratio of practic-
ing pediatric surgeons to population size is alarmingly small. 
Techniques considered standard of care in much of the world 
are less available due to economic limitations and lack of 
expertise. As resources allow, there has been an increased 
interest in learning these techniques. A 3-day FLS course run 
in Botswana, Africa, was able to significantly improve the 
technical skill of surgeons [65]. Of the 20 surgeons partici-
pating, the median laparoscopy exposure prior to the course 
was only 4.5 cases, likely contributing to the 10 % overall 
pass rate. Participants however did significantly improve 
on each of the FLS tasks as well as the total FLS simulator 
score. In a setting of limited resources, 11 surgeons reached 
adequate competency to pass the manual skills portion in just 
3 days. Assuming that the advantages of MIS will also ben-
efit patients in these developing countries, how best to train 
surgeons in these techniques? It is clear that compact courses 
may improve skill but do not replace ongoing learning, ex-
perience, and mentorship. In addition, the cost and human 
resources required to deliver these courses are prohibitive. 
Telesimulation, a teaching method in which simulators are 

Fig. 22.6  a Modified manne-
quin to practice neck cannulation 
for extra corporeal life support 
(ECLS). b First patient undergo-
ing  cannulation following a dedi-
cated curriculum to introduce an 
ECLS program. (Photo courtesy 
of KidSIM Pediatric Simulation 
Program, Alberta Children’s 
Hospital)
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linked between instructor and trainee in different locations, 
is a promising alternative [66, 67]. Using the Internet so that 
teachers and trainees can see each other as well as their re-
spective laparoscopy simulators has been shown to be supe-
rior to self-practice [66]. This fits the Eriksson model of DP, 
where constructive feedback in the setting of practice speeds 
development of performance. Applied to pediatric resuscita-
tion and procedural skills, telesimulation has been shown ef-
fective for teaching intraosseous insertion techniques across 
great distances [67].

New Technologies and the Future of Simulation 
in Pediatric Surgery

Innovation and technology continue to advance at an incred-
ibly fast rate. It would be foolish to predict the appearance 
of surgery in the generations to come. Already, advances in 
medical imaging and interventional radiology techniques are 
changing the surgical landscape. Three-dimensional printers 
are being used to develop high-fidelity simulators but could 
one day be developed for patient-specific planning and sur-
gical dry-runs. Animal models continue to be phased out, re-
placed by synthetic models, and perhaps one day completely 
by virtual reality. In the OR, 3D-MIS is in its infancy and 
will likely require expansion of skill prior to hitting prime-
time. Most of all, we must remember that simulation is mere-
ly a tool and needs to be kept within the context of a planned 
curriculum. To do this, we must involve our learners as well 
as our patients in terms of expectations and maintaining our 
contract with society. One example is the use of social media 
to broadcast surgical procedures around the world with the 
ability for live interaction with the surgical team. The po-
tential reach to learners is tremendous so long as the risk to 
patients is mitigated.

Conclusions

Simulation in pediatric surgery is in its infancy. Dedicated 
surgical educators continue to build the literature, but to date 
there is little hard evidence linking surgical simulation to an 
improvement in actual patient outcomes. Simulation howev-
er likely represents the most promising educational interven-
tion to combat declining case exposure and independence for 
learners of all levels.
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Simulation Pearls 

1. Communication in healthcare can be as straightforward as 
a personal introduction to patients/parents or as complex 
as delivering bad news.

2. Skillfully conveying both factual content and navigating 
the emotional experience takes skill and practice.

3. Simulation methodology can train healthcare providers to 
better navigate all healthcare communications.

Introduction

Conversations between healthcare providers, patients, and 
families unfold constantly across clinical settings. From ev-
eryday clinical encounters to challenging situations such as 
when sharing serious new diagnoses, broaching end-of-life 
issues, or discussing adverse medical outcomes, these con-
versations matter [1]. For each test, procedure, or surgery that 
must be conducted, there are typically one or more accom-
panying conversations. Care discussions are ubiquitous. To 
punctuate the point, it is estimated that the average physician 
will hold between 160,000–300,000 medical interviews and 
conversations over the course of a 40-year career [2]. The 
research is convincing that practitioners’ communication and 
relational skills are associated with improved patient health 
outcomes, better treatment adherence, fewer medication er-

rors, less malpractice litigation, and greater patient and clini-
cian satisfaction [3]. Yet, practitioners often describe mini-
mal training, lack of skillfulness, and diminished confidence 
when holding these important conversations [4]. Simulation 
can be part of the solution to address this pressing need.

Conversations in healthcare typically include a combi-
nation of factual information and emotional aspects. Fac-
tual information may include laboratory results, radiologi-
cal findings, differential diagnoses, treatment plans, and 
education about particular diagnoses. The emotional aspects 
of the communicative encounter include responses such as 
disbelief, sadness, anxiety, anger, fear, frustration, relief, and 
confusion, among others. Patients and family members have 
their emotional responses, as do healthcare providers. For 
example, factual information of healthcare conversations 
may be a blood test that suggests a diagnosis of diabetes. 
The emotional aspects of the conversation, for the patient, 
family, and provider, are the feelings, memories, and asso-
ciations these facts may trigger. The child may be fearful and 
wonder when they will feel better. Parents may be sad and 
overwhelmed, wondering how the diagnosis will affect the 
child’s daily life, nutrition, friendships, and development. 
Healthcare providers might experience relief that the tests 
did not indicate cancer and be confused that the family does 
not seem relieved. Simulation allows healthcare providers 
to practice the full spectrum of healthcare conversations, 
tailored to the learners’ needs and course objectives. In this 
chapter, we will share some examples of the full spectrum of 
healthcare conversation simulations, progressing from those 
with greater factual content to those with higher emotional 
content. Please see also Chap. 4 (“Simulation-based Team 
Training”) for additional discussions about teamwork and 
communication.
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Introductions and Setting the Stage for the 
Clinical Encounter

Although seemingly minor, the manner in which  healthcare 
providers introduce themselves, and the message that is con-
veyed during those first few moments, sets a tone for the 
clinical encounter and the relationship. As we know, one 
does not get a second chance to make a first impression. 
Clinical introductions can range from “Hello, I’m Jenni-
fer” to “I’m Jennifer, part of the pediatric team” to “Hello, 
I am Doctor Jennifer Reid. I am the resident physician on 
the pediatric medicine team who will be taking care of your 
daughter Sarah today.” New physicians, for example, can ex-
perience discomfort when introducing themselves as doctor. 
It is not unusual for healthcare providers to simply refer to 
themselves by their subspecialty, such as renal or anesthe-
sia, which diminishes the personhood of the provider and 
leaves the family wondering who they are. Another common 
issue can arise when healthcare providers simply introduce 
themselves as the covering nurse or physician implying only 
a temporary role that might leave the family worrying about 
the level of investment in the care and the cohesiveness of 
the teamwork [5]. This discomfort on the part of healthcare 
providers can be reflected not only in the words care provid-
ers use or do not use when they introduce themselves, but 
also in their tone of voice, posture, and nonverbal commu-
nication.

From the patient and family perspective, “Hello, I’m 
Jennifer” may seem friendly and welcoming to some, but 
to others may be viewed as too casual and leave the family 
uncertain about the person’s role or level of experience. Such 
an introduction could unwittingly undermine the healthcare 
provider’s role and expertise, derail the establishment of the 
therapeutic relationship, or compromise care. When multiple 
providers wear scrubs and look the same, it can be under-
standably hard to distinguish among clinical support staff, 
nurses, and physicians. Under these circumstances and in 
busy clinical settings, introductions become even more im-
portant. Something as seemingly straightforward as an intro-
duction, that clarifies an individual’s name and role within 
the healthcare team, can benefit from forethought and prac-
tice in the context of simulation.

At the Program to Enhance Relational and Communica-
tion Skills (PERCS) workshops, offered by the Institute for 
Professionalism and Ethical Practice at Boston Children’s 
Hospital, realistic enactments with professional actors have 
been used to help physicians and healthcare staff reflect on, 
craft, and practice their introductions and the art of holding 
challenging conversations in healthcare [3, 6, 7]. Is it more 
comfortable and effective to introduce oneself as “Jennifer” 

or “Dr. Jennifer Reid”? How does one describe their role and 
their place on the team, in terms that children and family 
members can understand? As a respiratory therapist or the 
unit psychologist, for example, how does one convey the 
clinical role, describe their part within the team, and instill 
confidence? Should one shake hands, or not, especially in 
settings where hand washing is all-important to combat the 
spread of infection? The process of learning is iterative and 
includes interprofessional peers, actors, and faculty members, 
some of whom are patients and family members. Healthcare 
providers take turns simulating introducing themselves and 
then hold challenging conversations with simulated patients 
and their families. After each simulation, providers give and 
receive feedback from each other, continuing the simulation 
process until they develop an introduction style that is clear, 
comfortable, and effective. Throughout the workshops, 
healthcare providers learn and practice a myriad of commu-
nication skills, have the opportunity to observe others, and 
receive individualized feedback. Interprofessional learners 
who have participated in the workshops report greater sense 
of preparation and confidence, greater communicative skills 
and ability to establish relationships, and reduced anxiety in 
holding difficult conversations [7, 8]. Examples of difficult 
conversations are discussed later in this chapter.

Obtaining a History

Simulation has long been used to help medical and nursing 
students practice taking medical histories. For example, at 
the University Of Washington School Of Medicine, over 
the past 15 years, medical students transitioning to clinical 
rotations simulate conducting medical histories with stan-
dardized patients (Jennifer Reid, written communication, 
September 2014). The simulations are conducted in hospi-
tal inpatient rooms and are videorecorded. At the end of the 
simulation, the standardized patient has the opportunity to 
provide the student with feedback on their communication 
style, nonverbal language, and receptivity. The student also 
has the opportunity to view the videorecording and reflect 
and discuss the simulation with the standardized patient and 
with course instructors.

One medical student describes that in medical school stu-
dents are typically taught a script but as so often happens in 
actual clinical practice, the script ends when a patient asks a 
question or when unexpected information or findings arise 
[9]. Simulation with improvisational actors enables young 
and seasoned clinicians alike to continually hone their com-
munication and relational skills, and to be better prepared 
for, and comfortable with, the unexpected.
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Verbal Handoffs

Handoffs in medicine are commonplace: Healthcare pro-
viders usually receive and give multiple handoffs each time 
they work. A number of handoff tools have been developed 
with similar underlying goals: to create a structured, succinct 
handoff that addresses pertinent issues, so that critical infor-
mation is not missed and providers have an opportunity to 
clarify (see Table 23.1) [10]. Experience from one institu-
tion demonstrates that simulation-based handoff training re-
sults in increased transfer of critical communication between 
nurses [11].

Simulation-based training for handoffs need not be 
complicated. One example could involve residents using 
a standard verbal handoff checklist for admitting a pediat-
ric patient from the emergency department to the inpatient 
medical team. The residents can pair up: a first-year resident 
with a second- or third-year resident. Since these conversa-
tions often occur over the phone, the pair can sit back-to-

back. They each read the same patient care summary. For 
the initial simulation, the more experienced resident uses the 
handoff checklist to handoff the patient. The junior resident 
then has the opportunity to ask questions, debrief with the 
senior resident, and provide feedback. The pair then changes 
roles, with the junior resident providing the verbal handoff 
on the same patient. Depending on the learners, the same or 
different handoffs can be repeated until the communication 
goals are achieved. One could imagine swapping healthcare 
providers (e.g., nurses, pharmacists, respiratory therapists) 
to simulate a variety of everyday handoffs (e.g., shift report).

For institutions with greater resources, more comprehen-
sive simulation-based training handoff programs, which may 
include didactics and computer-based and in-person simula-
tion, can be implemented. Implementation of a comprehen-
sive multi-institutional handoff program was associated with 
reductions in medical errors, preventable adverse events, and 
improved communication, without negative effect on work-
flow [10].

Mnemonic 
letter

Description Key points

I Illness severity Identification of patient’s level of acuity to focus attention appropriately at the start of the handoff 
communication
Suggest classifying each patient using a standardized language such as stable, “watcher” (a patient where 
any clinician has a concern that a patient is at risk of deterioration), or unstable
May include code status
Classification may vary depending on unit acuity, provider type, or institutional culture

P Patient 
summary

Describes succinctly the reason for admission, events leading up to admission, hospital course, and plan for 
hospitalization
Should reflect global plan for entire hospital stay and avoid “to-do” items for next shift
Should be maintained and updated regularly with modification of assessment, diagnoses, and changes in 
treatment plans as necessary

A Action items Includes a “to-do” list with specific elements to accomplish over next shift by team assuming care of patient
Should specify time frame for completion, level of priority, and who is responsible
Specify “nothing to do” if no action items are anticipated

S Situation 
awareness and 
contingency 
plans

Situation awareness: knowing what is going on for members of the care team (status of patients, environ-
mental factors, team members) and for each individual patient (status of disease process, progress towards 
goals for hospitalization)
Contingency plans: with situation awareness in mind, provide team assuming care of the patient with spe-
cific instructions for how to handle anticipated problems
 Typically includes “if/then” statements
 Specify “no contingencies anticipated” for stable patients
Ensures accepting team is prepared to anticipate changes in patient status and respond to potential events

S Synthesis by 
receiver

Provides a brief restatement of essential information in a cogent summary by receiving team
Demonstrates information is received and understood
Ensures effective transfer of information and responsibility
Opportunity for receiver to clarify elements of handoff, ensure clear understanding, and play an active role 
in handoff process
Will vary in length and content depending on acuity level of patient
Should prioritize restatement of key action items and contingency plans: not a restatement of the entire 
verbal handoff

Table 23.1  I-PASS mnemonic elements. The I-PASS mnemonic (Illness severity, Patient Summary, Action items, Situation awareness and contin-
gency planning, Synthesis by receiver) can be used as a way to standardize the verbal (oral) handoff process at shift change during in-person verbal 
communication. It can also be used as a framework to standardize the written handoff process by integrating the individual mnemonic elements 
in computerized handoff tools within word processing documents or, ideally, within the electronic medical record where possible. (Reproduced 
with permission [10])



294 J. R. Reid et al.

Consultations

A common challenge for healthcare providers is to succinct-
ly and clearly convey concerns, assessments, and requests 
to other team members. Many team members express frus-
tration or disappointment in some of their communication 
interactions because of a seeming lack of understanding or 
response. When the conversation is analyzed, there is often 
more than one conversation occurring—based on the eye or 
ear of the beholder.

Consider this example:

Nurse says: “Doctor, the child I just put in room 10 doesn’t 
look good.”

Nurse thinks: “The child in room 10 looks like he might be 
septic. His heart rate is too high, despite being afebrile, he 
seems listless.”

Doctor says: “I’ll go see him as soon as I can.”
Doctor thinks: “I still need to call the consultant for the 

patient in room 8, write orders for the patient in room 9, 
talk to the mom in room 2 and get something to eat…the 
patient in room 10 just came back…I’ll let him wait until 
I get caught up.”

In order to help learn about and practice these conversations, 
iterative simulations can focus specifically on the commu-
nication of concerns and requests. As part of nursing ori-
entation at one institution, all nurses are introduced to the 
SBAR (Situation, Background, Assessment, Recommenda-
tion) format for expressing concerns and requests [12]. See 
Table 23.2. In a three-part simulation, each nurse cares for a 
simulated patient, who becomes progressively more ill. The 
nurse first simulates having a telephone conversation, ini-
tially with his or her charge nurse, then with a resident physi-
cian, and finally with a member of the rapid response team. 
In each conversation, the nurse practices using the SBAR 
format. Both the recipient of the phone call (a confederate 
who understands the learning objectives) and an instructor 

provide feedback on the learner’s utilization of SBAR and 
clarity. Participants have the opportunity to try it again and 
again until they achieve fluency (written communication, 
Jennifer Reid, September 2014). A recent study of effec-
tive SBAR training identified role-play simulation (such as 
described above) to be a more effective method than tradi-
tional didactic methods, such as a lecture, in training nurses 
to using SBAR as a communication tool [13].

Informed Consent

Ideally, the informed consent process includes a combina-
tion of fact sharing regarding procedures, risks, alternatives, 
responses to questions, and careful attention to emotional 
responses that may arise. Simulation has been reported in 
a limited number of publications to assess and develop in-
formed consent communication skills. One study examined 
how different providers (consultant surgeons vs. senior train-
ees vs. junior trainees) performed during an informed con-
sent conversation. Assessment focused on the factual con-
tent: description of surgical risks [14]. In one educational in-
tervention, anesthesiology trainees simulate interacting with 
a standardized patient, conducting a history, physical, and 
obtaining informed consent. The debriefing includes their 
ability to answer patient questions, use of nonverbal strate-
gies to create an open atmosphere, reflections on posture and 
mannerisms, and comfort with the interaction overall [15].

Conveying Difficult or Bad News

Conveying bad news to families in pediatrics can be ex-
tremely challenging [4, 16, 17] due to both the emotional 
stress and potential for long-term impact on the family [18, 
19]. Although healthcare providers identify the desire to 
communicate difficult news well [15, 16, 20, 21], parents re-
port high variability in their experience [18]. Simulation has 

 

Table 23.2  SBAR (Situation, Background, Assessment, Recommendation): a framework for team members to effectively communicate infor-
mation to one another [38]. To incorporate this into a progressive simulation, e.g., where a nurse has the opportunity to repeat the SBAR with 
different members of the healthcare team or as a patient progresses, after the first simulation, you can either have them simulate the SBAR again, 
with a different member of the healthcare team or provide additional information, e.g., update: another hour has passed, your patient failed to 
improve, she has ongoing increased work of breathing and more signs of fatigue

Mnemonic letter Description Sample scenario: 3-year-old girl with asthma, with ongo-
ing work of breathing, decreasing oxygen saturations, 
and increasing signs of fatigue, despite 1 hour of ongoing 
asthma treatment

S Situation: What is going on with the patient? 3-year-old girl with respiratory distress
B Background: What is the clinical background or 

context?
3-year-old girl with history of asthma, increasing fatigue, 
ongoing work of breathing, decreasing saturations after 
1 hour of asthma treatment

A Assessment: What do I think the problem is? I think she is in early respiratory failure
R Recommendation: What would I recommend? Let us reevaluate as a team and escalate her therapy
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been used to help healthcare providers practice and be evalu-
ated on their communication skills in delivering bad news. 
Delivering bad news has also been referred to as breaking 
bad news. However, in our view, when healthcare provid-
ers are trained via simulation to have these conversations, 
nothing should be broken and, in fact, these conversations 
can go well.

A simulation-based workshop focused on conveying dif-
ficult news recently published its structure and results. After 
receiving classroom-based instruction, small groups of resi-
dents participated in three scenarios, each starting with a sim-
ulated resuscitation and followed by two conversations with 
an actor portraying a patient’s parent, followed by debrief-
ing. Residents self-reported improvement in their ability to 
deliver bad news and were observed to statistically improve, 
using an evaluation tool completed by experts and parents 
[22]. Additional formative interventions describe scenarios 
where trainees have the opportunity to deliver bad news to 
standardized patients or actors regarding either patient harm 
or death, and receive feedback [15, 23, 24].

Disclosure of Medical Errors

Despite improvements in patient safety, medical errors still 
occur, creating the opportunity for challenging conversations 
which combine high factual content in addition to high emo-
tional content [25]. Gallagher emphasizes that the most im-
portant features of these conversations include an appropri-
ate apology, an explanation of what care is being provided 
to remedy and address the harm for the patient, and assur-
ances that the situation will be thoroughly investigated and 
measures implemented to guard against future similar errors 
[26]. Simulation has the potential to recreate scenarios where 
medical errors or unavoidable bad outcomes occur, allowing 
providers to practice disclosure and receive feedback on their 
disclosures. Communication curricula have been described 
which include the use of simulation scenarios with a medica-
tion error for residents to practice error disclosure to actors 
playing the role of parents [23]. Another study utilized an 
error disclosure performance checklist to evaluate residents 
on the overall quality of their disclosure to a standardized 
patient [27] (Table 23.3). In this study, two key points stood 
out: (1) Increased experience with error disclosure alone did 
not result in higher scores, indicating that dedicated train-
ing programs that describe and provide feedback on specific 
communication skills are required, and (2) standardized pa-
tients, independent observers, and the residents disclosing 
the error all scored the communication similarly. The simi-
larity of their scores adds validity to the checklist, opening 
up possibilities for broader application.

End-of-Life Discussions

Publications focused on withdrawal of care, disclosing a 
patient’s death, or practicing difficult family interactions in 
simulation in pediatrics is limited [22, 23]. Most describe 
formative scenarios, which may or may not provide focused 
feedback based on communication best practices [22]. The 
paucity of literature suggests that integration of some of the 
most factually complex and highly charged emotional con-
tent into a standardized communication and simulation cur-
riculum has yet to occur.

Specific Patient Populations

Two specific patient populations deserve special mention: 
adolescents and mental health patients. These populations 
represent distinct communication challenges. Much of ado-
lescent medicine focuses on obtaining histories of, and coun-
seling for, risk behaviors and psychosocial issues. The abil-
ity to gather and deliver this sensitive information requires 
the healthcare provider to gain the trust of the adolescent 
and maintain a therapeutic relationship. Training experi-
ences at the Israel Center for Medical Simulation underscore 
the uniqueness of this type of communication and the need 
for simulation-based training [28–31]. One role-play exer-
cise used teen actors from a high school drama department 
to simulate characteristic adolescent medical problems in a 
healthcare interaction, including confidentiality issues and 
both home and school difficulties. Despite the large group 
format of this training, participants appreciated the need for 
careful listening, a nonjudgmental approach and the need for 
confidentiality [28]. Based on their experiences, this group 
of simulation educators and researchers developed a 1-day 
course to enhance healthcare providers’ communication with 
adolescents [29]. In addition, they created a simulation-based 
communication program that is part of a multiyear diploma 
course in adolescent medicine in Israel [30].

Much of psychiatry revolves around conversations be-
tween providers and patients, making the ability to connect 
even more poignant. In addition, healthcare providers often 
have anxiety due to lack of experience. Simulation has been 
used to improve healthcare providers’ interview skills with 
psychiatric patients, promote therapeutic communication, 
and decrease providers’ anxiety [32]. In one study, compar-
ing the use of high-fidelity simulation versus traditional lec-
tures for training senior nursing students in communication 
skills essential to psychiatric nursing, high-fidelity simula-
tion was more effective in improving nursing student’s self-
efficacy in communication with mental health patients [33]. 
A full-scale simulated mental health ward, including stan-
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dardized patients, has been created in the US Midwest for 
nursing students to practice skills, such as nursing assess-
ment and medication administration, along with therapeutic 
communication with inpatient psychiatric patients [19].

Simulation Approaches and Modalities

Simulation focused on healthcare conversations has em-
ployed a variety of modalities, often integrating different 
types of simulators, to create the highest-fidelity experience. 
Standardized patients have been used in both research and 
training programs to ensure consistency in the responses 
experienced by participants, how participants are evaluated, 
and feedback [22, 34–36]. Confederates or actors, with vari-
able levels of training and restrictions have been integrated 
into formative training programs (see Chap. 4) [23]. Simula-
tors have been incorporated, in a mixed-methods approach, 
for participants to experience a clinical situation (bad out-

come, medical error, or death) which they then had to com-
municate to either a standardized patient or actor playing the 
role of a family member. By blending simulation modali-
ties, participants can enter the conversation with emotions 
elicited from the previous simulation experience, making the 
conversation more realistic and perhaps more challenging to 
conduct.

The selection of modalities depends on both learning ob-
jectives and resources. The more standardized or structured 
the responses of those playing the role of the patient or fam-
ily, the more consistent the learning experience may be for 
the participants. Enhancing fidelity, by including a human 
patient simulator prior to disclosure of a bad outcome, can 
add to the emotional realism and complexity of the scenar-
io for both the instructors and the participants, particularly 
for more experienced providers. Professional actors, from 
learner and faculty perspectives, increase realism. They fa-
cilitate feedback from non-medical perspectives and allow-
ing improvisation, providing the opportunity to titrate the 

Table 23.3  Items on the Error Disclosure Rating Scale for encounters between standardized patients and 42 postgraduate second-year internal 
medicine residents used to determine the residents’ ability to disclose medical error, University of Toronto, 2005. (Reproduced with permission 
[27])

Explanation of medical facts regarding error
How did it happen?
 Told me what the error was in my care
 Explained to me why the error occurred
What are the consequences?
 Told me how the error impacted my health
 Told me how the consequences of the error will be corrected
Overall impression on explanation of medical facts regarding error
Honesty and truthfulness
 Took responsibility for the error
 Explained the error to me freely and directly, without me having to ask a litany of probing questions to get the details of the error
 Did not keep things from me that I should know
 Never avoided my questions (not evasive)
Overall impression on honesty and truthfulness
Empathy
Apology: said he/she was sorry and apologized in a sincere manner. Acknowledgement of feelings
 Allowed me to express my emotions regarding this error
 Told me that my emotional reaction was understandable
Overall impression of empathy
Prevention of future errors
 Told me that an effort will be made to prevent a similar error in the future
 Told me what he/she would have done differently
 Told me his/her plan for preventing similar errors in the future
Overall impression of prevention of future errors
General communication skills
 Degree of coherence in the interview
 Verbal expression
 Nonverbal expression
 Responded to my needs
 Checked for my understanding of the information he/she provided
Overall impression on general communication skills
Scoring: each component—1 (not performed), 2 (attempted but incomplete or ineffective), 3 (performed excellently, completely, and effectively); 
each category—overall, 1–5 (5 high score)
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scenarios to the needs of the learners [37]. Resources may 
limit what modalities training programs are able to provide. 
Standardized patients or actors usually require more time for 
preparation and financial resources, incorporating human 
patient simulators, and clinical space may require either 
center-based or in situ simulation space that requires addi-
tional funds, time, and physical space that may or may not 
be available.

Conclusions

Conversations between healthcare providers, patients, and 
families are ubiquitous. From everyday clinical encounters 
to challenging situations, these conversations matter [2]. 
Simulation is only beginning to explore and develop how it 
can help healthcare providers become more experienced and 
effective managers of both the factual and emotional con-
tent contained in every healthcare conversation. As this field 
develops, exploring simulation modalities and formats will 
be critical to helping healthcare providers hone their com-
munication skills.
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Simulation Pearls 

1. As with any educational endeavor, it is important to clear-
ly identify the objectives before starting a rural simulation 
program. Is the focus on teamwork and communication, 
assessment of the systems and processes of care, proce-
dural training, or another topic? Clarifying these objec-
tives will lead to the best methods for training.

2. In situ and mobile simulations are two useful methods for 
training in rural settings.

3. Consider collaboration with other local or regional cen-
ters to further expand your simulation resources.

4. Advance planning and buy-in by both stakeholders and 
participants are critical for developing and sustaining a 
successful rural simulation program.

Introduction

The term rural is defined by the Merriam-Webster’s Dic-
tionary as “relating to the country and the people who live 
there, instead of the city” [1]. In the medical literature, this 
definition varies and can even be controversial. There is often 
an attempt to incorporate the population density of the area 
in question or the proximity to urban centers, but ultimately 
the definition may be unique to each country or region. The 
identification of these rural communities is important, how-
ever, to allow for discussion of some of the challenges these 

areas may face, including the need to provide high-quality 
health care to ill and injured pediatric patients. In the USA, 
it is estimated that approximately 20 % of the population live 
in rural areas, while less than 10 % of physicians practice 
there [2]. Similar numbers are reported in other countries [3]. 
In these rural communities, healthcare providers are required 
to administer care to patients distributed over a broad geo-
graphic area, yet are fully integrated into the local commu-
nity [4]. Hospitals in these areas often have a lower patient 
census and limited access to subspecialty consultation as 
compared to larger urban centers, but they are still required 
to provide safe, effective, equitable, and efficient care to all 
who enter their doors. For the purposes of this chapter, we 
will discuss simulation-based education (SBE) and its po-
tential utility and impact on pediatric education and train-
ing in these rural communities. Of note, SBE in resource-
limited settings, areas typically characterized by insufficient 
healthcare funds resulting in a lack of infrastructure, trained 
personnel, equipment, supplies, and medications, will be dis-
cussed separately in Chap. 25.

The optimal care of acutely ill and injured children re-
quires ongoing education and frequent practice by members 
of any healthcare team. Many of the children who receive 
emergency care are seen in community hospitals with rela-
tively low pediatric volumes, rather than larger academic 
children’s hospitals. In fact, it is estimated that 85–90 % of 
children presenting for emergency care are seen by general 
emergency medicine physicians in community emergency 
departments (EDs), while 50 % of EDs in the USA care for 
fewer than ten pediatric patients per day [5–8]. In the rural 
setting, the management of critically ill infants and children 
is a rare event, and the providers often have limited access to 
pediatric consultants and pediatric-specific continuing edu-
cation. In 2008, an attempt at mapping the access to pediat-
ric subspecialists and hospitals with pediatric intensive care 
units in the USA was published. The authors found that over-
all 64.1 % of the pediatric population lived within 50 miles 
of a pediatric critical care resource. However, there were 
multiple states where this number was less than 10 % [9]. 
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Published literature also reports that there is variability in the 
quality of care delivered to pediatric patients in this lower-
volume community setting as compared to higher-volume 
children’s hospitals [10].

In discussing SBE and its use for pediatric education in 
rural communities, an important component of the review 
must be focused on why simulation is being considered for 
use in this setting. As with any educational endeavor, prede-
termined learning objectives should be set by those respon-
sible for its implementation. Are these objectives related to 
improving medical knowledge, assessing skills or compe-
tencies, practicing interprofessional teamwork and commu-
nication, or as a tool for the assessment of the systems and 
processes of care in this setting? Although these topics will 
be covered in detail in other chapters, we will discuss each 
topic to discuss how simulation may be utilized for pediatric 
education by healthcare providers, administrators, or educa-
tors in rural communities, as well as some of the challenges 
and facilitators to its use in this unique setting.

Assessing and Improving Medical Knowledge

Medical decision-making and clinical reasoning have clas-
sically been taught in a lecture-based format, refined at the 
bedside during training, and maintained through clinical 
practice. Over the past decade, SBE has been proved to be 
an engaging and effective method for educating medical pro-
fessionals and has become an integral component in this pro-
cess. Not surprisingly, the highest utilization of simulation is 
often centered in urban, tertiary care teaching hospitals. In 
this environment, it is frequently used as a method to teach 
trainees and established healthcare providers the best prac-
tices for managing a variety of medical emergencies. In rural 
communities, where there are low pediatric volumes, pedi-
atric-specific knowledge and skills may deteriorate quickly. 
Unfortunately, the options for pediatric continuing medical 
education are also often limited in these areas, and it is here 
that simulation can play an important role. Even in centers 
with fewer resources, medical decision-making can be prac-
ticed and assessed through the use of screen-based simula-
tion programs, often referred to as online or computer-based 
simulations or serious gaming. This method of SBE allows 
for easy access to pediatric-specific scenarios and education. 
It allows the providers to walk-through their decisions re-
garding care with infinite possibilities in the patient’s pro-
gression depending on their interventions, as predetermined 
by programming in the game’s engine. Examples of the use 
of gaming for rare and acute events include disaster triage 
and emergency department or Pediatric Advanced Life Sup-
port (PALS) scenarios. This time-critical decision-making 
allows for experiential learning, with the online or computer-

based setting allowing for a more readily accessible training 
opportunity for all healthcare providers. Screen-based simu-
lation is discussed in further detail in Chap. 9.

In Situ and Mobile Simulation

In situ simulation is an event that takes place in the actual 
clinical environment, allowing the healthcare team to prac-
tice caring for patients in their own space, with their own 
equipment and resources (see Chap. 12 for details). It has 
been shown to deliver high levels of realism and participant 
satisfaction [11, 12]. Through observation of the team’s per-
formance during a simulation scenario, an expert in debrief-
ing can introduce discussion on published guidelines and 
updates in the literature on the optimal care of children pre-
senting with a variety of complaints, from pediatric respira-
tory failure, sepsis, and trauma-related complaints to cardiac 
arrest.

The use of SBE for pediatric education in Critical Access 
Hospitals in the USA has been evaluated [10]. Critical Ac-
cess Hospitals are small-volume rural institutions with no 
more than 25 inpatient beds but with 24-h, seven-days-a-
week emergency care units. These facilities are maintained 
to provide access to emergency and outpatient care for rural 
communities, with patients requiring prolonged admission 
or subspecialty care transferred to other institutions. Not 
surprisingly, healthcare providers in these settings will infre-
quently encounter critically ill children. In this study, a high-
fidelity in situ curriculum was developed to allow providers 
to practice the care of such pediatric patients. Although no 
information has yet been reported on the impact of this inter-
vention on actual clinical care, at the conclusion of the study 
providers reported significant improvements in their com-
fort level in taking care of these patients [11]. These findings 
are supported by other studies with similar programs where 
healthcare providers have reported increased comfort with 
these infrequent, high-acuity events at the completion of a 
simulation-based intervention [13, 14].

Although SBE may be best known for allowing health-
care providers to practice these low-frequency, high-acuity 
events, for healthcare institutions it may also be used to pro-
vide insights into the preparedness of the system to care for 
these patients. In situ simulation is being increasingly used 
for this purpose and has been shown to efficiently and effec-
tively assess the systems and processes of care in a variety 
of settings [15–17]. In 2006, in situ simulation was used to 
evaluate the care of pediatric trauma patients presenting to 
a spectrum of EDs in North Carolina. The ability of inter-
professional teams to assess and manage a simulated 3-year-
old trauma patient after a fall was evaluated. Information on 
the quality of care delivered was assessed, as well as several 
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system-level issues, including the lack of appropriate-sized 
equipment (e.g., cervical collars) and inadequate preparation 
for safe transport to computed tomography (CT) scan [18]. 
Similar methods have been used to assess the systems and 
processes of care, and to evaluate for latent safety threats 
in both established and new clinical environments [15, 17, 
19]. In rural institutions, where pediatric-specific systems 
are rarely tested, this could be an invaluable tool for quality 
improvement (see Chap. 6 for details).

It is important to acknowledge, however, that there are 
challenges associated with in situ simulation, particularly 
in the rural setting. These include the need to provide ac-
tual clinical space and equipment. In areas where the space 
for clinical care may be limited, this will require significant 
planning on contingencies for what to do when an actual pa-
tient arrives. It is very important that discussions prior to the 
day of the simulation involve administration as well as phy-
sician and nursing leadership.

As transporting all rural providers to a distant simulation 
center for training or developing a local in situ simulation 
program, as described above, may not be feasible, the use 

Fig. 24.1  Examples of a mobile simulation unit designed to transport in situ stretchers, simulation equipment, clinical equipment, and the educa-
tion team that will perform the training. (Reproduced with permission of eSIM Provincial Simulation Program, Alberta Health Services)

 

of mobile simulation is becoming increasingly utilized. In 
this method, the simulation-specific resources are brought 
to the participants. Mobile simulation occurs in one of 
the two ways. The first way is the transportation of man-
nequins, equipment, and simulation facilitators to the rural 
environment for in situ simulation as described above (see 
Fig. 24.1a, c). The second way includes all of the human 
and equipment resources listed above, as well as a mobile 
patient care space, often in the form of a repurposed am-
bulance, recreational vehicle (e.g., motorhome or caravan), 
van, or bus (see Fig. 24.2a, c). This allows for a standard 
practice environment, one that is not impacted by actual pa-
tient care as seen in in situ simulation. Individuals and inter-
professional teams can practice procedures or high-fidelity 
simulation scenarios without the need for each rural institu-
tion to purchase and maintain costly simulation equipment 
and resources. However, there are specific questions to ask 
prior to creating, building, or participating in such a pro-
gram. Important discussion points that should be considered 
for in situ and mobile simulation space methods are detailed 
in Table 24.1.
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Fig. 24.2  Examples of a mobile simulation unit designed to include a: 
(a) mobile patient care space; (b) and all associated simulation equip-
ment, clinical equipment, audiovisual equipment; and (c) a control 

room. The unit is designed to be completely self-dependent for simula-
tion education delivery. (Reproduced with permission of STARS Air 
Ambulance)

 

Table 24.1  Questions to consider when planning for in situ or mobile simulation

In situ simulation
Will we use our own equipment and medications? This will require thought as to how medications will be accessed, how quickly can the 

equipment be replaced, and how to cover the costs associated with replacement
If not, how can we be sure that the simulation equip-
ment and medications are not used on actual patients

This will require special labeling and storage, as well as specific checks to confirm that 
no contamination occurs

If safety threats are identified, how will they be 
reported?

Immediate safety threats should be reported in real time to physician and nursing lead-
ership. How will these be tracked for resolution?

Will the actual medical team be participating in 
the simulation? If so, what will happen if a patient 
arrives for care?

Back-up providers or a plan to halt the simulation based on preset criteria are possible 
solutions. In addition, how will the costs of additional staffing be covered? What is the 
optimal number of participants for the simulation? Ideally, this should be representative 
of actual practice

Where/when will the simulation take place? Is there a specific resuscitation room we would like to utilize? What is the best time of 
the day to use this room? Lower volume times are often earlier in the morning. How 
long do we want the sessions to last? Discuss how long it is possible to use this space 
without affecting patient care/flow

Mobile simulation space
Are we interested in assessing our equipment or 
resources or the processes of caring for pediatric 
patients?

If so, in situ methods may be more appropriate. If not, how can we be sure that 
equipment adequately mirrors our own equipment to allow for optimal buy-in by 
participants?

How will the participants be oriented to the mobile 
simulation lab?

Time will need to be set aside for an overview of the mobile setting, allowing for 
hands-on practice with equipment if necessary

How will this be funded and staffed? Are the participants being paid for their time? What is the optimal number of learners? 
Does this replicate actual practice? Can we apply for continuing education credits as an 
incentive for providers?

Where will the mobile simulation lab be located? Is this location easily accessed by participants and not obstructive to patient care?



30324 Simulation for Rural Communities

It is important to recognize that endeavors such as these 
require significant simulation resources. Not only do they 
involve the use of mannequins and the technology to support 
these simulations, but also the experts available for facili-
tation and debriefing, arguably the most important compo-
nent of a successful SBE program. As mentioned previously, 
acute care pediatric expertise may be limited in rural com-
munities. To address this issue without the expense of mobile 
simulation, the utilization of telemedicine has been steadily 
increasing. This technology allows for immediate consulta-
tion with subspecialists regarding the care of pediatric pa-
tients and has been shown to have a positive impact on the 
quality of the care delivered [20–22]. Similarly, the use of 
telemedicine for educational purposes is now being inves-
tigated and may allow for remote debriefing and facilitation 
of simulation scenarios and procedural training when the ex-
pertise is not locally available [23].

Interprofessional Teamwork and 
Communication

For the purposes of interprofessional education, including 
critically important teamwork and communication skills and 
behaviors, mannequin-based simulations have long been uti-
lized and found to be both engaging and effective [12, 24, 
25]. A number of simulation-based studies have also identi-
fied the importance of teamwork, good leadership, and good 
communication in managing emergency situations and their 
role in medical error when they are suboptimal [26–28]. 
Teamwork training has been shown to improve subsequent 
team performance ([29–31] (see Chaps. 4 and 15 for details). 
SBE has also produced a host of tools to assess both techni-
cal and nontechnical skills, which may also be useful in the 
rural setting [32–37]. See Chap. 7 for a complete list of as-
sessment tools for pediatrics.

Another area of recent interest that has applicability in 
the rural domain is that of cognitive aids, including check-
lists. In other high-reliability professions, such as in the 
aviation and nuclear power industries, checklists and simu-
lation are used as standard for the management of rare but 
high-acuity events or stressor situations [38–40]. In the 
healthcare field, there is evidence supporting improved pa-
tient safety outcomes with the use of checklists, including 
the use of a preoperative checklist that has demonstrated a 
reduction in communication failures [41–43]. The improve-
ment in the management of operating room crises demon-
strated by the use of checklists with training on simulators 
within a simulation suite may be a step toward improved 
patient care for rare events in the rural setting using the 
same checklist approach.

When creating these programs, it is important to recog-
nize that the realism of the scenario can be an important com-
ponent of the buy-in by the participants, and this knowledge 
should be considered, along with the predefined learning 
objectives, during scenario development. Realistic scenarios 
that are possible encounters in each setting should be care-
fully planned and piloted prior to their use. This is not the 
time for rare cases but rather straightforward, plausible cases 
with well-established guidelines for medical management, 
such as sepsis, PALS algorithms, and status epilepticus, that 
allow for not only the building and consolidation of funda-
mental pediatric acute care knowledge but also the practice 
and discussion of important teamwork and communication 
principles. Building fundamental knowledge and skill in the 
more common pediatric presentations will have the great-
est impact on children care for by rural providers, and will 
likely also provide positive spin-offs when having to care for 
rare cases. Piloting the scenarios with input from physicians, 
nurses, and other participating healthcare providers will also 
allow for problem-solving and amelioration of any possible 
threats to a successful program.

Collaboration in Simulation-Based Education

Access to simulation technology and expert facilitation and 
debriefing, which provide much of the learning and mentor-
ship during simulation-based educational programs, is often 
limited in rural communities. Through collaboration with 
larger academic centers, however, access to this educational 
modality may become possible. Each rural community is 
unique in its objectives. Many site-specific factors can affect 
the best way to successfully develop and sustain a simulation 
program, including the location, the patient volume, the di-
versity of patient complaints and acuity, relevant equipment, 
and personnel resources. Sites with established affiliations 
with larger academic institutions may be able to access simu-
lation through this relationship. However, smaller, more iso-
lated sites may have difficulty in accessing these resources. 
In several areas worldwide, the academic institutions have 
facilitated this relationship through collaboration with other 
centers for dissemination of SBE across larger areas and a 
broader spectrum of institutions.

In 2012, findings from a regional Canadian task force 
on simulation were published [44]. The British Columbia 
Simulation Task Force was created “to bring together key 
academic and health authority stakeholders from across the 
province to design a comprehensive SBE model…” In this 
manuscript, methods and findings from a needs assessment 
are described and an educational model to provide access 
to SBE for all healthcare providers in British Columbia, 



304 L. L. Brown and R. J. MacKinnon

 irrespective of their geographic location and/or institutional 
affiliation, is discussed. They determined that using a combi-
nation of online, web-based learning, followed by access to 
academic and regional simulation centers and mobile simu-
lation centers, utilizing specially designed mobile units with 
in situ simulations for rural settings, is an optimal model 
(Fig. 24.3). They report that the implementation of this sys-
tem is currently underway but stands as a model for collabo-
ration between academic centers and community-based hos-
pitals to provide SBE for all who desire it.

In our experience, building such an outreach program re-
quires mutual trust and respect. Developing this relationship 
can be markedly different from that of introducing simula-
tion internally to another department in a base hospital. In 
Table 24.2, we list considerations that may facilitate such 
relationship building.

As relationships and trust build, broader collaboration 
within a wider geographic area and standardization of cur-
ricula across these centers become possible. The content of 
the curricula can still contain objectives that are seen as im-
portant to the rural centers, while also covering known cases 
where rural teams have struggled with pediatric care. The 
KidSIM Pediatric Simulation Program (Alberta Children’s 
Hospital, Calgary, Canada) runs a mobile rural in situ simu-

lation program in Southern Alberta, Canada, that delivers 12 
standardized scenarios over a 4-year period (i.e., three sce-
narios per year). The advantage of the standardized curricula 
is that they allow the simulation program education team to 
more intimately learn the three cases for the year and repeat 
the cases at each of the rural sites for a given year. This is 
a practical way of ensuring that the cases remain consistent 
and are of high quality. The main advantage for the rural sites 
is that they are delivered a consistent set of cases that are 
felt to be necessary to build fundamental knowledge, clinical 
and team skills in pediatric acute care driven by objectives 
developed mutually. In addition, by standardizing the cases 
(and program), continuing education credits are more easily 
applied for, which acts as an additional motivation for rural 
care providers (Vincent Grant, written communication, De-
cember 2014). Regional transport teams that support rural 
or district hospitals, by a rapid response team or telephone 
advice, may also form an anchor point for collaborative 
simulation curricula. With knowledge of all the critically 
ill children presenting to the hospitals within the region, 
The North West & North Wales Paediatric Transport Team 
(NWTS, UK) outreach program aims to provide mobile SBE 
programs responsive to specific educational goals of 28 hos-
pitals each year (Kate Parkins & Kathryn Claydon-Smith, 

Fig. 24.3  Model of simulation 
for rural settings. CPD continu-
ing professional development. 
(Used with permission of [44])
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written communication, December 2014). These simulation-
based educational programs are planned in advance to occur 
in either clinical areas or educational areas in base hospitals 
(Fig. 24.4). A number of differing approaches may be under-
taken to achieve collective collaborative educational goals. 
Different examples of rural simulation-based itineraries are 
presented in Table 24.3.

Fig. 24.4  Simulation within 
an educational area at the base 
(rural) hospital with permission 
of The North West & North 
Wales Paediatric Transport 
Service (UK)

 

Procedural and Skills Training

One of the main objectives when discussing SBE is the 
acquisition and assessment of infrequently practiced skills 
and procedures. Simulation has been proven to be an ef-
fective tool for teaching and maintaining competencies in 
a variety of procedures that require refined and practiced 

Table 24.2  Developing a rural simulation outreach program from a base center: relationship building

Key task Steps for implementation
Introduce the concept to key interprofes-
sional and multidisciplinary stakeholders

Discuss the acceptability of simulation within the rural team setting
Inquire how simulation may be of the highest value in their setting
Explain options for education, team training, and process improvements
Suggest starting based on your own hospital’s successes with simulation
Identify educators within the rural facility to help champion this process
Talk through the simulation, highlighting plausible scenarios, and debriefing points
Suggest outcomes and how to track simulation interventions
Discuss costs of equipment and staff time and the increasing scale of complexity
Consider applying for continuing education credits for providers

Organize an event to meet as many staff 
as possible and show the technology

Involve the rural team in a live demo and promote reflection on this
Develop together a remediation plan for any staff member who may request or require this after 
completion of the simulations

Establish regular meetings/teleconfer-
ences to build relationships further

Discuss progress and challenges
Plan for new scenarios
Expand the number of local champions
Review outcomes

Consider collaboration across a wider 
geographic area to build a standardized 
curricula for multiple rural centers

Discuss other potential local or regional collaborators
Consider potential for sharing resources, curricula
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 psychomotor skills. These include central venous access 
placement, lumbar puncture, and emergency airway man-
agement techniques [45–47]. It is therefore another useful 
option for rural healthcare providers who may not have the 
volume or variety of patients to allow for maintenance of 
competency in these procedures. This is also an objective 
that may be accomplished on a relatively low budget, with 
options for less-expensive, low-fidelity task trainers avail-
able for a variety of procedures. Procedural and skills train-
ing is discussed in detail in Chap. 11.

Developing Resilience in Rural Communities 
Through Simulation

Resilience can be defined as the “long-term capacity of a 
system or society to deal with change and to continue to de-
velop” [48]. The resilience approach focuses on the dynamic 
interplay between gradual daily occurrences versus sudden 

dramatic events, and the change required to optimize the re-
sponses to such stressor events. This section aims to explore 
how different simulation-based educational strategies may 
improve resilience in the rural setting. We will also discuss the 
potential role of this educational strategy in rural healthcare 
facility preparation and in particular assessment, dissemina-
tion of learning, and healthcare advocacy.

Although discussed previously, it is worthwhile to exam-
ine preparation or readiness in more depth. Rural healthcare 
systems, including emergency medical/prehospital services 
and hospitals, provide the first response and care for the clin-
ical needs of the majority of children requiring health care. 
It has been recognized for decades that healthcare system 
preparation is vital to meet this challenge, in terms of the 
provision of appropriate personnel, equipment, protocols, 
and infrastructure from initial resuscitation to transfer to de-
finitive care [49]. Current strategies to improve the capacity 
of a healthcare system deal with change, and continue to de-
velop, include reviews of care and regulatory interventions 

Table 24.3  Examples of collaborative rural simulation-based education itineraries

KidSIM Pediatric Simulation Program (Alberta 
Children’s Hospital, Calgary, Canada)

Morning session
1. Skills station with hands-on practice and mentorship (45 min) for all participants (while 
other team members set up mannequin-based simulation sessions)Full-day session

Can be done in clinical space (in situ) or in 
classroom (if necessary)
Four facilitators 2. Rotation of groups through three immersive scenario-based simulations with debriefing 

lasting 45 min (Participants divided into 2–3 groups)Maximum of 20 interprofessional participants
Afternoon session
A new set of participants and the above skills station and three scenario-based simulations are 
repeated

The NWTS (UK) in situ Program 1 Morning session—rotation through:
1. Difficult actual case discussions (1 h)

Full day session Two cases—one provided by NWTS and one by base hospital (30 min each), for example, 
lithium button battery ingestion with catastrophic hemorrhageEmergency department or ward area available

Four facilitators 2. Case-based procedural workshops with part task trainers (90 min), for example, intraosse-
ous insertion and fluid managementApproximately 20–30 multidisciplinary 

participants Afternoon session
In situ high-fidelity team-based simulation (45 min; team using own equipment, drawing up 
medications, etc.)
Half of participants active in simulation, half observing
Interactive debrief—all participants involved (1 h), for example, management of meningo-
coccal sepsis

The North West & North Wales Paediatric 
Transport Service (UK) Program 2

Rotation through two sessions in the morning and two sessions in the afternoon

Full-day session 1. Airway case with part task trainer (1 h), for example, management of unpredicted  difficult 
airwayEducational area only available

Four facilitators 2. Breathing case with mannequin (1 h), for example, high-flow humidified oxygen and set-
ting up noninvasive ventilation in an asthmatic childApproximately 20–30 multidisciplinary 

participants 3. Circulation case—part task trainer (1 h), for example, fluid resuscitation of shocked child 
with intraosseous insertion
4. Neurological case with mannequin (1 h), for example, base hospital extubation of a child 
who had status epilepticus responding to thiopentone

NWTS North West & North Wales Paediatric Transport Team
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at a national or regional level. Healthcare facility level audit 
cycles and close inspection of untoward incidents also aim 
to assess, achieve, and maintain high-quality care for chil-
dren. One example of a national strategy is the 2001 Ameri-
can Academy of Pediatrics (AAP) and the American College 
of Emergency Physicians (ACEP) “Care of Children in the 
Emergency Department: Guidelines for Preparedness” docu-
ment [50]. These guidelines include recommendations for 
staff training, an endorsed list of age and size-appropriate 
equipment and supplies, guidelines for policies, procedures, 
and support for establishing inter-facility transfer agree-
ments. Subsequent studies indicate that despite a national 
framework and guideline approach, inconsistencies remain 
in the preparedness of hospitals to care for emergency pe-
diatric patients [51, 52]. In one US study, factors associated 
with a lack of readiness to care for pediatric emergencies 
included the availability of services and equipment in rural 
and community hospitals [52]. A follow-up report by the 
Committee on the Future of Emergency Care in the United 
States Health System (Institute of Medicine of the National 
Academies) highlighted that a significant number of children 
are first cared for in the community or rural setting, and re-
emphasized the need for such a healthcare system to be pre-
pared to manage all types of cases [50].

As discussed previously, the case mix presenting in the 
rural setting is a key issue. The understanding that the lack of 
frequency of challenging pediatric emergencies not only ad-
versely affects the clinical skills of healthcare providers, but 
also the rural hospital infrastructure, was a driver to the na-
tional guideline development. Another driver for the national 
guideline approach was a perceived lack of appreciation for 
the severity of injuries, the urgency of clinical scenarios, in-
correct clinical decision-making, and a lack of confidence 
particularly in caring for critically unwell children [50]. 
Simplistically, one can visualize two strands to developing 
resilience in rural health settings: one of better preparation of 
the healthcare facilities and systems, and another of training 
to and maintaining the excellent performance of healthcare 
providers (including paramedics, emergency medical service 
personnel, physicians, nurses, and other allied health profes-
sionals). To date, SBE has played an integral role in develop-
ing both strands, but one important future direction may be 
to highlight how interwoven both strands are and how we 
can build upon this.

This includes using simulation to encourage healthcare 
advocacy in all personnel involved in the preparation and 
delivery of care, including the rural environment. The role of 
healthcare advocates is essential in improving the quality of 
care provided within a facility. To act effectively, health pro-
fessionals must be given the tools to capture the intricate in-
terplay between teams of healthcare providers and the facil-
ity they work in. One example of such a tool is the Field As-
sessment Conditioning Tool (FACT). The FACT (Fig. 24.5) 

was designed as both a qualitative and quantitative series of 
evaluations in the context of pediatric trauma in rural hospi-
tals to disseminate both areas of existing excellence in care, 
as well as areas of focus to further optimize care [53]. The 
FACT uses SBE as a cornerstone educational intervention 
and was developed as part of collaborative approach across 
three continents by the International Network for Simulation-
based Pediatric Innovation, Research and Education (http://
www.inspiresim.com). The use of simulation-based tools to 
develop healthcare advocacy and to support decision-making 
in the rural setting is a potentially fruitful avenue to explore. 
A current international multisite study aims to determine the 
effectiveness of such tools, focusing specifically on satellite 
hospitals geographically linked to major trauma centers in 
the USA, New Zealand, and the UK [53]. Using high-fidelity 
simulators as surrogates for traumatically injured children, 
this study explores the effectiveness of the FACT to empow-
er individuals to invoke clinical management changes within 
their distinct hospital settings and disseminate the learning 
across all team members. In the same way that a close clini-
cal relationship between rural and major centers of care is 
optimal for care provision, it may also be true in terms of 
education, continued professional development, and process 
improvement. SBE is therefore a powerful potential conduit 
to achieve such relationships and provides the opportunity 
for all of us to learn from one another.

Conclusions

This chapter has described how the spectrum of simulation-
based training can provide opportunities for rural practi-
tioners to advance along a novice to expert trajectory, the 
evidence base behind such a structured simulation approach, 
the use of simulation in rural EDs to highlight deficiencies 
and improve performance post-educational interventions, 
and how in situ simulation could be used to identify latent 
safety threats in the rural setting [15, 18, 54]. The contin-
ual evolution of SBE also provides the platform to address 
further the challenges of rural healthcare practice, in terms 
of an effective method of assessing competencies [55–57], 
the effectiveness of other educational interventions [54, 58], 
and measuring quality improvement [59]. There are poten-
tial barriers to implementing a simulation program within a 
rural community, including the lack of resources and access 
to the required simulation-based expertise and equipment. It 
is therefore important to obtain early buy-in from physician 
and nursing leadership, as well as hospital administration, 
as to the objectives of the simulation program. Is it focused 
on interprofessional education/teamwork and communica-
tion? Procedural skills? Medical decision-making for low-
frequency, high-acuity events? Assessment of the systems 
and processes of care? Once the objectives for the program 

http://www.inspiresim.com
http://www.inspiresim.com
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Positive Elements
Mental

Models

Survey

Field Assessment Conditioning tool
FACT - Rural Hospital

Readiness to Receive Traumatically injured Children

Comments All potential members of hospital trauma team invited to view a vedio of the
primary survey of an injured child & complete an anonymous on-line questionnaire of how they would
manage the child with differing vital signs & to evaluate potential team - hospital system delays.
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The case: 6 year old boy fallen from
tree, unconscious GCS =3, one
dilated pupil, breathing face-mask
oxygen spontaneously.

The question: the child has
normal vital signs for age, what
should be done before any CT
scan?

The next cases: same child, same
history and primary survey findings
except differing vital signs on screen.

The question: would you go to a
CT scanner without further
stabilisation?

The question: What are the
team & hospital delays to CT
scanning in your institution.
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a

Fig. 24.5  Example of a Field Assessment Conditioning Tool (FACT) report (for hospitals with CT scanning capability)
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FACT Positive Elementsb

Site Visit

Basic airway management External haemorrhage control Splinting of fractures Documentation

CME certification

QI program

Trauma Team

Basic closed fracture management

External & Intemal fixation

Spinal immobilisation

IV access&appropriate fluids

Blood transfusion capabilities

Wound care

Advanced airway management

Oxygen

Chest drains

Knowledge Test

Trauma Knowledge Test

Comments
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Adherence to Best Practice Key Timings

Comments

Child One

Child Tow

Best Practice Adhered to:

2 traumatically injured children (using high fidelity simulators as proxies for patients) presented to the Emergency
Dept bays and were managed in trun by trauma call activation and team managemant as per normal care provition.

Primary & secondary survey of Paediatric
Advanced Trauma Care Completed.
Immediate life threatening injuries assessed
& managed.
On identification of time critical head injury
appropriate neuro-protection, planning for
transport then imaging & operative
intervention under taken at Major Trauma
Centre.
Major haemorrhage protocal activated and
appropriately managed.

Time to senior
arrival

(minutes)

Time to senior
arrival (minutes)

Time to Fast Ultrasound Scan
of abdomen (minutes)

Time to blood administration
(minutes)

Time to IV / IO
access (minutes)

Time to firstfluid
bolus (minutes)

Time to
intubation

Time to Major
Haemorrhage Protocal

activation (minutes)

Time to pupil
check

(minutes)

<1 3

3

1

4

8

12

15

2 4 4

3

Time to
declaration of
dilated pupil 

Time to
discussion
with major

trauma centre

Time to
discussion with
 senior surgeon

(minutes)

50 true/false questions on the
management of paediatric trauma
completed by a randomly selected
trauma team.

Comments WHO essential trauma care checlist, maximum 3 scored for all components:

Fig. 24.5b  Continued
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FACT Positive Elementsc

All trauma team participants secored their own team
performances using the Observational Teamwork
Assessment for Surgery (Sevdalis et al 2006)

Consistently concerted effort to maintain
open communication

Clearty audible & well articubted

Information exchanged proactively &
politely

Hjghly effective communication
enhancing teamwork

Consistent effort to co-operate with
each other

Co-Operation enhanced team function

Members effort & supported

Members acknowledged requests &
acted immediately

Members present when required at
each stage

Consistent effort to co-ordinate tasks

Members proactively directed

Team co-ordinated individual & team
tasks

Members fully assertive regarding 
team process & changing events

Members provide direction &
explanation

Monitoring was highly effectivein
enhancing teamwork

Consistent effort in monitoring

Members vigilant toprocess & changes

Clearly evident monitoring of tasks

My team displayed good teamwork
skills

I Personally displayed good teamwork
skills

Number of Responses

0 2 4 6 8 10 120 2 4 6 8 10 12

0 2

Number of Responses Number of Responses

4 6 8 10 12 0 2 4 6 8 10 12

Data for 2 consecutively managed
traumatically
Injured child simulations.

Teamwork

Communication

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Strongly Disagree

Number of Responses

Disagree

Neutral

Agree

Strongly Agree

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Co-operation

Co-ordination

Leadership

Monitoring

Global Assessment

Fig. 24.5c  Continued
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FACT Delta Elements

Comments  Elements of team-hospital interaction identified by team members as factors that could improve care provision.

Comments  Delta elements linked to standard risk matrix of Untoward Incident Levels of research base hospital.Risk

Child 1 Delta Elements Categories Sub-categories

Within team
members present

Out-within team
members present

Switchboard
communication

Information - giving

Identification of
roles

Did not attend

Insufficient numbers

Too many attendees

Delay in arrival

Clinical

Equipment

Absent

Defective

Delay

Unfamiliarity

Suggestion

Delay in drawing up
/ checking

Unavailable

Unknown drug or
dosage

Location

Corridor obstruction

No check-in

Frequency of
comments-managing

child 1

1

0

4

0

0

1

1

0

0

0

0

0

0

6

0

0

0

0

0 0

0

0

0

4

0

1

0

0

0

0

0

0

0

1

0

0

0

2

1

0

0

1

1

1

Frequency of
comments-managing

child 2

Child 2 Delta Elements

Staff
13%

Knowledge
0%

Equipment
18%

Knowledge
0%

Equipment
12%

Child 1 Team’s feedback (one commenttype per person) Incident Leval

Major

Child 2 Team’s feedback
(one comment type per person)

“not enough room for all the bodies” Minor

Moderate

Low

Low

Incident
Level

“long delay in obtaining crashcall
protocols and infusions”

”crashcall online calculator slow to
access”
“clear problem with access to
crashcall.net”

“A&E bleep was not activated by
switchboard”
“did not know who was who”
“did not know where equipment was”

“blood could have arrived earlier”

“delay in asking for blood gas to get
Haemoglobin level”

Minor

Moderate

Low

Moderate

Low

Low

“switchboard told me there was no paediatric trauma team”
“Bleeped to attend as matemity anaesthetist”
“Switchboard unsure abouta paediatric trauma call”

“called urgently to emergency room – not called to paeds
trauma”

“batteries did not work for laryngoscope blade”
“paeds trolley lacked masks and circuit”

“no orthopaedic attendance”

“Intubation signif. delayed no access to cupboard & fridge

“weren’t able to find drugkeys”

“did not know who had drugkeys
“difficult to find drugs and equipment to draw up drugs”

“nurse as signed to prepare anae sthetic drugs struggled”
“ICU nurse would beuseful for RSI drugs/procedure”
“not been shown where equipment was so difficult to find”

“critical care consultant dealing with another case”

Drugs
38%

Other
0%

Drugs
44%

Other
0%

Communication
31%

Communication
22%

Staff
22%

Moderate

Other

Drugs

Equipment

Knowledge

Staff

Communication

d

Fig. 24.5d  Continued



312 L. L. Brown and R. J. MacKinnon

are clearly defined, the best mechanisms to obtain these 
goals can then be identified. These include online education, 
procedural task trainers, and in situ, mobile, or center-based 
simulation programs. The investigation of remote mecha-
nisms to facilitate and debrief procedural and interprofes-
sional training and the evolving collaborations between in-
stitutions across regions and countries are striving to make 
these resources available for all those who care for infants 
and children and who strive to deliver safe, high-quality care 
whenever and wherever it is required.

Moving forward, simulation has a key role to play in both 
better preparation of the healthcare facilities and systems 
and training to/maintaining excellent performance of the 
 healthcare providers (including paramedics, emergency medi- 
cal service personnel, physicians, nurses, and allied health 
professionals). Accepting the stance that the stabilization of 
a critically unwell child is a complex interplay between a 
team of providers and the healthcare facility they are in, one 
can postulate that the needs of both the healthcare provider 
and facility are symbiotic. To improve patient care, the rural 
healthcare system needs the participants, and vice versa. A 
future direction of simulation may be to explore how learn-
ing best occurs in the rural setting, how this learning is best 
disseminated (whether horizontally across all potential team 
members and/or vertically through the health facility gover-
nance tree), and how patient care is impacted.
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Simulation Pearls

1. Key elements for successful implementation of simula-
tion programs in limited-resource settings(LRS) must 
take into account sustainability and dissemination, col-
laboration with local health authorities and local stake-
holders, appropriate mannequin selection, and impact of 
culture and language on educational methodology.

2. Priority areas for application of simulation-based edu-
cation (SBE) in limited resource settings (LRS) include 
patient safety, clinical decision-making, technical skills, 
teamwork and communication development, and appro-
priate allocation of resources.

3. Telesimulation may be a method to share resources and 
educational expertise between more developed simulation 
programs and those in LRS, while m-Health technologies 
may be a way forward for data collection to demonstrate 
clinical impact after simulation program implementation 
in LRS.

4. Resuscitation training in both trauma and newborn resus-
citation in developing countries has been shown in stud-
ies to reduce mortality, but this has not been consistently 
demonstrated with other types of training programs to 
date.

5. SBE in the form of widely disseminated programs such as 
Helping Babies Breathe (HBB) has the potential to impact 
Millennium Development Goal (MDG) #4, to decrease 
the neonatal morbidity and mortality rates in LRS. Dem-
onstrating efficacy of these types of programs that are 
being implemented in global settings will be  important 

in their use as a platform to understand successful and 
sustainable education and implementation strategies.

Introduction

Uses of Simulation in Limited-Resource Settings

The past few decades have seen major advancements in tech-
nology within medicine and nursing, both for clinical care 
and for educational purposes. As a result, the old adage see 
one, do one, teach one has been largely supplanted by other 
forms of formative educational strategies that are more in 
keeping with patient safety priorities. SBE has many uses 
as a pedagogical strategy in medicine and can enhance the 
entire spectrum of both care and education, for both novice 
and expert clinicians. While many of the technological ad-
vances in medicine and SBE have had their footholds in the 
developed world, the idea of practicing on plastic has also 
seen an increase in the developing world, with applications 
of different types of simulations being implemented in LRS 
internationally, as part of an encouraging trend toward the 
globalization of healthcare education.

The need to promote skill development in both medicine 
and nursing care, in a manner that does not harm patients, 
has been a primary driver for pedagogical change through-
out the world. Development of educational infrastructure 
and integration of resources (such as simulation) becomes 
even more salient in the developing world, specifically in 
LRS. This is due to an epidemiologic mismatch of supply 
and demand; developing countries often have the highest 
burden of morbidity and mortality globally, while being 
under-resourced in the number of practicing clinicians and 
equipment within the country. Figures 25.1, 25.2, and 25.3 
demonstrate this mismatch pictorially in regard to a major 
worldwide problem, early neonatal mortality, compared to 
the number of healthcare workers worldwide. SBE programs 
to address early neonatal mortality on a global scale will be 
addressed later in this chapter.
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A World Health Organization (WHO) patient safety study 
identified ten key health areas where industrialized coun-
tries have the most to learn from the developing world; low-
technology simulation training was one of these key areas 

[1]. This chapter describes the various types of SBE in use 
within LRS, including mannequin-based simulation, partial 
task trainer models, standardized or simulated patients (SPs), 
virtual reality simulation, and screen-based or computer 

Fig. 25.2  Physicians working worldwide: In 2004, there were 7.7 mil-
lion physicians working around the world. If physicians were distrib-
uted according to population, there would be 124 physicians to every 
100,000 people. The most concentrated 50 % of physicians live in ter-

ritories with less than a fifth of the world population. The worst off fifth 
are served by only 2 % of the world’s physicians. (Reproduced with 
permission of www.worldmapper.org)

 

Fig. 25.1  Early neonatal mortality: territory size is proportional to the number of early neonatal deaths in that region, defined as deaths within the 
first week of life. (Reproduced with permission of www.worldmapper.org)
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 simulation. The chapter will also highlight SBE programs 
that have been implemented in multiple LRS internationally 
as an example of attempts to target MDGs established by the 
United Nations [2].

Pediatric Education for Practitioners and 
Clinicians in Limited-Resource Settings

Due to a lack of availability of specialist consultants, infants 
and children in LRS are often cared for by general practi-
tioners. However, many of these practitioners, while often 
quite skilled and clinically astute, have few formal training 
opportunities in the care of critically ill or injured children. 
This can result in a type of mental paralysis when confronted 
with a very sick child. In emergency situations with pediatric 
patients, one size does not fit all. It is well known and recog-
nized that caring for a critically ill child can entail significant 
cognitive burden when considering clinical elements such as 
weight-based dosing for fluids and resuscitative medications, 
age-based consideration of differential diagnoses, and need 
for different-sized equipment for resuscitation of infants, 
children, and adolescents [3]. There are a multitude of other 
physiological, psychological, and psychosocial factors that 
also impact clinical care for children in these settings [4]. 
Surveys of practicing clinicians in LRS in parts of Africa and 
Asia identified significant self-assessed knowledge deficits 

in caring for critically ill children and identified skills train-
ing and education in this area as a major priority. Practitio-
ners cited lack of knowledge in algorithms/protocols, limited 
opportunity for hands-on practice, and lack of knowledge in 
functionality of resuscitative equipment (e.g., defibrillators) 
as major barriers to caring for critically ill children in their 
settings [5]. This is where pediatric simulation can play a 
major role in identifying and seeking closure to these gaps in 
both knowledge and skills.

Overview of Simulation-Based Education 
Implementation and Interventions in Limited-
Resource Settings

Assessment and evaluation methods in medical education 
that are used in many settings in North America and Europe 
can often be inaccurate, expensive, and/or infeasible in many 
LRS. Therefore, innovative approaches are critical when im-
plementing new assessment methods in these settings. Simu-
lation is one of these creative approaches that can be used 
in the education and assessment of practicing clinicians in 
urban and rural settings, including community health work-
ers and traditional birth attendants (TBAs) functioning in 
LRS. In many of these settings, a country’s lack of avail-
able trained medical and nursing staff is a major obstacle that 
impedes progress toward improving healthcare outcomes. In 

Fig. 25.3  Nurses working worldwide: The USA, China, and the Rus-
sian Federation are where the largest number of nurses work. However, 
the highest numbers of nurses per person can be found in Western Euro-
pean territories such as Finland and Norway. The fewest nurses working 

per person in the population are in Haiti, Bangladesh, and Bhutan—ter-
ritories where there is much more need for nurses than is found in many 
other places. (Reproduced with permission of www.worldmapper.org)
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developing countries, inadequate initial assessment, inap-
propriate treatment, and inadequate monitoring contribute 
to poor outcomes, in part because in-hospital care providers 
are frequently undertrained in life support techniques [6–11]. 
The use of simulation in the creation of a sustainable system 
to manage emergencies can help to negate these obstacles.

A systematic review of the literature on resuscitation 
training in developing countries concluded that training in 
trauma and newborn resuscitation in developing countries 
has been shown to reduce mortality in some studies, but this 
has not been demonstrated with other training programs [12]. 
For example, several studies of trauma resuscitation train-
ing in developing countries have demonstrated improvement 
in survival and reductions in mortality from 3 to 33 % after 
training of both prehospital and hospital-based providers 
[13–16]. In terms of newborn resuscitation, improvement 
in operational performance of hospital-based providers was 
associated in one study with a decrease in asphyxia-related 
deaths, while improved performance of TBAs in the com-
munity was associated with a decrease in overall mortality in 
another study [17, 18]. Two studies of newborn resuscitation 
programs examined effect of training on neonatal (28 days) 
or early neonatal (7 days) mortality and were able to demon-
strate a successful improvement in survival [19, 20]. On the 
other hand, several studies in LRS involving adult life sup-
port training were unable to demonstrate an association be-
tween training and improved long-term patient survival [21, 
22]. Unfortunately, at the time of the systematic review, there 
were no studies of pediatric life support training that exam-
ined subsequent changes in patient outcomes in the clinical 
setting in LRS.

Simple, community-based interventions have improved 
mortality in both developed and developing countries 
[23–28]. Most studies that reported positive outcomes in 
knowledge acquisition did so by using differences between 
 cognitive assessments at various time intervals in relation to 
training intervention, but no studies exist which link cogni-
tive knowledge to patient outcome. Many studies reported 
psychomotor skills post training, but few used validated 
scoring systems. Incomplete contextualization of SBE de-
signed originally for resource-rich settings often creates a 
barrier to effective education. Methods for consideration 
by educators in order to overcome these barriers in LRS are 
suggested in Table 25.1.

Other studies have assessed models for the design of 
training programs in fields beyond resuscitation and acute 
care, such as surgical training programs in rural locations in 
Romania and Botswana with demonstration of significant 
improvement in technical skills [29–32]. Many surgical sim-
ulation studies have focused on the feasibility and cost-effec-
tiveness of task trainer simulation in LRS and the use of this 
type of simulation to develop training programs to address 
the human resources deficit in developing countries [33–36].

Innovative models and simulators for use in LRS must 
address portability, sustainability, and cost-effectiveness. 
They must be simplistic while maintaining fidelity. One 
example, used in Guyana, is a reusable tool to introduce a 
standard hollow needle for pediatric intraosseous (IO) infu-
sion designed for use in LRS, where standard IO needles 
are often unavailable for emergency use [37]. Another ex-
ample is the development of a low-cost simulator for man-
agement of postpartum hemorrhage (PPH) in Africa to train 
TBAs and nurse midwives in the use of bimanual compres-
sion to manage PPH [38]. The assessment of this simula-
tor’s efficacy included its use to train illiterate learners, since 
some TBAs living in rural areas may not be literate. Another 
example within the field of obstetrics is the creation of an 
inexpensive low-technology birth simulator that has been 
successfully used in Mexico and other countries for obstetri-
cal emergency training (Fig. 25.4; [39]). Other studies have 

Table 25.1  Considerations to overcome barriers to implementation of 
simulation-based education (SBE) programs in limited resource settings

Collaborate with local experts to maintain overarching themes while 
adapting to local cultural and clinical contexts
Create simulation scenarios tailored to the local clinical setting
Track operational performance and evaluate patient outcomes after 
training
Anticipate higher-than-expected requirements to maintain essential 
functioning equipment for adequate practice
Increase allotted time for the course to incorporate local cultural 
norms and to consider language comprehension for non-native 
speakers

Fig. 25.4  PartoPants™: This simulator is made from a modified pair 
of surgical scrub pants outfitted with a vagina, a urethra, a rectum, and 
other anatomical landmarks. It is designed to be worn by an actress or 
standardized patient who simulates a birth, postpartum hemorrhage, or 
an eclamptic seizure. This low-technology, low-cost simulator has been 
used as part of a larger program called PRONTO (Programa de Rescate 
Obstétrico y Neonatal: Tratamiento Óptimo y Oportuno), focusing on 
improving the quality of care for women and neonates during obstetric 
emergencies in response to the WHO Millennium Development Goals 
4 and 5. More than 2400 providers have been trained in six countries 
(Mexico, Guatemala, Kenya, Ethiopia, Namibia, and India) through 
early 2014 using this simulator. (Figure used with permission from 
PRONTO International; [86])
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discussed the use of this type of low-technology simulator 
in coordination with an SP as a form of hybrid simulation 
to enhance realism for learners [40]. All of these simulation 
models represent creative thinking to overcome cost and ac-
cess limitations in LRS. Diffusion of these innovations has 
the potential to benefit health care in both the developed and 
developing worlds.

Challenges and Barriers in Limited-Resource 
Settings Simulation with Proposed Methods 
and Solutions to Overcome Them

Cultural Considerations

The examples above show that simulation is feasible and can 
be effective in global settings. However, conducting simu-
lation and debriefing in LRS requires consideration of the 
culture and language of the region in order to be maximally 
effective. Culture can be conceptualized as shared motives, 
values, beliefs, identities, and interpretations or meanings of 
significant events that result from common experiences of 
members of collectives that are transmitted across genera-
tions [41]. There is often a dichotomy between Western and 
non-Western cultures in ways of learning and conceptualiz-
ing entities such as the team construct [42]. This dichotomy 
can become particularly salient when considering the pro-
cess of debriefing, discussed further below. With appropri-
ate cultural contextualization, simulation has the potential to 
improve several areas of team functionality, including mem-
bership, role, context, process, and action-taking by focusing 
intentional learning effort and debriefing on each of these 
areas [43].

However, in experiential learning, an individual must also 
engage in reflective practice in the process of debriefing after 
simulation participation. Most studies of effective debrief-
ing models stem from Western cultures and therefore may 
not always be generalizable to other cultures and settings. 
In debriefing, the instructor ideally functions as a facilitator 
for reflective group discussion by the learners. However, in 
cultures where saving face is important and deference to an 
instructor or teacher is valued over disclosure of personal 
viewpoint, a simulation debriefer may find the learner group 
minimally communicative and seemingly unwilling to en-
gage in reflective practice. This may be due, in part, to the 
fact that the process of metacommunication (communicating 
about communication) in non-Western cultures is conceptu-
alized very differently. Participants in a team-based simula-
tion will often be hesitant to reflect on any team performance 
that seems critical of a team leader, particularly when the 
team is interprofessional and of mixed gender [43].

Culture also has an impact on conceptualization of differ-
ent team dynamics, including hierarchy, leadership/follower-

ship models, and role delineation within teams. This may be 
influenced by different cultural interpretation of values, such 
as the more stereotypically Western individualism as com-
pared to the more Eastern collectivistic approach to team dy-
namics and learning [32]. Similarly, there are some cultures 
that value communal learning and others in which learning is 
an individual enterprise [41]. In ad hoc teams with members 
from different cultures and nations, this dichotomy can cre-
ate barriers to communication and effective patient care and 
can create problems in SBE ranging from nonacceptance of 
the fiction contract in simulation to unwillingness to engage 
in an active learning strategy. Simulation itself can often help 
to improve communication and create a shared mental model 
that reach beyond cultural bounds for these types of teams 
[43]. These shared mental models can improve the function-
ality of medical teams in the care of patients [44].

There is no one-size-fits-all solution to these cultural 
issues that can be barriers to effective implementation of 
simulation programs. In many ways, broad awareness and 
recognition of the issues and cultural differences by facilita-
tors can be the first step in overcoming the potential barriers. 
However, several studies in the literature describe curricular 
adaptations that have been made for SBE programs in LRS 
(ranging from virtual patients to computerized patient simu-
lation) to address cultural humility, sociocultural constraints, 
local epidemiology, and language differences [45–47]. Ad-
aptations of curricula must also consider the influence of 
culture on assertiveness and leadership styles, uncertainty 
avoidance, reflective capacity, and individual’s degree of in-
troversion/extroversion in order to be successful. Facilitators 
should incorporate more time than anticipated for teaching 
and debriefing in order to factor in these considerations.

Impact of Language on Teaching and 
Comprehension for Learners

Implementation of any new simulation programs interna-
tionally will require consideration of cultural sensitivity and 
linguistic factors if a program is to be successful longitu-
dinally. In a study conducted across medical professionals 
in different countries in Asia, Africa, and South America, 
physicians and nurses identified language as a major com-
ponent for misunderstanding during the conduct of simula-
tion debriefings [43]. Accented speech, methods of pronun-
ciation, differing colloquialisms, or frank language barriers 
were identified as the origin of misunderstandings and lack 
of awareness by team members. As a potential solution, 
the widespread use of skilled interpreters and translation of 
teaching materials in advance of a planned course or pro-
gram can be critical to successful implementation of simu-
lation programs in LRS. As mentioned above, facilitators 
and instructors must also allocate more time than usual for 
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 teaching and debriefing when language is a factor, particu-
larly when interpreters are utilized. It can be helpful to use 
interpreters who have a clinical background, rather than lay-
men, as this facilitates logical translation of medical termi-
nology in other languages.

Impact of Language on Debriefing Techniques 
and Strategies

The article It Is Time to Consider Cultural Differences in 
Debriefing discusses the importance for facilitators to un-
derstand an individual’s frame of reference or mental model 
in order to optimally structure a debriefing experience [48]. 
However, this may not be possible when there is a difference 
in native language between debriefer and learner. In most 
forms of Western communication, it is the speaker who is ex-
pected to communicate ideas without ambiguity, compared 
with a more receiver-oriented culture, in which the listener 
is responsible to make sense of a communication. Some cul-
tures may value courteous communication over assertive 
communication and may use mitigated speech when debrief-
ing, so as not to offend the learner or receiver. In the field of 
medicine, however, this could be a threat to patient safety in 
the clinical setting, particularly if the mitigated speech does 
not properly address a knowledge or skill deficiency. These 
potential barriers make the essential argument for use of in-
terpreters and native speakers as part of the debriefing team. 
The native speakers should ideally understand the cultural 
values and linguistic idiosyncrasies in the setting where the 
debriefing is occurring, thereby serving as a filter and inter-
preter in order to maximize communication and reflective 
learning. The barriers discussed above could also potentially 
be overcome, in part, by wide adoption of the good judgment 
and advocacy/inquiry models of debriefing [49, 50]. These 
models, if taught properly, could appeal to a wide variety of 
cultures, in that the model acts as a springboard to explore 
the learner’s viewpoints, beliefs, assumptions, and frames of 
references—all elements that could be a source of cultural 
misunderstanding between debriefer–learner dyads from 
different cultures. However, instructors may still find diffi-
culty even when using the debriefing-with-good-judgment 
approach when debriefing learners from cultures in which 
deference to authority and elders is culturally important 
since the learners may feel reluctant to express views that 
seem to contradict the instructor. In this context, the recourse 
recommended is explicit preparation regarding the goals and 
norms of the simulation environment, but difficulty may still 
exist [48].

Other models and techniques of debriefing that promote 
facilitated discussion, active reflection, and self-discovery 
may also be helpful in LRS with participants who have lan-
guage and cultural barriers. When teaching using a train-

the-trainer model in LRS, it is crucial for new trainers to 
explicitly understand and role model the difference between 
giving feedback to learners on their performance and de-
briefing after simulation (see Chap. 3). Some facilitators 
have anecdotally reported successful use of the structured 
and supported debriefing GAS (Gather–Analyze–Summa-
rize) model with mixed group learners from different lin-
guistic backgrounds, even with clinical bedside teaching and 
debriefing in international settings [5, 51]. This model, de-
veloped in collaboration with the American Heart Associa-
tion (AHA) for the Advanced Cardiac Life Support (ACLS) 
and Pediatric Advanced Life Support (PALS) courses, is 
a learner-centered process that can be rapidly assimilated, 
is scalable for different levels of learners, and is designed 
to standardize a debriefing interaction following a simula-
tion scenario, making it ideal for use in LRS and simulation 
courses utilizing cascade train the trainer models. In addi-
tion to promoting learner self-reflection and self-discovery, 
the GAS model promotes closure of performance gaps 
through discussion and reflection and elicits how learn-
ers will change actions in subsequent practice [52]. It can 
integrate educational objectives for each scenario in the 
analysis phase of the debriefing, thus ensuring that goals for 
an educational session are achieved and any performance 
or knowledge gaps are discussed and addressed. The GAS 
model has already been successfully integrated into debrief-
ing tools for real-time use during PALS to enhance and stan-
dardize a scripted debriefing process for PALS instructors 
[53]. This scripted debriefing process has been shown to be 
more effective at increasing acquisition of knowledge and 
team leader behavioral skills than non-scripted debriefing 
[54]. It is easy to see how these tools could be adapted for 
use in LRS, both within PALS instruction and other uses of 
pediatric SBE.

It is also worth considering that there may be a role for 
both terminal and concurrent debriefing techniques with 
learners in LRS, depending on the learning goals and ob-
jectives. When significant language barriers exist and inter-
preters are being used, facilitators may find concurrent de-
briefing to be useful to correct cognitive errors and enhance 
understanding in real time, particularly when the focus is on 
skill development. This is an important consideration that 
should be discussed and agreed upon by facilitators and de-
briefers in advance when establishing courses and programs 
in LRS. Some facilitators may also find the incorporation of 
the rapid cycle deliberate practice model to be helpful with 
learners in LRS when the learning objectives include rapid 
acquisition of procedural or teamwork skills. This method, 
which applies concepts of overlearning and automatization 
to create muscle memory for skill mastery, utilizes more 
directive feedback and prioritizes opportunities for learn-
ers to repeatedly practice skills with coaching over lengthy 
debriefings [55]. This model could be integrated into SBE 
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in LRS when mastery of a skill is a critical learning objec-
tive and language differences preclude complex or lengthy 
debriefings.

Essentially, SBE and debriefing methods that combine 
opportunities for repetitive practice with reflection and facil-
itated discussion would be useful when functioning in LRS 
in order to draw on student’s professional experiences and 
enhance their motivation to assimilate new concepts.

Local Support Considerations

Partnerships with in-country practitioners or stakeholders, 
ministries of health (MOH), and nongovernmental organiza-
tions (NGOs) can help to overcome barriers of competing 
priorities and potential diversion of resources in LRS. While 
this is not always an easy task, some groups have found suc-
cess by partnering with local medical schools, academic in-
stitutions, and universities in LRS to establish, develop, and 
nurture relationships with MOH and ministries of education, 
but this is of course quite variable from country to country. 
Some programs such as HBB maintain online lists of coun-
try-by-country partnering organizations and academic af-
filiates working toward program implementation in various 
LRS. Opportunities for collaborative and cross-disciplinary 
international projects should be considered in order to pro-
mote widespread dissemination of programs and educational 
interventions. Collaboration with MOH to establish SBE 
programs is an essential component of program advocacy 
and realistic potential for widespread acceptance, adoption, 
and dissemination. When considering implementation and 
teaching of algorithms in pediatric resuscitation and pedi-
atric acute care, it is critical to ensure that what is taught is 
consistent with local MOH protocols. These protocols may 
differ in LRS from traditional algorithms taught in PALS 
courses due to the types of diseases and comorbidities seen 
in LRS, such as malnutrition or dengue shock as consider-
ations in fluid resuscitation.

Models for program delivery and dissemination should 
consider train the trainer paradigms that can also encour-
age program sustainability and local stakeholder invest-
ment. Any individual, team, or organization that endeavors 
to undertake simulation in LRS should be willing to invest 
in system strengthening and capacity building within that 
setting. A plan to demonstrate and measure both short- and 
long-term impacts is key to obtaining or sustaining funding 
for educational projects in these settings. The establishment 
of attainable and realistic educational goals and rigorous 
research methodology to measure impact are the basis for 
effecting change. Achievement of pragmatic goals will re-
quire interprofessional input from local healthcare provid-
ers as partners to incorporate diversity of perspectives and 
 experience.

Program Scalability and Sustainability

It is often the case with pilot education projects that it is 
initially easier to plan an educational conference or training 
session outside of the clinical environment. This allows for 
assurance of quality as well as the ability to teach large num-
bers of learners rapidly while utilizing the simplest logistics 
for the intervention. Additionally, the ability to teach at scale 
allows lowering of direct price per student from the support-
ing agency. However, these methods often have unanticipat-
ed indirect costs on an already limited system. Conference-
style educational interventions can require large numbers of 
personnel to be away from clinical duties, and often there is 
not enough personnel resource redundancy, leading to sig-
nificant decrements in clinical staffing during the training. 
Additionally, large conferences lead to more general and 
less practical training—leading to a one size fits none pro-
gram. Finally, large group education tends to move toward 
unidirectional, didactic training and decreases the efficiency 
of educational transfer associated with SBE. In considering 
solutions to these potential barriers, it is important in LRS 
to consider instructor to learner ratios in order to maintain 
small group learning methodologies that are essential to suc-
cessful SBE.

Telesimulation and m-Health Technologies
A technological innovation that has advanced the field 
of international simulation in LRS is the phenomenon of 
telesimulation. This combines the principles of simulation 
with remote Internet access to teach procedural skills, con-
duct simulated resuscitation sessions, or teach other concepts 
remotely to target learners in LRS. This technology has been 
used successfully in the field of surgery to teach laparoscopic 
skills as well as the procedure of IO needle insertion [22, 56]. 
The utility of telesimulation was also used to conduct pedi-
atric resuscitation training and debriefing sessions between 
consult and remote hospitals, with a trend toward improved-
quality cardiopulmonary resuscitation (CPR) endpoints by 
practitioners in remote hospitals [57]. Telesimulation may be 
a way to overcome lack of specialty expertise within LRS, 
with remote teaching and/or local faculty development by 
facilitators in developed nations.

Mobile phone messaging applications, such as short mes-
sage service (SMS) and multimedia message service (MMS), 
may offer a way to support data collection and reporting in 
the field of simulation education in LRS. M-Health is the 
provision of health-related services using mobile communi-
cation technology. Many modern information and commu-
nication technologies are not yet widely available in LRS. 
However, the mobile phone is a notable exception that has 
reached even remote ares in many low- and middle-income 
countries. M-Health tools have been successfully used as 
data collection devices, assessment tools, and real-time 
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 surveillance techniques and platforms for delivering sustain-
able interventions [58]. Several investigators have reported 
on the use of mobile phones to collect data on pregnancy 
outcomes, PPH rates, and other health outcomes in remote 
areas of Ghana and Liberia [59–61]. There is great potential 
for the use of this type of technology to remotely assess both 
skill retention and actual clinical outcomes after simulation-
based training in these settings.

Implementation of Mannequin and Task 
Trainer Simulation in Limited-Resource 
Settings

Technology Versus Fidelity and Their Roles in 
Creating Sustainability in Limited-Resource 
Settings

The concepts of fidelity and transfer of learning are salient 
in the developing world when considering sustainability 
and scalability of a simulation program in LRS. It is often 
assumed that high-technology mannequins or equipments 
translate to high-fidelity environments and transfer of learn-
ing to clinical settings. However, this is not always the case, 
nor is it feasible and sustainable in many LRS, where limi-
tations can range from lack of trained human resources to 
frequent loss of a consistent electrical power source. The ex-
ample below of the HBB program demonstrates a large-scale 
and widespread simulation program initiative in the develop-
ing world that utilizes low- to medium-fidelity equipment to 
create a sustainable educational framework [62].

Mannequin Design Considerations for Limited-
Resource Settings

Any health technology or simulator that is developed specifi-
cally for LRS must conform to certain considerations that are 
often unique to these environments. These include:

1. Harsh environmental conditions including temperature 
extremes, humidity, and dust.

2. Supply chain: Distribution and repair of simulators can 
be challenging in LRS. Industry support for higher tech-
nology simulators in many countries is usually lacking. 
Therefore, mannequins that require disposables, replace-
ment parts, or frequent servicing are less likely to remain 
operational.

3. Lack of operator training: Mannequins in LRS generally 
need to be simple enough that community-level providers 
with limited training can safely and effectively use them 
to disseminate teaching programs. Therefore, their design 
must be relatively simplistic and user-friendly.

4. Cost: Per capita healthcare expenditures in LRS are a small 
fraction of what they are in the developed world, which 
results in enormous cost pressures on healthcare products 
for LRS. Simulation technologies are often unaffordable 
for both governments and individuals in LRS. This will 
inevitably result in a lack of supply of healthcare technolo-
gies by established manufacturers to LRS markets.

5. Need for quality: Simulation technology for LRS markets 
need to be of at least as high quality and reliability as 
those for developed countries to be setting appropriate 
and achieve impact. A simulator that fails in the devel-
oped world can usually be readily replaced or fixed, but 
that may not be possible in LRS, as discussed above.

6. Paucity of country-specific evidence: Most simulation 
technology and devices are designed and developed for 
populations in high-resource countries that typically con-
stitute the primary and most lucrative markets for these 
products. The vast majority of simulation task trainers 
have not been evaluated in LRS. This leaves LRS popu-
lations vulnerable to suboptimal devices for their educa-
tional needs.

MamaNatalie® Birthing Simulator
MamaNatalie® is a simulation device, worn by an SP or faci-
litator that can simulate PPH, high-risk deliveries, and a wide 
range of other obstetric complications (see Fig. 25.5a, b). 

Fig. 25.5  a MamaNatalie® 
Birthing Simulator and b its use 
in situ: This simulator is strapped 
on to the operator who takes the 
role of the mother and manually 
controls the training scenario. 
The simulator has the following 
features: bleeding to simulate 
postpartum hemorrhage, position-
ing and delivery of the baby, de-
livery of the placenta, fetal heart 
sounds, cervix landmark, urinary 
bladder catheterization, uterine 
massage, and uterine compres-
sion. (Photos used with permis-
sion from Laerdal Medical)
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The mannequin was designed to be used in collaboration 
with NeoNatalie® for training of TBAs and midwives in 
LRS, who may need to manage care of both mother and in-
fant after delivery. The use of this simulator is being increas-
ingly implemented in LRS where emergency obstetric care 
may be limited to community health workers and TBAs as 
part of the Helping Mothers Survive: Bleeding After Birth 
(HMS:BAB) program. This SBE program is aimed at reduc-
ing PPH, the leading cause of maternal mortality worldwide 
and another target of the WHO MDGs [63, 64].

NeoNatalie® Newborn Simulator
NeoNatalie® is a low-technology inflatable neonatal simu-
lator designed to teach basic neonatal resuscitation skills 
(see Fig. 25.6a and b). The simulator’s features include 
crying, spontaneous breathing, chest wall movement with 
 bag-mask ventilation, and umbilical cord pulsation. It was 
purpose-built for the HBB program and has been used in LRS 
for dissemination of the HBB curriculum described below.

Examples of Program Implementation in Limited-
Resource Settings Using Mannequin Simulation

Helping Babies Breathe Program

HBB is an initiative of the American Academy of Pediatrics 
in collaboration with other partners, developed with cur-
ricular input from WHO. It is a neonatal resuscitation cur-
riculum using SBE for resource-limited circumstances [62]. 
Prior curricular programs in Essential Newborn Care (ENC) 
and Neonatal Resuscitation Programs (NRP) with birth at-
tendants in rural communities demonstrated mixed outcomes 
[65–67]. Data from observational studies have shown that 
community health workers can perform basic resuscitation 

skills that have the potential to substantially reduce intrapar-
tum-related neonatal deaths, but that a major gap existed in 
terms of strategies to address home births and births in rural 
and LRS facilities far from referral institutions [68]. The 
HBB program was developed to address these gaps.

The program was piloted in Kenya and Pakistan, where 
assessment of participant knowledge and skills pre-/post-
program demonstrated significant gains. Bag-valve-mask 
ventilation was identified as a skill that required more ac-
tive practice and mentoring in order to be mastered by some 
participants [69]. The program has subsequently been imple-
mented in several LRS countries, and studies of its efficacy 
in these settings are ongoing. In India, a train the trainer 
cascade model was used to train almost 600 birth attendants 
from rural primary health centers and district and urban hos-
pitals. Investigators examined over 4000 births before and 
after implementation of training and were able to demon-
strate a significant reduction in stillbirths in the area where 
training had been integrated. However, neonatal mortality 
rates overall remained unchanged [70].

The HBB strategy was used to train master instructors 
in Tanzania, who subsequently delivered the program to re-
gional instructors, who in turn trained health providers in 
smaller facilities. Within the 2 years after intervention, there 
was a 24 % reduction in the rate of stillbirths and a 47 % re-
duction in early neonatal mortality, defined as death within 
the first 24 h. This program focused on grassroots birth at-
tendants practicing in rural facilities rather than on hospital-
based physicians [71]. HBB program implementation has 
also been formally studied in Ethiopia, Rwanda, and Nepal 
with promising preliminary results toward the objective of 
addressing MDG #4 to reduce child mortality [72–74]. The 
preliminary successes of this type of program demonstrate 
the feasibility of an evidence-based curriculum utilizing 
SBE in LRS.

Fig. 25.6  a NeoNatalie® 
Newborn Simulator for neonatal 
resuscitation and its use in situ in 
Senegal: An inflatable, portable 
simulator designed to teach basic 
neonatal resuscitation skills. The 
simulator has a natural weight 
when filled with water and in-
cludes features such as spontane-
ous breathing, palpable umbilical 
pulse, and crying. It can be used 
for role-play scenarios such as 
normal post-birth care, standard 
resuscitation, positive pressure 
ventilation, and chest compres-
sions. Training materials have 
been translated into multiple 
languages for use in LRS around 
the world, as can be seen in b. 
(Photos used with permission of 
Laerdal Medical)
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Saving Children’s Lives Program
Saving Children’s Lives (SCL) is an initiative of the AHA 
in collaboration with the Children’s Hospital of Philadel-
phia that aims to reduce under-five mortality rates (UFMR) 
through a contextualized resuscitation training program 
utilizing SBE. It is designed to increase healthcare provid-
er competence to treat pneumonia and diarrhea, improve 
system-level reporting of resource availability, and increase 
reporting of quality of provider performance. Begun in late 
2013, this program has been piloted in Tanzania and Bo-
tswana, with early data showing significant improvement in 
provider confidence and knowledge of correct management 
of acute pneumonia and diarrhea [75]. The SCL program 
is also being piloted in Gujarat, India, to train community 
health workers to coordinate with local emergency response 
systems to identify and treat children in the community with 
pneumonia and diarrhea early in their disease course.

Operation Smile—Simulation-Based Education in 
Perioperative Pediatric Training
SBE has a role in mission-based healthcare delivery as well. 
Operation Smile, an NGO focused on cleft lip and palate re-
pair, has endeavored to develop increased local capacity in 
LRS countries where clefts are epidemiologically common. 
In collaboration with SBE experts, an educational periopera-
tive pediatrician (POP) training program was developed for 
Operation Smile pediatric volunteers from LRS countries. 
Based on the AHA PALS course, POP was tailored to the 
clinical situations commonly presenting during perioperative 
emergencies in LRS. The program was implemented with 
clinicians from different cultures and linguistic backgrounds, 
being piloted with students from nine different countries [76]. 
High-fidelity simulators and real-time language interpreta-
tion were used to enhance active learning. During the 2-day 
course, over 50 % of the time was spent in hands-on simula-
tion training. The SP scenarios developed for the POP course 
are also commonly used as preparatory mock codes during 
missions, which are implemented with the clinical care team 
prior to the first surgical case during mission-based surgery. 
These contextualized simulated emergency scenarios serve 
as a mechanism to enable ad hoc mission teams to discuss 
threats to patient safety, reinforce emergency protocols, and 
allocate team roles during emergency situations arising dur-
ing the surgical missions.

Emergency Triage Assessment and Treatment
Emergency Triage Assessment and Treatment (ETAT) is a 
three and a half-day course designed by the WHO based on 
the UK Advanced Pediatric Life Support Training and tai-
lored to LRS. Its simulated scenarios are designed to teach 
health workers with limited clinical background to triage 
sick children as well as initiate treatments for airway and 
breathing, circulation, and neurologic emergencies in chil-

dren under 5 years of age. Although simulation mannequins 
are not mandatory, the course utilizes existing resources 
and equipment to train participants, which increases the rel-
evance to the participants’ work environments [77, 78].

Examples of Simulation-Based Education 
Programs Using Task Trainer Simulation

There are a multitude of studies on CPR training in LRS, 
but few of these examine comparative SBE teaching mo-
dalities with feedback [79, 80]. One study that did so ex-
amined whether task trainer CPR mannequins with feedback 
and lower instructor to student ratios could train learners as 
well as traditional instructor-led CPR [81]. Baseline perfor-
mance data were collected on healthcare providers in Bo-
tswana using CPR task training mannequins and then pro-
spectively randomized participants to three training groups: 
instructor-led, limited instructor with mannequin feedback, 
or self-directed learning. Subsequently, serial examinations 
on performance were measured after training up until 6 
months post training. Excellent CPR skill acquisition was 
significant and was retained to 3 and 6 months. Novel train-
ing with mannequin feedback was not inferior to traditional 
instructor training [81]. This is encouraging data to support 
the use of simple task training mannequins with feedback in 
LRS. The use of feedback mannequins may be more reliable 
and equally cost-effective to developing and maintaining a 
large training infrastructure in LRS.

Use of Simulated or Standardized Patients 
and Hybrid Simulation in Limited-Resource 
Settings

Simulated or Standardized Patients (SPs) have been used in 
LRS for both instruction and assessment [82–84]. In LRS 
that may be remote from tertiary care facilities and therefore 
may not have access to specialty care patients, SPs can sup-
plement the learner experience by providing a standardized 
presentation of specific disease processes for both formative 
and summative learning. SPs also provide psychological 
safety within the learning environment for novice learners, 
particularly in the practice of sensitive examinations, such 
as pelvic breast or rectal examinations, which may be even 
more critical in certain sociocultural and religious contexts. 
In some conservative societies, female patients may refuse 
certain providers and not be willing to allow students to ex-
amine them.

Researchers in Myanmar used SPs playing the role of a 
patient’s mother to assess ability of providers to diagnose 
and treat pediatric malaria [83]. Another development in SP 
simulation has been in the use of online virtual patients for 
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technological skills instruction and capacity building for 
healthcare educators in Malawi [85]. These virtual patients 
are designed by teams of healthcare professionals to be con-
textualized for in-country medical education.

SPs provide a degree of fidelity which is not possible 
when using mannequins alone. However, partial task train-
ers and mannequins provide students with the ability to prac-
tice invasive procedures such as venous cannulation, urinary 
catheterization, and sensitive examinations to which SPs 
may not wish to be subjected. When a partial task trainer 
(such as a pelvic exam model or rectal model) and an SP are 
combined, as in the case of a hybrid simulation, students are 
able to participate in a realistic human interaction and prac-
tice communication skills while performing basic clinical 
skills (see Fig. 25.7a and b). Hybrid simulation has also been 
used in medical and nursing school curricula in the Middle 
East, where gender and religious preference often limit stu-
dent exposure to opposite-sex, gender-specific examinations 
[84]. Investigators have been able to demonstrate improved 
student confidence in sexual history taking and breast/pelvic 
examination skills after participation in hybrid simulations 
designed to teach these skills.

The Future of Simulation-Based Education in 
Limited-Resource Settings

With the ongoing globalization of medical education, LRS 
are the next frontier in SBE. If the medical community at 
large is able to address many of the MDGs, it must be with a 
platform in mind for global educational reform as a priority 
to accomplish these goals. Simulation can and should play a 
major role in this platform. It will be crucial to anticipate and 
address in advance the many challenges that will be inherent 

in this. The importance of program dissemination, sustain-
ability, and local buy-in cannot be understated. The creation 
of sustainability can be a difficult process, but involving 
interprofessional local in-country partners is a critical and 
key component in the process in order to obtain diversity of 
perspectives and ensure pragmatic applicability of programs. 
Other challenges will include competing priorities and po-
tential diversion of resources by MOH, Ministries of Edu-
cation, and other governmental agencies that often govern 
these types of programs in LRS countries.

Educators must also consider the global epidemiology of 
disease burden and ensure that SBE programs address this 
epidemiology in a country-specific or region-specific man-
ner. Essential to this process is the creation of learning ob-
jectives and program goals that align with local needs and 
protocols in order to address pertinent medical issues that 
are relevant to a particular country or area. Within the field 
of pediatrics, many platforms for SBE in LRS have already 
begun, but further demonstration of both short- and long-
term impacts of these programs will be the key to sustain 
funding and interest. As mentioned above, organizations that 
undertake simulation in LRS must be willing to invest in sys-
tem strengthening and capacity building in the settings where 
they establish these programs. It is now incumbent upon the 
medical education community to ensure that these programs 
achieve success through the use of rigorous research meth-
odologies, with the ultimate goal being improvement in cur-
rent and future health care for children on a global scale.
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1. The four guiding principles of patient- and family-cen-
tered care (PFCC) are respectand dignity, information 
sharing, participation, and collaboration. These princi-
ples are also the foundation for all simulations for PFCC.

2. Simulation for PFCC may be modified to meet cultural 
and linguistic needs of the family.

3. The patient and the family are the center of the learning 
experience in simulation for PFCC and may serve as both 
learners and educators.

4. Create a home instead of a medical environment for simu-
lations so that patients and home caregivers are able to 
explore and practice how they would provide care within 
their own environments and resources.

Introduction  
What Is Patient- and Family-Centered Care?

PFCC is an approach to healthcare that recognizes the vital 
role that families play in the health and well-being of infants, 
children, and family members of all ages. The planning, de-
livery, and evaluation of this healthcare are grounded in a 
mutually beneficial partnership among healthcare providers, 
patients, and families. When implemented, this approach 
shapes policies, programs, facility design, and daily interac-
tions. Healthcare providers practicing PFCC see healthcare 
interactions as opportunities to support patients and families 
in their caregiving and decision-making roles [1–4]. By ac-
knowledging the importance of emotional, social, and de-
velopmental support, these healthcare providers are able to 
engage the family and patient as essential members of the 
healthcare team. In pediatrics, PFCC practitioners under-
stand that the family is the child’s source of strength and 
support and both the child’s and the family’s perspectives 
are important in clinical decision-making. Positive PFCC 
experiences lead to better outcomes, increased parental con-
fidence in their roles, and greater patient and family satisfac-
tion. It may also encourage children and young adults to take 
responsibility for their own healthcare [1, 2].

PFCC has four guiding core principles [1]:
1. Respect and dignity. PFCC providers listen to and respect 

each child and family. Care is provided for a person, not a 
condition. Patient and family values, beliefs, and culture 
are incorporated into healthcare planning and delivery.

2. Information sharing. Complete, honest, unbiased infor-
mation is shared with patients and families in useful and 
affirming ways that take into account cultural and linguis-
tic diversity. This ongoing communication encourages 
patients’ and families’ effective participation in health-
care and decision-making.
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3. Participation. Patients and families are encouraged and 
supported to participate in decision-making at the level 
they choose. Patients and families are empowered to dis-
cover their own strengths as they build confidence to par-
ticipate in healthcare decisions.

4. Collaboration. There is collaboration with patients and 
families at all levels of healthcare including: delivery of 
care; professional education; policy-making; program de-
velopment, implementation, and evaluation; and health-
care facility design. PFCC encourages collaboration in 
safety and quality initiatives, operational issues, and re-
search.

The patient and family are integral members of the health-
care team and should be encouraged to participate in their 
healthcare plan. Families offer unique insights into the care 
of their child. Their observations are vital to the develop-
ment of any care plan. This collaborative process allows 
for improved clinical decision-making, improved follow-
through, more efficient use of resources, and improved pa-
tient safety. PFCC also enhances provider, patient, and fam-
ily satisfaction.

This family participation and collaboration may also ex-
tend beyond care of their own child. Patients’ and families’ 
perspectives should guide the formation of systems and pro-
cesses of care as well as patient flow. Additionally, patients 
and families serve as valuable educators for practitioners. 
Their viewpoints may offer providers with beneficial lessons 
for future patient and family interactions. Families’ feedback 
about care rendered and integration of care are helpful tools 
for practitioners learning about PFCC.

Why Does Simulation Partner Well with 
Patient- and Family-Centered Care?

It is important to recognize that simulation for PFCC (simP-
FCC) may be used for purposes other than education. There 
are at least five other different purposes for healthcare simu-
lation. Given that there are many different ways simulation 
can be applied, there are also different ways to develop and 
utilize it for PFCC.

1. Using simulation to improve quality and patient safety

Simulation may serve as a conduit to identify latent safety 
threats through systems testing and integration (see Chap. 5). 
Simulation may help perform root cause analysis of a senti-
nel event by recreating an adverse event, or it may be used 
to trial new patient care equipment, processes of care, and 
spaces before implementation to help prevent unpredictable 
outcomes and potential harms. Here, patients and families 
may participate in simulation-based system tests as content 

experts to help uncover threats to patient safety and patient 
satisfaction by participating in simulations in hospital en-
vironments and systems. This provides an opportunity for 
patients and families to actively collaborate in the design 
of healthcare systems, processes of care, and facility design.

2. Using simulation to assess competency

Validated scenarios and assessment tools may be utilized to 
evaluate individual or team skills in a realistic and standard-
ized manner (see Chap. 7). In this capacity, patients and/
or family members may be the target to assess competency 
(e.g., assessing a parent’s ability to sterilely and properly ad-
minister total parenteral nutrition (TPN) through a peripher-
ally inserted central catheter (PICC) line for a child with in-
testinal issues) or part of the actual assessment process (e.g., 
a simulation-based assessment of a healthcare provider’s 
ability to discuss bad news using a standardized protocol) 
[5]. These approaches truly require participation from pa-
tients and family members in providing care.

3. Using simulation for research

Simulation may be a focus for research, either as a tool 
for conducting research or as the research study itself (see 
Chap. 30). Research using patients and family members 
would not only require the utmost respect and dignity, but 
could also enhance our understanding of how to truly pro-
vide PFCC with respect and dignity. Here, participation of 
a patient or family member would be subject to the same 
regulations as any human subjects’ research study. Examples 
of simPFCC research are starting to emerge in the literature 
[6, 7].

Research outside healthcare simulation has shown that 
positive PFCC experiences lead to better outcomes, in-
creased parental confidence in their roles, and greater patient 
and family satisfaction. Institutions that promote programs 
and initiatives aimed at improving PFCC have been shown 
to have decreased malpractice claims, decreased medical er-
rors, decreased lengths of stay, improved patient satisfaction, 
and even improved staff satisfaction [8–10]. Although we do 
not yet fully understand the impact that simulation-based 
educational efforts may have on improving the patient and 
family healthcare experience or actual patient care outcomes, 
this would be a wide open area for research endeavors.

4. Using simulation for advocacy

Healthcare simulation may be purposed for advocacy needs: 
supporting the larger community with simulation-based ac-
tivities to educate the general public and promote healthcare 
simulation through public relations, legislation, and media. 
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Any of these opportunities enhances information sharing at 
the individual, community, and population level. For exam-
ple, a simulation-based training day focused on decreasing 
preventable infections may train laypersons on hand-wash-
ing techniques and antibiotic dosing. Patients and family 
members may participate in and/or benefit from these types 
of activities.

5. Using simulation for education

The most common purpose for healthcare simulation is edu-
cation. At its core, simulation is a training modality that is 
utilized by many fields, not just health care, to train indi-
viduals and/or teams in new cognitive, technical, and behav-
ioral skills. Simulation is a hands-on educational modality 
that bridges the gap between classroom learning and real-
life clinical experience. It creates a safe, confidential learn-
ing environment that offers the participant the opportunity 
for deliberate practice followed by facilitated feedback and 
reflection on performance. It creates a safe place for mis-
takes to be made and learned from. These elements create an 
educational methodology that is congruent with and closely 
aligned with PFCC principles (Table 26.1). Healthcare-sim-
ulation-based educational activities may be directed to fami-
lies, patients, and even other home caregivers as the target 

learners to help non-healthcare providers learn and practice 
specific medical issues surrounding the care of themselves 
or a family member. Examples include families of an infant 
being discharged on a ventilator with a tracheostomy par-
ticipating in an airway emergency training program, fami-
lies with a child being discharged with a seizure disorder 
learning general seizure management and how to administer 
a rescue medication, families with an adolescent being dis-
charged with Type 1 diabetes learning how to handle a criti-
cal low, among others.

It is important to recognize that home caregivers may 
also function in the educator role in simulation-based educa-
tion geared towards healthcare providers. They may serve as 
the simulation tool to help educate healthcare providers on 
how to better practice PFCC by playing the role of a family 
member or patient during scenarios (e.g., a simulation-based 
educational program to train clinicians in disclosure of medi-
cal errors). They may also function as simulation educators 
helping direct learning objectives and debriefing in simu-
lations for PFCC. Healthcare providers or non-healthcare 
providers alike may serve as the target learner population 
depending on the need. This chapter, however, will focus on 
the development and implementation of simulation-based 
educational activities for home caregivers and patients as the 
targeted learners.

Table 26.1  How simulation aligns with patient- and family-centered care

Patient- and family-centered care principle Simulation curriculum correlate
Respect and dignity
Care is provided for a person, not a condition, with 
patient and family values, beliefs, and culture incor-
porated into healthcare planning and delivery

Simulation allows for repetitive and deliberate practice at an individual’s own pace
Individualized learning objectives may be met during one-on-one simulations and 
debriefings

Information sharing
Complete, honest, unbiased information is shared 
with patients and families in useful and affirming 
ways that take into account cultural and linguistic 
diversity

Immediate, hands-on practice enhances opportunities to discuss and share information 
related to home care needs
Trainings may be modified as needed to meet cultural and linguistic needs
Debriefing provides opportunities to give complete and honest feedback to home care-
givers on their ability to provide care

Participation
Patients and families are empowered to discover their 
own strengths as they build confidence to participate 
in healthcare decisions

Simulation is active, hands on requiring the highest level of participation from patients 
and/or caregivers
By actively practicing care during simulated events, patients and families are provided 
an opportunity to be active participants as opposed to bystanders in care

Collaboration
Collaboration with patients and families at all 
levels of health care including delivery of care and 
education

Learner focused debriefings allow for reflection on patient and home caregiver 
objectives
Hands-on practice side by side with healthcare providers is congruent with a collabora-
tive approach to education
Pre-briefing with home caregivers allows for setting individualized patient and family 
member objectives
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Logistics of Creating Simulation for Patient- 
and Family-Centered Care

Who Should Receive Training

Simulation training may be offered to all members of the 
home caregiver team. This may include family members—
parents, siblings, and other relatives; the patients them-
selves; non-healthcare providers involved in the patients’ 
care such as teachers, nannies, or peers; and out-of-hospital 
home healthcare providers such as home nursing and pre-
hospital care providers. For example, a teenager with food 
allergy leading to anaphylaxis would benefit from inject-
able epinephrine simulation training. Additionally, parents, 
teachers, and friends may benefit from this same simulation-
based education focused on the technical and cognitive skills 
needed to administer injectable epinephrine if the patient is 
otherwise incapacitated at the time it is needed.

What Should Be Simulated

The possibilities of what should be simulated are limitless 
and can focus on cognitive, technical, and/or behavioral 
skills. Simulation may be extraordinarily useful in teaching 
technical skills to nonclinical home caregivers (Table 26.2). 
These may include new tasks that will be performed daily. 
Simulation-based training will ensure proper performance 
and increase caregiver confidence with the procedure prior 
to discharge or after a new diagnosis. Likewise, simulating 

tasks that are performed occasionally, or rarely, will also af-
ford some practice of and perhaps some comfort with these 
events, which could be critical in some high-risk situations.

Simulation may also be used to teach critical decision-
making and other cognitive skills. This type of simulation 
focuses on content knowledge and what the caregiver thinks. 
These may include recognition of the need for care, knowl-
edge of medical interventions, and cognitive decision-mak-
ing (Table 26.3).

Simulation-based education for teaching home caregivers 
critical behavioral skills is quite similar to teaching health-
care providers the same skills. These skills might focus on 
crisis resource management and interpersonal communica-
tion skills (amongst care providers) during high-risk or life-
threatening crises (Table 26.4).

Where Should the Simulation Occur

The location of the simulation session is contingent on the 
goals of the simulation and the type of learner to whom the 
scenario is being delivered. Depending on the situation, it 
may be beneficial to provide some preliminary simulation 
education in the hospital setting. This will afford families 
ample resources to help hone their technical, cognitive, and 
behavioral skills prior to discharge. This may occur in a tra-
ditional educational space such as a classroom or a simu-
lation lab. Ideally, the space in the hospital setting should 
be adjusted to mimic the families’ home environment. For 
example, a lounge area in the nursing unit may be altered 
to mimic the living room in the family’s house, or a patient 
room may be reconstructed to mimic the home nursery (Figs. 
26.1 and 26.2).

This added realism may help families better adapt, under-
stand their roles, and recognize their home resources. Final-
ly, simulations may also be conducted outside of the hospital 
setting, such as in the family’s home, at school, or at daycare. 
This in situ simulation encourages nonclinical caregivers to 
review and reinforce their skills and to problem solve in their 
home environment.

When Should the Simulation Occur

When developing simPFCC, timing and frequency is-
sues need to be addressed. There is currently limited data 
to provide a clear answer to this issue. Existing data from 
the fields of psychology, education, and simulation suggest 
that optimal learning occurs when it is dispensed in repeti-
tive and frequent doses as opposed to single or bolus train-
ing events [12]. Although curricular decisions on when to 
implement, frequency of training, and duration of training in 
healthcare simulation for patients and home caregivers is not 

Table 26.2  Examples of technical skills that may be taught using Si 
mPFCC
Daily tasks

Suctioning
Urethral catheterization of a patient with neurogenic bladder
Bolus feeds through gastrostomy-tube
Venting a gastrojejunostomy tube
Wound care
Cast care
Peripherally inserted central catheter (PICC) line care
Administering insulin

Occasionally performed tasks
Change gastrostomy-tube
Change tracheostomy tube
Manage hypoglycemia

Rare tasks
Administer cardiopulomonary resuscitation (CPR)
Administer antiepileptics
Apply an automated external defibrillator

SimPFCC simulation for patient- and family-centered care
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Table 26.3  Some examples of cognitive skills that may be taught using SimPFCC

Clinical example Recognition of need for care Knowledge of medical 
interventions

Decision-making at critical points

Seizures Identification of signs of a seizure 
such as tonic-clonic movements, lip 
smacking, eye rolling

Knowledge of rectal diazepam 
as treatment for seizures that 
last longer than 5 min

Understanding when prolonged seizures require 
further emergent intervention and/or Emergency 
Medical Services (EMS) call

Anaphylaxis Identification of symptoms such as 
lip and tongue swelling, wheezing, 
and difficulty breathing

Knowledge of how to dose and 
administer injectable epineph-
rine immediately

Understanding that if the patient is responsive and 
able to swallow, diphenhydramine may be given 
orally while waiting for EMS

Tracheostomy Identification of signs of respiratory 
distress such as increased respira-
tory rate, retractions, and cyanosis

Knowledge of the indications 
for replacement of a tracheos-
tomy tube

Understanding of management options in emer-
gency situations. If unable to reinsert a trache-
ostomy tube, a smaller size tube may be used or 
positive pressure ventilation may be administered 
via mouth

Gastrostomy tube 
(G-tube) care

Recognition of signs of malfunc-
tioning G-tube such as burst balloon

Knowledge of indications for 
when to change G-tube

Understanding when medical care is needed such 
as abdominal distension or erythema around 
G-tube

SimPFCC simulation for patient- and family-centered care

Table 26.4  Examples of crisis resource management skills that may be taught using SimPFCC. (Adapted from the behavioral assessment Tool 
[11])

Crisis resource management skill Performance goal during care for any clinical situation
Familiarity with the environment Ability to find emergency equipment and supplies in a timely fashion during a critical situation
Effective communication Uses closed loop communication with another home caregiver during care
Optimal workload distribution Assigns appropriate tasks to another caregiver instead of multitasking
Role clarity and leadership Takes charge of critical situation and takes appropriate steps to manage situation
Effective utilization of resources Asks for help such as calling EMS in a crisis, uses cognitive aids such as CPR handouts

SimPFCC simulation for patient- and family-centered care, EMS Emergency Medical Services, CPR cardiopulomonary resuscitation

Fig. 26.1  A backdrop that 
includes images of the walls 
and furniture within the home 
nursery may be used to make 
the hospital space more closely 
mimic the home environment. 
(Photo courtesy of Jen Arnold, 
MD, Texas Children’s Hospital)

 



334 M. C. G. Diaz et al.

yet known, most educators can make these decisions based 
on the specific learning objectives of the simulation train-
ing, availability of the parents or caregivers, and resources 
related to instructors, space, and equipment. It is important 
to stay focused on what an individual family needs when 
implementing a simulation-based educational program for 
caregivers and parents. There are many factors to consider 
for patients and families that could affect when they might be 
ready and able to learn, whether in a simulated environment 
or otherwise. A patient or family member may be psycho-
logically or emotionally unprepared for education during a 
hospital stay depending on the acuity of illness and dura-
tion of hospitalization. However, if simulation is felt to be 
an effective and possibly better educational format than tra-
ditional didactic, video, or written methods, certain aspects 
of education are required prior to discharge for chronic con-
ditions that will require care at home [13, 14]. In one study 
evaluating a simulation-based training program for parents 
of children diagnosed with Type I diabetes, parents preferred 
interspersed education with basic and vital skills taught prior 
to discharge, complex topics taught 1 month after diagnosis, 
and review of diabetes management at 3 months post-diag-
nosis [15]. Interspersed education may provide an opportu-
nity to build knowledge and skills without overburdening an 
already stressful situation for a patient or caregiver.

Although much research is needed in timing and frequen-
cy related to simPFCC, the need for education is paramount. 
Research has shown that up to 70 % of patients and family 
members have educational needs that are unmet prior to dis-
charge [16]. In order to help guide these decisions, ask the 
questions found in Table 26.5 related to the specific medical 

complexities that are the focus of the training, and resources 
available may be helpful.

How Should the Simulation Be Implemented

Begin with Identifying the Objectives for the 
Teaching Session

There are many critical steps involved in the design and de-
velopment of simPFCC. Identification of educationally sound 
learning objectives is critical [17]. These objectives guide 
the development of the scenario(s). The objectives taught to 
patients and/or home caregivers during a simulation session 
can come from multiple sources, both from instructors (med-
ical team and/or educators) and learners (patients and home 
caregivers). Instructor-driven objectives might include goals 
from patient treatment plans such as wound care or specific 
medication administration guidelines. Other instructor-driv-
en objectives might include specific skills required to handle 
a potential complication or emergency at home such as how 
to provide CPR or  troubleshoot a  ventilator in patients going 
home with tracheostomies and on ventilator support.

In keeping with PFCC principles, all simulation-based 
educational sessions should also cover learner-focused 
 objectives allowing patients and home caregivers to define 
their own learning needs. Learner-centered objectives may 
be identified by interviewing the family prior to the simula-
tion session (Table 26.6) and from the learners’ reactions in 
the debriefing [17]. Allowing patients and home caregivers 
to have input in creating a climate in which they can most 

Fig. 26.2  The addition of a 
few toys, stuffed animals, and 
baskets from home further trans-
form the hospital room. (Photo 
courtesy of Jen Arnold, MD, 
Texas Children’s Hospital)

 



33526 Simulation for Patient- and Family-Centered Care

fruitfully learn puts the patient and family in the center of the 
learning experience.

Simulation scenarios for patients and home caregivers 
should ultimately combine both learner- and instructor-driven 
objectives to maximize learning outcomes. This blended ap-
proach ensures that the discharge teaching plans are tailored 
to meet the educational needs of both the patient and family, 
as well as the healthcare professionals overseeing their care.

Build a Realistic Situation for the Patient and 
Family

Once specific objectives are identified, the next step is to 
create a realistic scenario that skillfully engages the learn-
ers, in this case the patients and/or home caregivers (see 
Chap. 2). In health care, we are still trying to understand the 
relationship between learner engagement and the degree to 
which the scenario matches the real environment. Some re-
searchers hold that simulation realism must be related and 
tailored to the specific goals and target population for the 
simulation [18]. Environmental elements that replicate the 
home environment enhance the fidelity of the simulation and 
bring PFCC principles and objectives to life. It is very im-
portant to create a home instead of a medical environment 
for simPFCC so that patients and home caregivers are able 
to explore and practice how they would provide care within 

Table 26.5  Questions to guide decision-making surrounding the timing for simPFCC

1. Is the medical issue a short term or a chronic health issue for the patient and/or home caregivers?
• Early predischarge simulation training will benefit those dealing with new diagnoses and conditions
• Frequency of simulation training may be proportional to chronicity of illness and learning needs of caregivers
• More extensive training is needed when there is a new diagnosis or change in health status

2. Is the patient an inpatient or outpatient at the time of diagnosis?
• If inpatient, training should occur prior to discharge. If an outpatient, as soon as possible
•  Accessibility to patient and family caregivers in terms of time, travel, and other resources, will help determine frequency and duration of 

training the inpatient and outpatient settings
– Access to patients and home caregivers is likely easier when inpatient
– Patients and home caregivers will have to balance work and other personal priorities to make time for training as outpatients

3. Are the skills to be taught high risk or low risk?
•  Training should occur prior to discharge for inpatients and as soon as possible for outpatients in cases where there is a high risk of poor 

outcome
• Training should occur more frequently to help caregivers maintain skills if there is a high risk of poor outcome
• For more high-risk medical issues, longer durations for training will be needed to achieve and maintain skill mastery

4. What is the emotional state, anxiety level, and level of readiness to learn of the patient and/or home caregivers?
• Extreme levels of anxiety or stress may inhibit learning and training may need to be postponed until patients/families are ready
• Standardized assessment tools for anxiety and stress may help determine when patients and/or home givers are ready for training
• Interspersed, shorter simulations with fewer learning objectives of increasing complexity over time will alleviate issues of readiness when 
patients and home caregivers are overwhelmed

5. How often will the caregiver perform this skill?
• The more frequent the skill is required, the sooner training should start, particularly prior to discharge
• If this skill is anticipated to be used infrequently, more refresher opportunities need to be offered
• Duration of training sessions will likely be less as the patient and home caregiver gain more experience
• Longer duration training will be needed with high-risk, low-frequency events and skills

6. How complex to learn are the skills that need to be taught?
• Generally, the more complex the skills being taught, the sooner training should be implemented to allow time for repeat practice
• Interspersed education with a ramping up of complexity may improve learning

7. What is the educational goal of the training, that is, mastery learning versus traditional instruction?
•  If mastery learning is the goal, training should start as early as possible to allow for as much time as needed for achieving learning 

objectives
• Mastery learning will require longer training time to allow for true deliberate practice opportunities until caregivers get it right
• More frequent, smaller training sessions with increasing difficulty are needed for achievement of mastery learning

SimPFCC simulation for patient- and family-centered care

Table 26.6  Sample questions to help identify learner-centered 
objectives
What has this experience been like for you so far?
What is your biggest concern taking your son home?
What was it like for your when your daughter had a seizure?
What would you like to learn from this session?
What challenges or struggles have you had when managing your 
child’s condition at home?
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their own environments and with their own available re-
sources (Table 26.7).

Choose a Simulator (… or Not)

Many types of simulators are available. Learning outcomes 
can be successfully met through the use of task trainers, par-
tial task trainers and/or whole-body computer-generated, 
interactive human patient simulators (HPSs) [19, 20]. Unfor-
tunately, as is the case often in pediatrics, there are no simu-
lators available that meet all the specific requirements of the 
teaching session. As such, modifications and adaptations are 
required. For example, there are currently no whole-body 
computer-generated HPS mannequins with a tracheosto-
my. As a result, simPFCC for tracheostomy teaching may 
require that modifications be made to the mannequin such 
as creation of a stoma within the mannequin or placement 
of a stoma on top of the mannequin’s existing trachea. This 
type of modification may result in voiding of the manne-
quins’ warranty, and as such, educators are advised to check 
with the manufacturer prior to proceeding. This may also be 
a way to effectively recycle retired mannequins. This type 
of education may also require the simultaneous use of more 
than one type of simulator.

For many purposes, specifically those involving teaching 
procedural skills, a partial task trainer may be most appropri-
ate. A partial task trainer replicates only that specific portion 
of the body needed to learn the key elements of a specific 
skill or procedure. A modified foam pad, for example, may 
be used to mimic the thigh muscle and be used for teaching 
intramuscular injections in the setting of anaphylaxis.

There are whole-body computer-generated mannequins 
that not only have similar capabilities to some of the task 
trainers, but also have more advanced features such as the 
ability to breathe, turn blue, generate pulses, vocalize, and 
even mimic seizure activity. These advanced features allow 
the learner(s) to become more interactive with the manne-
quin and respond to changing medical conditions. This can 
help refine patients’ and home caregivers’ ability to make 
decisions and problem solve under time pressure in a more 
realistic fashion.

The use of confederates/actors to portray various indi-
viduals who would participate in a real-life event may be 
considered in simPFCC. For example, a confederate may 
play the role of an EMS dispatcher to help families practice 
communicating their needs to EMS during an emergency at 
home, or a confederate may portray a home health nurse who 
assists family members in providing care (see Chap. 8).

Lastly, the environment itself may be the simulation tool. 
Rooms or spaces within the home may be used or even recre-
ated as home caregivers walk through their anticipated care 
plans. This allows home caregivers to identify latent safety 
threats within their home. Literature has shown the benefits 
of using the environment as a simulation tool [6]. By recreat-
ing living spaces or simulated homes, researchers in injury 
prevention successfully used simulation to help parents iden-
tify potential risks and hazards [6].

Pilot the Scenario

Once a simulation scenario is developed, it is important to 
trial the scenario. It is important to ensure that the intended 
learning objectives are achievable with the scenario design, 
props, and equipment chosen. Trialing and practicing scenar-
ios on other experienced home caregivers, who have cared 
for children with similar medical complexities in the past, 
allows scenario architects to receive valuable feedback on 
realism, believability, and applicability.

Prebrief the Learners
Although real-life examples of simulation activities are 
readily available in our day-to-day lives: batting cages, golf 
driving ranges, interactive video games, and driving simula-
tors, simulation in health care will most likely be very new 
to families. As such, they will require an orientation to this 
type of learning. Best practice in simulation-based education 
recommends that any learner who participates in simulation 
be oriented to a safe and confidential learning environment 
[17]. This is an important consideration because any learner 
takes some psychological risks when participating in simula-
tion. This is likely to be even more important for a patient or 
home caregiver, whose stress level and anxiety may be high-
er as they are learning to handle challenging situations for 
themselves, let alone for their own child or family member. 
This would include setting a safe and confidential learning 
environment by verbalizing that mistakes are expected and 
accepted. One should also be specific when describing the 
type of feedback that will be used during debriefing, includ-
ing the use of video if it is being used for review.

Allowing patients and/or home caregivers to watch a 
video of a simulated event may also help prepare them for 
their participation. Learners will need to know what to ex-
pect from the session. They need to be instructed to behave 

Table 26.7  Tips for creating a realistic situation
Choose a mannequin or task trainer that is roughly the same size and 
age of the patient
Teach using the identical equipment and supplies that the family will 
use at home
Limit props, equipment, and supplies available during simulation to 
those that the patient and/or home caregivers would use
Recreate a similar environment where the patient and/or home care-
givers would most likely use the skills being trained
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as if this were a real event and verbalize each step of their 
thinking. It is helpful to encourage them to use the child’s 
name when referring to the mannequin. Allowing families 
to know that they will have many opportunities to practice 
until they feel confident will help alleviate anxiety they may 
have. Patients and/or home caregivers will require an orien-
tation to the specific simulator and to the simulated environ-
ment. They will need to know what the capabilities of the 
simulators are and how the limitations of the mannequin will 
be overcome. For example, current whole-body mannequins 
are not able to demonstrate eye rolling or tonic positioning 
of extremities in a seizure. Describing to families that these 
findings will be shown in a video or be described by the 
instructor will help with their engagement, as well as help 
avoid any confusion during the scenario.

Implementation of the Scenario

The delivery of a simPFCC can take on many different forms. 
Factors such as the time allotted for the session and selected 
learning objectives will influence how the scenarios and de-
briefing are implemented. Some sessions may last longer, 
20–90 min, followed by a debriefing focused on allowing 
learners additional time for reflection and discussion. Other 
sessions may be much shorter, some less than 10–20 min, 
with the debriefing focused primarily on providing correc-
tive feedback with little time for reflection. The decision 
on which path to choose should reflect the objectives of the 
scenario and the tasks and procedures being asked of the 
caregiver(s). The duration of the session also depends on the 
learner, the number of scenarios or tasks practiced, and the 
time needed for mastery. The use of simPFCC can be just as 
diverse as that for healthcare providers. A successful combi-
nation of mastery learning and deliberate practice was used 
to study the use of simulation to teach home caregivers sei-
zure management and rescue medication administration as 
part of their discharge treatment plan [7]. Participants were 
given multiple opportunities to manage their child’s seizures 
during simulations followed by guided reflection using ad-
vocacy/inquiry combined with instructor-driven directive 
feedback on performance.

Who Should Instruct

The specific instructors for simPFCC depend on the goals of 
the simulation. There are three components of expertise to 
consider in simPFCC: clinical content expertise, simulation 
and debriefing expertise, and PFCC expertise. When patients 
and home caregivers are the target learners, it is crucial that 
the debriefers are able to give appropriate feedback on the 
clinical aspects of the scenario and also answer clinical ques-

tions during debriefing. Healthcare learners traditionally 
come to simulation with background knowledge and skills 
surrounding a clinical area. A patient or home caregiver, 
however, may have little to no clinical knowledge or skills 
prior to taking part in a simulation. As with any simulation 
educational activity, the instructors should have knowledge 
and expertise in simulation theory, scenario delivery, and de-
briefing. Additionally, simulation educators should be ide-
ally trained in the core principles of PFCC. When conducting 
debriefing for patients and home caregivers, it is important 
to understand that the training needs to be collaborative and 
specific to the patient. This is a unique situation where an 
attempt is made to focus the education to a specific patient, 
not a condition, and requires a partnership in expertise be-
tween the simulation educator and the patient and/or family 
member. The healthcare provider may be the expert related 
to clinical content, but the patient and/or home caregiver is 
the expert related to the patient and their environment. To 
further illustrate this, simply teaching how to manage an air-
way emergency in an infant being discharged home with a 
tracheostomy will not be effective without taking into ac-
count the specific medical history and plan of care for that 
patient, an understanding of the specific symptoms that pa-
tient exhibits when in distress, and defining how that care 
can be provided in the patient’s specific home environment. 
The parent or family member will provide content expertise 
on how to identify a problem and manage it based on the 
patient’s context and home environment. In this example, 
signs and symptoms of respiratory distress in their infant, 
what their resources are at home (i.e., how many people may 
be in the home to assist and what equipment and supplies are 
available) will be patient specific. In order for simPFCC to 
be successful, the training needs to be truly collaborative on 
every level. Given this unique challenge in simulation for 
patients and home caregivers, this may be an ideal setting to 
consider the opportunity to have co-debriefers and include 
non-healthcare professionals such as family advisors or pa-
tients and home caregivers who have been there.

Debriefing: How to Do it in Simulation for 
Patient- and Family-Centered Care

The debriefing process is vital to effective educational ex-
periences in healthcare simulation. It is felt to be the most 
important aspect of simulation-based education and has the 
biggest influence on learning [21–24]. When training non-
healthcare providers, just as in training healthcare provid-
ers, it is vital to identify and address performance gaps that 
occur during simulation scenarios [25]. How this is done 
can be extremely variable as feedback can be given by mul-
tiple sources (instructors, peers, the actual simulator, etc.) 
and at different times during the simulation experience 
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Table 26.8  Example of a simulation for patient- and family-centered care course template: SimPFCC to train parents of an infant with a seizure 
disorder on seizure management and medication administration
What: Simulation to train parents of an infant admitted with seizures on how to manage a prolonged seizure at home
Objective development
Instructor-centered objectives Technical:
•  Determine technical, cognitive, and behav-

ioral goals of simulation
• Proper administration of intranasal midazolam
• Proper positioning of patient during a seizure to protect airway
Cognitive:
• List the steps of seizure management
• Describe specific medication side effects that may occur
Behavioral:
• Effective communication with EMS
• Effective workload distribution with another home caregiver

Learner-centered objectives Example questions to ask learners:
•  Identify learner-centered objectives during 

family interview or during debriefing
• What has this experience been like for you so far?
• What is your biggest concern about taking your child home?
• What was it like for you when your child had a seizure?
• What would you like to gain from this session today?

Who: should receive training
Identify all members of the home caregiver 
team

Potential learners
• Mother and father
• Grandparents
• Professional caregivers (i.e., nannies)

Consider including the patient in the training 
depending on the situation and the patient’s 
age

• Siblings
• Daycare provider
• Home nurse

Where: should the simulation be held
Need to determine ideal location (in hospital 
vs. in situ in the home environment)

Recreate an environment similar to where the patient and/or home caregivers would most likely 
use the skills being trained
•  Recreate the family’s living room by transforming the hospital’s family lounge. Place  pillows 

on chairs and move furniture in the room to match the family’s home setting
When: should the training take place
Determine when to start training based on In this seizure scenario, this is a new diagnosis for an inpatient expected to have chronic health 

issues
• Urgency for training
• Short-term or chronic health issue Early predischarge simulation training will be beneficial
• New diagnosis or existing diagnosis
• Inpatient or outpatient
Duration: Simulation sessions may need to occur after parent’s work hours
•  Consider factors such as family accessibil-

ity, availability, attention span, stress level
Simulation sessions may need to be short if learners have short attention spans

• Consider goals of training Home caregivers who are anxious or stressed by the seizure may need shorter simulations with 
fewer objectives
Some family members may want to learn with other family members rather than alone
Mastery learning will take longer

Frequency of training needed: Assess risk 
of intervention in relation to anticipated 
frequency of event

One session may suffice if the infant has a short admission. Given the high risk and low 
frequency of this seizure management skill, recommend a refresher session 3–6 months 
post-discharge
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( immediately during simulation or after) [26]. There are still 
many questions to be answered in healthcare simulation as 
to the best practice and methodology for simulation educa-
tion, particularly related to debriefing techniques. The best 
debriefing methodology to be implemented in simulation for 
non-healthcare providers is yet to be determined [24]. Spe-
cific debriefing techniques are further discussed in Chap. 3. 
When debriefing simulations for parents and caregivers, we 
recommend using techniques that are specific and congruent 
with known healthcare simulation best practice. This would 
include setting a safe and confidential learning environment, 
being specific with feedback during debriefings [27], engag-
ing adult learning strategies, using video-review if possible, 

and being focused on learning objectives in addition to ob-
jectives of the learner(s). Although video-assisted debriefing 
has been found to be superior in other fields such as sports 
performance and military, studies from simulation in health 
care demonstrate mixed results [24]. In our experience, if 
resources allow for video review during debriefing, learning 
is enhanced for patients and families. However, we make this 
recommendation only for facilitators that are comfortable 
and experienced with use of video during debriefing [28]. 
Table 26.8 provides a comprehensive example of a template 
for planning a simPFCC event. Readers are encouraged to 
use this step-by-step template in the planning and implemen-
tation of simulation-based teaching for patients and families.

How: should the team develop the simulation
Build a realistic scenario
•  Choose a mannequin roughly the size and 

age of the patient
Infant computer-generated mannequin

•  Teach using identical equipment and sup-
plies the family will use at home

A medication pack that matches what the family would use at home, including needle, syringe, 
nasal atomizer, alcohol swab, and expired medication vial
Have the mom use her cell phone to time the seizure and call EMS•  Limit props, equipment, and supplies to 

those available in the home Make pillows accessible to the family as they would use this for positioning at home
Pre-brief the family Explain that simulation is a safe place to make mistakes and everyone maintains confidentiality
Introduction and orientation to the session Inform the parents that they may stop the scenario at any time to ask for help

Remind parents to act like they normally would and to think out loud
Encourage the parents to use the child’s name when referring to the mannequin
Explain that the parents need to draw up the medication and actually administer the medication 
to the mannequin
Set clear expectations of the scenario (e.g., the simulation will last for 6  min, and a discussion 
will follow)
Demonstrate the mannequin’s seizure features to the parents
Clarify that eye rolling and secretions that are normally present during a seizure will be 
described by the facilitator instead of visualized on the mannequin

Debrief
Debriefing: Reactions phase—Open-ended 
questions to elicit parent’s emotional 
response and thoughts

“How did it feel?”

“What are your thoughts about today’s session?”
Debriefing: Analysis phase “As I watched, I noticed you drew up the medication perfectly. I am wondering what happened 

when the medication wasn’t given.”Use open-ended advocacy/inquiry questions 
to address all instructor and learner centered 
objectives
Debriefing: Close performance gaps “So, the next time your child has a seizure, how will you administer the medication differently?”
Follow-up plans
Schedule further training Timing will depend of safety issues identified during simulation session and performance gaps 

that need to be improved
Close the loop with the team—healthcare 
providers and home caregivers

Document simulation training in medical record
Discuss training with healthcare and home caregiver team
Discuss training with healthcare and home caregiver team
Request feedback about ongoing home care and potential need for further education

EMS Emergency Medical Services

Table 26.8  (continued)
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Conclusions

The future of simPFCC is broad as this is a new and grow-
ing field within healthcare simulation. Evaluating the out-
comes of programs and facilities that utilize simPFCC as a 
method for patient education is vital. Understanding how it 
may improve patient safety and outcomes, improve patient 
compliance with care plans, and improve hospital efficiency 
and costs related to patient education, will be essential. Addi-
tionally, more research is needed to understand which patient 
care processes and educational needs should be simulated, 
what are best practices in implementing simPFCC, and how 
these trainings affect patient and families psychologically, 
including their quality of life. The psychosocial consequenc-
es of putting parents and caregivers through simulation-
based educational experiences are unknown. Research needs 
to first identify whether training makes caregivers feel reas-
sured by receiving training because it provides them with 
concrete skills to use in an emergency or whether it actually 
increases the stress they already feel by reminding them that 
their child or loved one could experience an emergency at 
home that they may have to manage [29]. We will then need 
to identify whether added or decreased stress and anxiety af-
fects their ability to care for their loved one and ultimately 
patient outcomes.
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Simulation Pearls 

1. Pediatric simulation programs have become an accepted 
and necessary part of pediatric health-provider education.

2. Advisory boards are often established to form a bond be-
tween the simulation program stakeholders, community 
partners, and the simulation program.

3. Program administrators must be flexible and adapt to the 
changing priorities of a simulation program and its stake-
holders.

4. A balance between costs and revenue must be clearly 
established in order to sustain and successfully build a 
simulation program.

Introduction

A formal administrative and operations model can take on 
many different forms within a pediatric simulation program. 
Some programs are linked to existing educational or clinical 
institutions, while others are freestanding, remaining respon-
sible for their own activities. This decision is often based on 
funding models, faculty affiliation, or space considerations 
[1]. In making any of these choices, it becomes critical to or-
ganize operations based on on long-range plans that include 

potential strategies for future growth. This can be difficult 
to forecast but helpful when considering the mission, vi-
sion, and goals of the program. This chapter will review the 
necessary components to address when building a pediatric 
simulation program, from choosing faculty, advisory board 
members and staff, to information technology strategies, 
equipment types, loan agreements, and business models. It is 
important to note that in this chapter, we refer to simulation 
organizations as programs, meaning that while some institu-
tions may in fact have simulation centers, others may rely 
on in situ simulations as their training model and not have a 
specific site or property for training.

Organization and Resources

Vision and Mission Statements

Established vision and mission statements supportive of 
long-term goals are critical to successfully focus on program-
related decision-making, planning, and growth. Vision and 
mission statements need to be crafted early in a program’s 
development in order to steer the direction of its goals and to 
measure its progress, which in turn pays dividends on subse-
quent planning for its future. Many community organizations 
not only look at financial progress over a period of time but 
also look at successes and failures relative to the established 
vision and mission statements, specifically as they relate to 
milestones of evaluation, growth, community presence, ben-
efits, and impact. It is important not to make mission or vi-
sion statements too lengthy; rather, they should be realistic 
and achievable based on a program’s size and resources. As 
such, the vision and missions statements should also parallel 
a simulation center’s business model.

Mission statements, in general, contain information relat-
ing to a program’s reason for existence and its abilities to 
advocate simulation. It is a way for programs to invest in 
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their parts of simulation within a community as well as serve 
as a measurable for sustainment in the future. Vision state-
ments follow the mission statements closely; however, they 
describe more of what the program intends on becoming; 
more or less, the programs’ future potentials and realizations 
of what is to come (Table 27.1).

Stakeholders

Simulation program structures can be very diverse: some 
defined by faculty members who are part- or full-time and 
who donate or are remunerated for their time, as compared 
to larger simulation programs with dedicated staff who are 
additionally guided by advisory boards (or committees).

Advisory boards can comprise internal stakeholders of 
one’s institution and/or external members who serve as ob-
jective advisors and provide expert leadership for decision-
making in the sustainability, leadership, and growth of the 
simulation program. Advisory boards are sometimes creat-
ed in order to have broad representation from various clini-
cal areas and departments that will be the primary users of 
the simulation program, as well as external representation 
from local businesses or community leaders independent 
of the governing body of the program itself. This forms a 
connection between the relevant stakeholders, community 
partners, and the simulation program to help critical deci-
sions about the direction of the program. Pediatric institu-
tions serve valuable roles within the broader community, 
along with champions that help create partnerships with 
larger entities, including schools, hospitals, and industry. A 
strong link in the community is seen as beneficial to both 
the pediatric institution (represented in this case by the 
simulation program) and within the surrounding commu-
nity where the benefits of this training are readily identi-
fied. Both internal and external stakeholders are important 
in connecting the pediatric simulation program and the 
community, and bring a wealth of expertise to the program, 
thus helping to foster excellence and innovation within a 
simulation program.

Space

Most simulation centers are physically linked to and are part 
of an existing educational system, whether that is college-
based, hospital-based, or one that is similar in function. It is 
important to define both the utility and support of the simu-
lation program, that is, who the simulation center will sup-
port with its own resources and who in turn will support the 
simulation program with monetary resources. Conducting a 
site assessment outlines the necessity and capacity for skills 
space, teaching area, audiovisual (AV) implementation, ad-
ministration, and storage (Table 27.2, Figs. 27.1 and 27.2).

Planning for the various rooms well ahead of time allows 
for the greatest flexibility going forward, meaning that plan-
ning for maximum utilization, such as running concurrent 
sessions, can be thought of early in the planning phase of all 
facets of the simulation center. Table 27.2 also gives ideas 
and reasoning of simulation space in the event that a pro-
gram does include physical space. While each program will 
differ, it is important to define space approximations with 
types and volumes of simulations expected. Space allotment 
is not a well-defined process, rather it is usually an entity that 
increases in relation to one’s program; the greater volume 
and variety of simulations correlating to a greater amount 
and diversity of space needed.

Programs that have dedicated space within a hospital or 
college can vary in their use and function. Many times, these 
factors are related directly to their accessibility. As hospital 
providers inherently benefit and use a dedicated site more 
widely, it has become common to have programs on-site 
within a hospital’s space. On-site simulation centers allow for 
healthcare provider training during a regular workday, thus 
reduce staffing costs associated with freeing up healthcare 
providers for training [2]. For off-site programs, providing a 
means of transportation may become a consideration when 
planning program budgets for simulation training.

Space for storage is one of the most fundamental, yet 
critically underestimated, pieces of the program equation. 
Storage is unique in that a growing program will continue to 
need more space in order to sustain its increase in equipment, 
which is inevitable as simulations become more warranted 
or requested.

Table 27.1  Example of mission, vision, and values statement for a simulation program. (Courtesy: Uniformed Services University of the 
Health Sciences in Bethesda, MD)

Mission To use simulation and technology to enhance medical education, training, and promote safe patient outcomes
Vision Develop a center of excellence for medical modeling and simulation utilizing clinical simulation technologies to provide a safe 

learning environment for all members of the interdisciplinary healthcare team to train and sustain the required medical skills 
ensuring readiness and safe patient care in both fixed and deployed settings

Values We consistently strive to provide the highest quality of care for our patients and are committed to providing a supportive learn-
ing environment for all staff members. Utilizing an interprofessional team training approach, we are an innovative and unique 
center of excellence. Our employees are critical to the success of our organization, and we value their proficiency, expertise, 
knowledge, and vision. Driven by the imagination and enthusiasm of our employees, our potential is unlimited
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Fig. 27.1  Simulation lab set up 
with optional retractable wall. 
(Photo permission courtesy of 
KidSIM Pediatric Simulation 
Program, Alberta Children’s 
Hospital)

 

Table 27.2  Space considerations when planning a simulation center

Simulation labs Labs need to be designed with the flexibility to mimic a variety of clinical areas
Spaces may be equipped with gas, air, simulators, monitors, clinical equipment, medication, and 
telephones
Designing adaptable spaces to recreate multiple environments for training (e.g., use of curtains mimicking 
different environments) may provide enhanced flexibility

Control rooms Sometimes equipped with one-way mirrored glass offering an unobstructed view into the simulation lab
Control rooms require telephones to receive calls from the simulation lab, overhead and confederate 
microphones, and computers with the ability to run simulators from the control room, as well as within the 
active simulation space

Debriefing rooms Formal debriefing rooms offer a separate, safe environment for learners and instructors to reflect on their 
experiences and to revisit their learning objectives [3]
Ideally outfitted with audiovisual recording and playback capabilities

Audiovisual Integration of an audiovisual recording and playback system into labs and debriefing rooms offering 
multiple angles for video recordings which can later be used for reflection, teaching, research, and quality 
assurance purposes

Classrooms Other designated learning spaces must be made available for teaching, courses, conferences, and skills 
training
Flexibility in designing rooms that can be converted into smaller rooms is advantageous in order to host 
additional simultaneous courses and classes [4]

Administration and offices Dedicated workspace for primary simulation personnel involved in the daily operations of the center
Reception This area is the first impression to visitors and should be designed to reflect the vision of the center

The reception area can be used as a waiting room and to direct learners and staff through the use of daily 
schedules displayed on media screens

Dropdown space Workstations equipped with data ports and computers for simulation personnel and learners
Secure storage and utility rooms Adequate space to store extra simulators, supply carts, clinical equipment, and technical servers
Simulation library Physically or virtually housed library of scenarios, labs, diagnostic images, supporting documents, and 

other resources for running simulation scenarios
Outreach storage and parking Parking for mobile education vehicle and storage for outreach equipment
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Programs that do not have dedicated space have unique 
challenges of their own. While it is certainly possible to uti-
lize clinical spaces through in situ simulation, one must also 
consider equipment needs, patient safety, and confidentiality 
issues (see Chap. 12 for details). Other considerations for 
in situ simulation include the additional time required for 
transportation and setup of equipment and simulator(s) to 
the clinical space, as well as ensuring the clinical space is 
available for the simulation activity.

Teaching Faculty and Staff

Competent and trained faculty are necessary in order to 
deliver effective simulation-based education. Not only is 
it imperative to choose the right faculty but establishing 
clear roles for faculty is also important to meet the needs of 
the various curricula that are run by a simulation program. 
Based on these established roles, formal faculty develop-
ment should be identified and provided to ensure that faculty 
obtain the necessary knowledge and skills to effectively per-
form those defined roles (see Chap. 14). Without identify-
ing required roles carefully, it is easy to overlook several 
aspects of successful programs: breadth of courses offered, 
the target audience(s), course preparation, evaluation and 
research, quality improvement, growth, and faculty/staff 
development. Simulation center administrative leaders are 
encouraged to define the roles required within their program 
and then create an organizational chart that describes how 
these roles function within the program (see Table 27.3 and 
Fig. 27.3).

The development of an organizational chart and gover-
nance structure will define how each of the roles listed above 
fit within the simulation program. Ideally, the organizational 
chart should be accessible by all simulation program staff to 
ensure there is a shared and common understanding of the 
reporting structure and how different individuals are contrib-
uting to the overarching goals of the program.

Standard Operating Procedures and Policies

A simulation center should have standard operating proce-
dures (SOPs) in order to clearly define roles, responsibili-
ties, accountability, and the rules of engagement within a 
program. SOPs set procedure for setup, tear down, and 
maintenance of simulation equipment and cover a diversi-
ty of topics such as (but not limited to): administrative and 
regulatory procedures, training for new personnel, pay rates, 
quality assurance, evaluation, confidentiality statements, and 
orientation of learners. The Society for Simulation in Health-
care offers a Policy and Procedures manual that effectively 
outlines many standard program concerns, addressing issues 
in many areas of simulation programs [5].

One of the main responsibilities of a simulation program 
is to track users for educational and training purposes, as 
well as certification needs. Ideally, having either hard copies 
on file or electronic means to gather, store, or access these 
areas of information are necessary. Many learning manage-
ment systems are available to aid in this task, as well as draw 
on the system data to produce statistics that can be helpful in 
describing the program as a whole.

Fig. 27.2  Debriefing and 
classroom layout with optional 
retractable wall. (Photo permis-
sion courtesy of KidSIM Pedia-
tric Simulation Program, Alberta 
Children’s Hospital)
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Fig. 27.3  Sample organizational chart of simulation program personnel/faculty

 

Table 27.3  Roles and responsibilities within a simulation program

Title/Position Responsibilities
Director of simulation operations Oversees the entire program

Aligns program goals with stakeholders, needs and responds to requests for simulations from all entities 
(within a center or from outside the center)
Serves as the key contact for the program
Determines organizational structure and delegates responsibilities to other members of the program

Program manager (or) operations 
manager

Responsible for day-to-day operations within the program
Ensures that all operations within the program are functioning, such as simulators and other equipment, 
personnel, and scheduling

Business manager Oversees the fiscal operations of the program
Responsible for any and all financial obligations and requests and works with the advisory board 
(if  present) or other governing body of the program to ensure financial stewardship

Simulation education coordinator 
(or) simulation educator

Responsible for the day-to-day activities of simulation with assigned groups
Develops educational curriculum
Serves as educator, operator of simulator(s), and/or facilitators in the simulations

Simulation operator Responsible for operation and troubleshooting of any simulator within the program
Day-to-day operator of simulators

Simulation technician Responsible for setup and takedown of simulation events
This person can also assume the role of an operator within some simulation programs

Simulation research director and/
or coordinator

Oversees research activities of the simulation program
Is also responsible for interaction with the institutional review board (IRB), developing and overseeing 
research protocols

Administrative assistant(s) Assumes responsibility of pre-course planning of necessary paperwork, consents (i.e., video releases or 
confidentiality releases), post-course evaluations and/or summaries
Responsible for many of the intricate parts of the simulation that deal with overseeing proper collection 
of documents, processing continuing education, and other critical information entered into program data-
bases, such as learner names and demographics

Audiovisual/biomedical support This may be two roles or a combined role based on the background of the person performing the role
Troubleshoots and repairs any problems with the audiovisual or simulation equipment
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Information Technology
One area that cannot be overlooked in operations is pri-
vacy and accountability. As in all areas of healthcare, as 
well as many areas of business, protecting individual pri-
vacy has become the foundation of electronic data keep-
ing. Pediatric simulation programs are not excluded. Early 
discussions with institutional information technology (IT) 
experts are quite beneficial in dedicating not only serv-
ers for privatizing information but also securing networks 
for key data transmission to and from those servers. Many 
simulation centers are also going to engage external ven-
dors for AV products for research, debriefing, and data 
collection as well as established learning management 
system databases, both of which are reliant on secure and 
protected connections. This includes having the external 
vendors provide secure connections into the simulation 
centers’ IT infrastructure for upgrades, repairs, etc. Much 
of this discussion needs to be done in advance of installa-
tion and should be done between the simulation program 
representative and IT representatives from the institution 
and/or vendor.

Data from learners must be secured within the servers and 
cannot be shared without the consent of the learners. Data 
should also be considered confidential without the specific 
consent of the simulation center director and/or the person 
deemed in charge of the simulation center itself. This is usu-
ally confirmed through a binding written agreement (con-
sent) between the learner and the simulation program. Many 
pediatric institutions will also consider having all learners 
sign and consent to a confidentiality agreement, which is a 
soft agreement between the learner and institution that also 
asks the learner not to share the scenario information that 
they will experience during their simulation encounter with 
other students. This is an attempt to preserve the simulation 
scenarios and to allow other students the ability to be chal-
lenged by the scenario without knowing its content ahead of 
time. This is essential in a testing or high-stakes assessment 
environment. A soft agreement means that there is no conse-
quence to the learner if this agreement is broken; however, 
there is an agreement between them and the institution to not 
discuss this outside the center. Specific written consent must 
also be obtained for special circumstances, such as video re-
cording the learners, and whether these recordings can be 
used for education and research purposes (Fig. 27.4). Most 
institutions have a research ethics review body that requires 
individual consent forms for each individual study. These 
consent forms must be stored securely for a defined period 
of time.

Safety/Security
All SOPs must have specific written plans on safety and 
security within the simulation environment. The preceding 

section reviewed security as it pertains to IT. However, it is 
also critical to keep plans in place when thinking of:
a. Simulators and training mannequins—including where 

they are to be stored when not in use
b. Storage of other equipment—where additional equip-

ment can be housed, not only in the present but also 
future considerations as groups become more involved 
in your program. This can be a unique problem when 
considering a simulation program with property alloca-
tions; however, if the program is entirely built on in situ 
training, there will still be necessities for storage which 
must be considered. Considerations must be made for 
using the same type and model of clinical equipment 
(e.g., defibrillators, intravenous pumps, etc.) used within 
a facility.

c. Computers and AV equipment—including security and 
storage when not in use. In addition, many of these need 
to be left on and connected to networks for institution up-
dating and security.

d. Safety plans—including accidents or injuries related to 
any learners, faculty, or visitors to the lab.

e. Medications used during the simulations—whether these 
are actual medications or are empty vials that are now 
being refilled with water or saline. Some of these medi-
cations can be obtained from a hospital pharmacy where 
certain medications are housed when expired; or there 
are commercial distributors of replica medications that 
are nearly identical to actual medications but usually are 
quite substantial in cost.

f. Crash carts—whether these are replicas of actual code/
crash carts within a medical facility such as a hospital. If 
they are available in a setting within a lab, are they  easily 
accessible by visitors who might not know the difference 
in an emergency? Considerations must be made for using 
the same type, model, and content of true carts used with-
in a facility.

g. After-hours access—includes access to simulators and 
additional equipment after normal operating hours either 
within a simulation center or with in situ training.

SOPs on safety and security will need to include clear and 
consistent labeling of products and equipment used in simu-
lation to avoid any use on a real patient. This needs to be 
considered in all aspects of your program, whether with 
medications, defibrillators, or other equipment that should 
not be used on actual patients. A natural division must take 
place between actual patient equipment and non-patient 
medical use. This is especially important with in situ simu-
lation.

Specific Policies and Procedures
There are numerous other policies and procedures that can 
be discussed at length when considering the administration 
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Fig. 27.4  Sample consent form. (Courtesy Joseph Lopreiato, Uniformed Services University of the Health Sciences)

 



350 M. Moyer et al.

and operation of a pediatric simulation program. Table 27.4 
contains a comprehensive list of various policy examples 
shared from existing simulation centers in order to stimulate 
discussion and provide direction and assistance to programs 
in development. These are general guidelines and are meant 
to be starting points and content for policy in specific areas 
for simulation centers only.

Finances and Revenue

Careful planning of finances and potential revenue sources 
helps to ensure the long-term viability of simulation pro-
grams. While specific simulation programs may have unique 
differences in terms of financial support, there are similari-
ties in the potential sources of overall funding: either from 
internal (hospital, university) and external (user fees, re-

search funding, and philanthropy) sources. Philanthropic 
sources are usually good for larger, more expensive items, 
such as equipment (i.e., simulators and other clinical pie-
ces of equipment) or facilities (construction of a simulation 
lab or center). Funding from these sources is generally not 
aimed at operational funding, including salaries and benefits. 
A long-term solution that involves a combination of inter-
nal institutional support and creative use of external support 
enables some simulation programs to become self-sustain-
ing while also planning for on-going equipment needs and 
growth over the long term.

Successful philanthropic requests can be one-time gifts or 
multiyear commitments. Great care and creativity must be 
taken when approaching external funding sources either di-
rectly or through an established foundation. The competition 
for philanthropic support is significant, so creativity is nece-
ssary in making a compelling case and highlighting a clear 

Fig. 27.4  (continued)
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Table 27.4  Simulation program policy and procedure examples

Scheduling Facility use: What can/cannot be booked in the facility
Process: Intake and confirmation of any request for simulation space and equipment, who is responsible 
for this, and process, who is responsible for final approval and notification
Fee schedule (if applicable)
Priority: A hierarchy of which providers have preferential access to simulations should there be dupli-
cate requests made for space, mannequins, equipment, or trainers
Cancellation: Process of cancellation for use of space, mannequins, or equipment (user); considerations 
for closing a center or cancelling a session based on weather or other imminent considerations (includ-
ing communications plan)

Video recording General: policies and regulations for when and if sessions can be recorded
Notification: Informing participants in advance of the intention to video record session, including back-
ground information for the purpose and value of video recording and consent for completion
Distribution/storage: Specific instructions about how video recordings will be used and who will be 
authorized to review them, who has authority to grant such requests, other legal considerations within 
individual institutions
Destruction: When and how video recordings will be destroyed
Publication: Usually also disclosed within a written agreement; whether video of learners/facilitators 
will be permissible within a published format, whether as part of a quality improvement session, media 
(such as PowerPoint), or within a research ethics-approved publication (still photos or photos obtained 
from video)

Equipment/lab use (daily checklists) Equipment: Standard equipment use and tests (e.g., gases, monitors, batteries, doors unlocked)
Gases: May want a separate and more profiled gas checklist
Simulators: Power on and off procedures
Paperwork/computers: Data collection is functional and ready
Malfunctions: Reporting procedures
Shutdown: Procedures for cleaning up after simulation session is over
Re-stocking: Lab and equipment

Scenarios Template use
Structure and mandatory minimum components
Authorship rules
Storage rules
When can a scenario be used—policy on validation
Implementation: Recommended procedure; peer review/validation process

Vendor relations Beta testing: If a vendor expresses interest in using any program equipment or simulators for testing 
products; legalities of each institution as well as intellectual property considerations
Gifts: What donations or gifts are acceptable and who must approve any form of reimbursement or 
services
Events: Approval process for vendor participation within a program’s operations, courses, or use of 
equipment
Showcases: Process for approving any displays used within a program
Grants: Usually a detailed process that must be acted on in an organizational manner; process in place 
to work towards applying for and/or receiving grants for a program
Access to facility: Protocols for access to facility during working hours and after hours

Miscellaneous Observation for course participants: Discussing how courses, classes, and simulations will be con-
ducted; the dynamics of who will be allowed within a simulation session at any given time during a 
particular session
Observation for nonparticipants: Will those in attendance of sessions who are not a part of a class 
or group/department be permitted to observe other participants; are consents needed; disclosure to 
participants?
Required disclaimers and pre-event statements/consents
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need, as well as sharing positive outcomes and inviting them 
to become active partners in the solution. Inviting members 
of the public to the simulation setting (and potentially watch-
ing or being involved in simulation themselves) can be very 
helpful in having them understand the need more clearly. A 
similar approach can be taken with internal funding sources, 
although more emphasis should be placed on outcomes and 
organizational benefits. Organizational support helps facili-
tate success by sharing the value of training initiatives and 
in turn contributing more simulation resources and funding 
[6, 7].

Independent of the funding stream being pursued, a clear 
understanding of the overall vision of the program and, in 
particular, the simulation center needs (both equipment and 
personnel) is extremely important early on in the planning 
of the simulation program/center. A list of available funding 
sources can be found in Table 27.5.

Facility Fees
One avenue of ongoing funding for simulation centers is 
charging the end users a facility fee (Table 27.6). This can 
be an effective way to ensure long-term sustainability of a 
simulation program by trying to recoup some of the costs 
of wear and tear on simulation equipment and the need to 
eventually purchase new simulators, as well as the need to 
replace clinical supplies and other consumables. Howev-
er, it is unlikely that facility fees will allow for funding of 
human resources or new infrastructure. There is no standard 
simulation facility fee structure that will fit every program 
as individual costs vary among regions and is dependent on 
each institution’s simulation needs. A fee calculation will 
also change depending on the amount of operational fund-
ing a program already receives from other sources. A rental 
policy and fee structure should be developed and reviewed 
with key stakeholders. The fee structure should include use 

Table 27.6  Example of program fee structure

External
• Non-charitable
• Organizations
• Industry

External
• Registered charities
• Internal
• Participant fee
• Research

Internal
• No participant fee

Simulation center 
Per room per hour of event time 
( inclusive of setup and clean-up time)

Priced per simulation room per houra Priced per simulation room per houra No fee

Simulation center
Staff members

Priced per staff member per hour Priced per staff member per hour No fee

External use
High-fidelity equipment

Priced per hour of event time Priced per hour of event time No fee

External use
Low-fidelity equipment

Priced per hour of event time Priced per hour of event time No fee

a Multiple simultaneous room bookings may qualify for overall discount

Table 27.5  Potential sources of funding and revenue

Institution Funding at the organization level
Requires engagement and buy-in from management early in the development process [6]

Department Departments with an invested interest in simulation learning objectives pool resources to further fund training and staff
Generate department interest by highlighting unit-specific goals and engaging content experts

Foundation Gifts and donations managed and distributed by internal and external foundations
Research foundation guidelines, application requirements, and deadlines early in the program development process

Grant Grant funding is becoming increasingly competitive. Find a niche to submit a more competitive application [7]
Federal Federal governments provide funding for the research and development of innovative ideas [7]

Examples of federal granting agencies are the Canadian Institutes of Health Research (CIHR), the National Institutes of 
Health (NIH) Office of Extramural Research, the National Science Foundation (NSF), and the Department of Defense (DOD)

Industry Industry leaders in the world of simulation or healthcare support programs through donation of equipment, equipment dis-
counts, funding, scholarships, and staff training

Self-generated Revenue generated from the implementation of an internal fee structure, such as charging for space usage, equipment rental, 
and hosting of paid courses and conferences

Database Massive databases collectively house searchable research funding opportunities
Examples include, but are not limited to; Grant.gov, the Sponsored Programs Information Network (SPIN) 
http://infoedglobal.com/solutions/spin-global-suite/ and pivot http://pivot.cos.com/
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of the simulation rooms and clinical equipment, disposable 
items, access to debriefing rooms, and the need for techni-
cal and educational assistance. Even catering for events and 
courses needs to be considered. The review with stakehold-
ers is important as the implementation of a user fee may im-
pact use of the center by some groups. Some programs create 
a differential in the fee schedule whether the user group is 
considered internal or external and whether the use is dur-
ing normal business hours or is an after-hours request. Some 
user group categories to consider when incorporating facility 
fees into an operations model: internal faculty during busi-
ness hours, internal faculty outside of business hours, ex-
ternal faculty on-site, external use of equipment and staff, 
registered charities, noncharitable organizations, industry, 
and research groups. Researchers should incorporate this fee 
structure into their grant proposals.

Revenue is crucial in generating a sustainable program, 
but consider the balance between charging a user fee for ex-
ternal use and the availability of the center to internal groups.

Simulation Program Expenditures
The other side of the equation is simulation center costs, 
which include mannequins and clinical equipment, dispos-
able clinical items, and human resources. The actual cost of 
simulation-based training is largely dependent on the target 
population, purpose of the simulations, and the technology 
used. The business case will vary widely between regions 
and countries, and will have differing driving forces and 
economic strengths [1]. Other variables include the level of 
fidelity, requirements for space, and the amount of institu-
tional support, which will be key factors in determining a 
site-specific budget. In addition to the significant costs of 
mannequins, AV equipment, space design, and large pieces 
of clinical equipment, it is also advisable to take into consid-
eration additional costs accrued from maintenance, warran-
ties, standardized patients, medical supplies, furniture, com-
puters, and purchase of scenarios among others [8]. Creative 
options to minimize cost involve using medical supplies and 
equipment from surplus and using expired medication and 
other clinical supplies from clinical units [6, 8].

Competent and adequately trained personnel are the most 
valuable and expensive resource in an organization [6]. Ad-
equate training can be time-consuming and costly, so mini-
mizing staff turnover is significant. Identifying simulation 
champions early in the development process is essential to 
generate momentum and buy-in, and eventually program 
sustainability [6]. It is also very important to identify the 

program’s human resource needs early on as this will affect 
their inclusion in operational funding. Planning for future 
growth is equally important, although looking ahead when 
trying to secure initial operational funding is sometimes di-
fficult, especially when the simulation program use is based 
solely on estimates. It is also important to include all possi-
ble human resource needs: teaching faculty; simulation tech-
nicians; managers; administrative assistants; aides; AV, IT, 
and biomedical support; among others. While simulation and 
clinical equipment are essential in bringing this education 
modality to life, simulation center staff is crucial to keeping 
a program live and sustainable.

Conclusions

The operation and maintenance of a simulation program 
is a complex and dynamic process involving people, time, 
space, and money. Balancing these variables while deliver-
ing high-quality, credible, and sustainable simulation edu-
cation is a challenge. With attention to stakeholders’ needs, 
proper planning, and organization of resources, SOPs, and a 
strong sense of mission and purpose, these challenges can be 
overcome in order to allow a simulation program to serve the 
communities’ needs. This chapter has provided a foundation 
for new and existing simulation programs aimed at capital-
izing on educational needs within their own institutions and 
communities.
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Simulation Pearls

1. At the outset, the desire to positively impact real patient 
outcomes and experiences may seem overambitious. 
Without it the necessary program planning, data collec-
tion, and analysis of simulation-based outcomes, such as 
observations of changed practice in the simulated learn-
ing environment may not translate to the real-world set-
ting.

2. It is important to appreciate the interaction between the 
learner during SBE and the actual process of care ex-
perienced by the patient; rather than acting simply as a 
mode of instruction, the input of the learner in perform-
ing and analyzing the task during SBE may be utilized to 
constantly amend and improve existing care processes to 
achieve more efficient and safer work practices for the 
real-world setting.

3. Curricular design is used to plan experiences to impart, 
improve, or sustain knowledge, skills, and/or behaviors to 
address an identified problem and/or health need. These 
may be related to a single or a multitude of internal and 
external forces affecting the process of care: patient pre-
sentations and outcomes, healthcare provider (HCP) com-
petence, population needs, institution needs, systems and 
processes, or educational curricula and programs.

4. The most significant barrier to sustainability for most 
simulation programs is the ongoing buy-in and support 
from the administration of the institution responsible for 
the simulation program. This buy-in has many forms, 
from simply allowing SBE to occur on the premises and 
advocating for staff and physicians to attend to establish-
ing a formal budget for the simulation program and staff, 
and everything in between.

5. Formal faculty development events within a local pro-
gram can promote a sense of community and a shared 
understanding.

6. Beyond the design and implementation of simulation 
scenarios, a great need exists in simulation programs for 
educators who are versed in debriefing methodologies ap-
propriate for learning objectives (i.e., clinical decision-
making, team behaviors, communication skills, and pro-
cedural skills).

Introduction

This chapter describes important concepts in planning, de-
livery, and measurement of outcomes from a simulation-
based education (SBE) program. At the very outset when 
planning a SBE program, careful consideration should be 
given to the overall aim and how the program may fit with 
existing curriculum and other learning opportunities. Also, 
from a pediatric program standpoint, the vital importance 
of including the perspective of the child or parent when 
deciding on the program’s aims cannot be understated. The 
most successful healthcare SBE programs aim to impact a 
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clear patient-based outcome that any parent would value. 
These may be termed T3 outcomes in translational medi-
cine, that is, improved patient or public health outcomes 
directly related to the educational intervention [1]. At the 
outset, the desire to positively impact real patient outcomes 
and experiences may seem overambitious. However, with-
out it, the necessary program planning, data collection, 
and analysis of earlier outcomes, such as observations of 
changed practice in the simulated learning environment 
and observations of changed healthcare practices in the re-
al-world setting, may be omitted [2, 3]. Any SBE programs 
able to document outcomes that include improved patient 
care would be highly valued by the child or caregiver, the 
learner, and the organization, and would easily justify fu-
ture funding.

In order to build an effective and sustainable SBE pro-
gram, the role of education and training in the effectiveness 
hierarchy of interventions in the healthcare system needs to 
be scrutinized and well understood. Other elements must be 

in place and operate in concert with the training initiative 
for any chance of real and lasting success. These elements 
include forcing functions, automation and computerization, 
simplification and standardization, decision-support tools 
such as reminders and checklists, and rules and policies [4]. 
While arguably less effective as a stand-alone intervention, 
the SBE program is a critically important element. In ad-
dition to the intrinsic value of the opportunity for deliber-
ate practice and reflection for the individual learner, the 
SBE program has the power to inform, shape, and bind all 
other elements into a cohesive, safe, and efficient system of 
healthcare. It is important to appreciate the interaction be-
tween the learner during SBE and the actual process of care 
experienced by the patient; rather than acting simply as a 
mode of instruction. The input of the learner in perform-
ing and analyzing the task during SBE may be utilized to 
constantly amend and improve existing care processes to 
achieve more efficient and safer work practices for the real-
world setting (Fig. 28.1).

Informed Process
of care

Modify forcing
functions,

simplify process,
decision-support
tools, rules and

policies

Identify and
practice

solutions

Identify
de�ciencies,

ine�ciencies and
latent errors
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Simulation Based
Learning

Fig. 28.1  The simulation learn-
ing cycle
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Learning Theories Supporting Simulation-
Based Education

To fully appreciate the value of SBE, it is important to 
review the learning theories and related concepts that 
underscore the value of using experience to support the 
learning process: experiential learning theory and reflec-
tive practice, deliberate practice, mastery learning, and 
automaticity.

Experiential learning theory houses the concepts of re-
flective practice, deliberate practice, mastery learning, and 
automaticity. The basic premise behind experiential learn-
ing theory is that learners learn through doing, and in the 
process of doing, they experience certain outcomes which 
inform their thought processes [5, 6]. Experiential learn-
ing theory was derived from the intellectual work of John 
Dewey, Kurt Lewin, and Jean Piaget [5]. It consists of four 
phases: the concrete experience, observations and reflection, 
abstract conceptualization, and direct experimentation to 
test new concepts. Dewey, the most influential educational 
theorist of the twentieth century, believed experience was 
necessary to enhance learning (concrete experience). His 
intellectual work focused on understanding the dialectical 
tension between experience, concepts, and purposeful ac-
tion. Experience informs ideas which inform impulses and 
resultant behaviors. The experience itself is the impetus for 
reflection even without facilitated discussion or debriefing 
[6]. Lewin contributed to the theory by adding to our under-
standing of organizational behavior. He believed that human 
behavior is a function of an individual’s characteristics and 
the immediate social situation influenced by the power of 
group dynamics. For him, stability and change was achieved 
through reflection on group processes, discussion, and feed-
back (reflection) to unfreeze poor assumptions or practices 
in order to change and refreeze new and better practices 
(abstract conceptualization). He also believed that refreez-
ing only occurred when learners experienced positive out-
comes in response to their actions (direct experimentation) 
[7]. Lastly, Piaget defined the process of abstract conceptu-
alization. Unanticipated and undesirable outcomes to actions 
create individual and team tension, underscoring the need 
to accommodate new understandings or assimilating current 
understandings and thought processes to achieve desired 
outcomes [8, 9].

All four phases in the experiential learning cycle are es-
sential and iterative, and learners move through the cycle 
with all experiences in life. Simulation optimizes a process 
that occurs naturally with real-life experiences, while al-
lowing some control over the experience to tailor it to meet 
learner needs [10]. Simulation also allows immediate re-
play of the experience to allow the learner the opportunity 

to experience a positive outcome from their behaviors and 
actions.

The concept of deliberate practice emphasizes attention, 
reflection, and repetition with feedback to increase one’s 
level of performance. The value of deliberate practice was 
first espoused by Sir Francis Galton. Galton recognized the 
need for practice to achieve a desired level of performance 
even when individuals were perceived to have innate ge-
netically inherited characteristics that predetermine them 
for greatness [11]. Appreciation for the concept of deliber-
ate practice is also supported by knowledge of the learning 
curve and the theory of skill acquisition. Research on the 
learning curve makes explicit the relationship between units 
of practice and increasing levels of performance which will 
eventually slow down over time as individuals or teams be-
come more skilled [12]. Skill acquisition theory describes 
the characteristics of learners as they progress through in-
creasing levels of performance, novice to expert. Accord-
ing to Dreyfus, as individuals become more skilled, they 
become less reliant on abstract principles and more reliant 
on concrete experience. Additionally, the complexity of the 
task or behavior, and the frequency of use by a HCP or team 
influence the capacity for automaticity, with frequently ex-
perienced tasks and behaviors being more susceptible to 
becoming automated [13]. Bloom highlighted the value of 
learning in sequence allowing learners to master elemen-
tary levels before being tasked with more complex levels 
of performance [14]. Lastly, the concept of mastery learn-
ing, a term also coined by Bloom, is reliant on the learner 
having the prerequisite knowledge to be successful with the 
learning objective, learner motivation, and a well-designed 
rigorous curriculum allowing learners the time needed to 
achieve the outcome/objectives [14]. SBE curriculum is 
grounded by experiential learning theory, allowing learn-
ers the opportunity to engage in deliberate practice to mas-
ter learning [15]. When curricula design is underpinned by 
principles of adult and experiential learning theory, it is 
more likely to result in learning that is directly transferable 
to the workplace.

Steps in Curriculum Design and Development

Curricula design for SBE describes the framework for select-
ing, structuring, sequencing, and managing selected experi-
ences to support learning [16]. Carefully planned experiences 
provide an opportunity for individual or teams to engage in 
deliberate practice, applying their knowledge, skills, and be-
haviors (KSB) to manage a patient care episode to optimize 
outcomes. It is in this process that learning occurs; the expe-
rience in turn further informs an individual or team’s KSB 
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[6]. In Latin, the term curricula means “a running or a race 
course,” the pathway for achieving a desired outcome [17]. 
In current usage, the term curriculum is used to describe the 
plan of (a) an educational program, (b) a course, (c) a work-
shop, or (d) any educational activity intended to impart KSB 
to support learning [18]. Effective curricula design is under-
scored by the following principles: (a) the experience should 
be underpinned by the principles of adult learning theory, 
(b) learning objectives should reflect learner abilities and 
need, (c) assessment should be based on learning objectives, 
and (d) evaluation is important because it provides informa-
tion about the efficacy of curriculum for supporting learn-
ing, as well as an opportunity to further improve curriculum 
design, and ultimately to inform the real-world process of 
care [1, 19, 20]. In SBE programs, curricula design is used 
to plan experiences to impart, improve, or sustain KSB to 
address an identified problem and/or health need. These may 
be related to a single or a multitude of internal and external 
forces affecting the process of care: patient presentations and 
outcomes, HCP competence, population needs, institution 
needs, systems and processes, or educational curricula and 
programs.

For the purpose of describing curriculum design in this 
chapter, we will use a simplified version of Kern’s six-step 
approach [16, 18, 21]. Learning outcomes is used here to 
replace goals in step 3, and assessment is added to step 6, 
in order to make explicit the need for both assessment and 
evaluation in order to understand the efficacy of the curricu-
lum. Table 28.1 presents this modification of Kern’s six-step 
approach.

The six-step model can be conceptualized as either a lin-
ear or circular process with movement in any direction from 
any step and the outcome of step 6 acting as the precursor for 
further curriculum. Examples and practical guidance, drawn 
from experience gained in developing and teaching pediatric 

interprofessional (IP) curriculum to undergraduate students, 
are provided below [22–24].

Step 1: Problem Identification and General Needs 
Assessment

Curricula are generally developed to address a problem or 
health need. To develop an effective curriculum, program 
developers should endeavor to obtain a 360-degree view of 
the problem; first, who is impacted and second, the extent 
of the impact on patients, the HCP and team, the institu-
tion, the system and processes, and the current educational 
program. This approach should expose the internal and 
external forces that contribute to the problem [16]. In this 
approach, these forces are labeled predisposing, enabling, 
and reinforcing factors [18]. Predisposing factors are ele-
ments such as competence levels and attitude that impact a 
person’s desire to change. Enabling factors are forces from 
the system and the environment that can support or impede 
change. Lastly, reinforcing factors reflect perceptions of 
the experience after change. When the experience is valued 
and positive, it is more likely to be sustained in contrast 
to when it is not valued. Once the problem and internal 
and external forces are identified, program developers need 
to look at current efforts to address the problem from all 
sources of influence. A review of the current approach and 
practice and its degree of separation from the desired prac-
tice is important to identify existing gaps; this then forms 
a natural outline for the curriculum. Observations and ex-
periences taken from real practice settings, reviews of ad-
verse events, informal or formal discussions with the vari-
ous stakeholders, competence assessments, questionnaires, 
and surveys are all methods that can be used to gather this 
information.

Table 28.1  A modified six-step approach to curriculum design
Steps Based on Kern et al. [18]
Step 1 Problem identification and general needs 

assessment
Obtain a 360 degree view of the problem

Step 2 Targeted needs assessment Understand the specific needs, prior experience, and learning styles of all learner 
groups

Step 3 Learning outcomes and learning 
objectives

Set explicit expectations for learners (explicit, sequential, achievable, and measur-
able) and develop assessment criteria and tools

Step 4 Educational strategies Articulate the content and modality needed to deliver the curriculum: Appropriate 
content and adequate realism for the ability or expertise of the learners

Step 5 Implementation Identify the required resources for curriculum delivery: profession and institution 
support, identified committed faculty, SBE faculty development, funding, space, 
equipment, time, and administrative support

Step 6 Assessment, evaluation, and feedback Assess and evaluate the program against the desired level of performance and 
inform lesson and curriculum design with feedback from the SBE event

SBE simulation-based education
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Step 2: Targeted Needs Assessment

Development of effective curricula is dependent on under-
standing the targeted learners’ previous experience, levels 
of competence, learning styles, program resources, and the 
predisposing, enabling, and reinforcing factors identified in 
step 1. This information underpins the learning objectives 
and the scenario design to create the necessary relevance and 
realism to provide real-world cues and engage the learner in 
deliberate practice. As outlined in step 1, this information 
can be gathered through formal or informal methods.

Step 3: Outcomes and Objectives

Competency-based, learner-centered education focuses on 
outcomes to secure readiness for practice [29]. Learning out-
comes are broad statements about learner achievement, in 
contrast to learning objectives which are more specific and 
used to delineate the path for achieving the outcome [30]. 
Outcomes and objectives serve many functions: set explicit 
expectations for learners and programs, create a template for 
organized thought, outline content development and resource 
needs, and, importantly, enable development of assessment 
criteria and tools [30, 31]. Objectives are drafted to identify 
the conditions under which the performance should occur 
and the criteria or standard required to meet the expectation 
or expected outcome [31]. In the six-step approach, the fol-
lowing five elements are used to simplify the process: who 
(stakeholder/learner) will do (performance) how much and 
how well (criteria or expected standard) of what (conditions) 
by when (conditions) [18]. The verbs used to describe the 
level of performance should reflect the appropriate level of 
complexity of KSB for the targeted learner [19]. Different 
taxonomies may be used to identify these levels. Bloom uses 
cognitive, psychomotor, and affective domains to illustrate 
six levels of progression in complexity of knowledge, skill/
behavior, and attitudinal objectives [14]. Miller uses knows to 
knows how to shows to does to differentiate between  recalling 

Example

An IP curriculum was developed in a tertiary-care chil-
dren’s hospital in order to teach critical assessment and 
treatment skills around routine pediatric emergencies 
[22–24].

Problem/need: Despite general endorsement of 
interprofessional education (IPE), very few initiatives 
exist in undergraduate health professional education 
[25]. In this children’s hospital, groups of nursing, 
respiratory therapy, and medical students were engag-
ing independently in weekly SBE sessions to learn 
how to manage common emergencies and presenta-
tions, and how to work as a team. However, the ses-
sions were being delivered unprofessionally.

Scope of the problem and predisposing factors: 
Discussion with relevant leadership from each profes-
sion’s training program exposed the following forces 
that underscored the need to engage in an IP curricula. 
The predisposing factors were: no other exposure to 
IPE and related concepts, conflicting schedules, and 
no allocated funding for IPE initiatives. The enabling 
factors were: All students were at the children’s hos-
pital every Wednesday for their clinical experience 
and all students were required to learn about common 
pediatric emergencies. Reinforcing factors: Faculty 
had positive personal experiences with IPE, some 
resources were in place (simulation program offered to 
sponsor the curriculum) and IP training added impor-
tant realism.

Example

The targeted learners were undergraduate nursing, 
respiratory therapy, and medical students. The nurs-
ing students, in year 3 of a 4-year program, had less 
experience than the medical and respiratory therapy 
students, who were in the final year of their respec-

tive programs and had been exposed to more KSB. In 
particular, the nursing students had very little experi-
ence with intravenous medications. This information 
was used in developing learning objectives around 
common emergency presentations with a focus on 
identification of the illness and initiation of treatment 
that were appropriate and relevant for all learners. It 
was anticipated that the learners would benefit from 
an opportunity to learn with students from other pro-
fessions and gain insight and respect for each other’s 
team roles with an expectation of improved team col-
laboration [22–24, 26–28]. Wednesday was identified 
as the ideal time to deliver the IP curriculum as all 
learners were scheduled to be present in the hospital. 
The assumption that there would be variation in learn-
ing styles makes SBE a suitable modality as it pro-
vides visual, auditory, and kinesthetic cues during the 
experiences. Two faculty leaders from each discipline 
committed to the IP curriculum and created a pool of 
instructors. Each session was led by faculty leaders 
from two of the three professions to provide an expert 
model for IPE. Competence with SBE was addressed 
by supporting faculty participation in local simulation 
faculty-development workshops.
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information, the ability to describe procedures and solve 
problems, and the demonstration of behaviors in a controlled 
setting to behaviors in a real practice setting [32, 33]. When 
learning objectives or outcomes are developed for an IP group 
of learners, faculty must consider the different elements that 
define competence of the different professional learners in 
order to secure relevance and learner engagement [34]. In all 
cases, the emphasis should be on writing learning objectives 
or outcomes that make the expectations for learners or pro-
grams explicit, sequential, achievable, and measurable.

Step 4: Educational Strategies

Educational strategies articulate the content and modal-
ity used to deliver the curriculum. Content is developed to 
support each learning objective. Key instructional design 
features that may be utilized are discussed here. The provi-
sion of enough content detail to support achievement but not 
overwhelm learners is an important principle, and should be 
based on the ability or competence level of learners [35]. 
Scenarios are used to support the learning objectives for in-
dividuals and teams. By incorporating key cues characteris-
tic of the event, they create an appropriately realistic context. 
In this way, scenarios provide realistic (but not real) experi-
ences, with the aim of providing reusable cues to implement 
strategies, behaviors, and actions for successful outcomes in 
the real world. Learners of differing KSB or expertise will 
expect and respond to different elements of the environment 

and key cues should be incorporated for all learning objec-
tives [36].

To ensure the best chance of appropriate realism, the spe-
cifics of a scenario are often taken from real practice ex-
amples. The initial content of most clinical scenarios cov-
ers elements common to many clinical encounters, such as, 
establishing team introductions, roles and positions, locating 
and checking equipment, and correct donning of personal 
protective equipment. Attention and feedback on these initial 
elements of most scenarios has been described as two-minute 
training and has the potential for the development of auto-
maticity for behaviors in learners with repeated exposures to 
SBE [37]. By detailing specifics of the patient presentation, 
environment, and available resources, an effective scenario 
orientates the learners and provides context to enable transfer 
of learning to the real world. In SBE, an effective scenario 
details suitable simulation technology to achieve the learn-
ing objectives and desired management. Many programs use 
a template to standardize the approach and create a shared 
mental model for faculty (see Chap. 2 on Scenario Building).

Final choice of instructional design is dependent on many 
factors including the learning objectives, participant knowl-
edge, skills, expertise and IP diversity, time available, and 
program scalability. In some programs (including smaller 
and less resourced), this may result in greater use of role 
play [38, 39], whereas in well-funded and resourced educa-
tion programs, faculty may have access to part task trainers, 
haptic trainers, low- and high-technology mannequins, and 
standardized patients (SPs) [40, 41]. Part task trainers and 
haptic trainers are predominantly used for skill training and 
hybrid simulations, often in combination with a SP, but re-
quire greater faculty involvement in the scenario as feedback 
from the models is usually limited [42]. SPs are a useful re-
source, although a costly one, and as such are not used as fre-
quently as other types of simulation technology [43]. Lastly, 
low- and high-technology mannequins are frequently used 
for individual and team-focused objectives as they allow 
faculty to control acuity to align with the learner’s level of 
ability and behaviors [44]. In all cases, and regardless of the 
level of technology, other elements of the real-world envi-
ronment, including the need to ensure a family-centered ap-
proach, availability of clinical decision-making and clinical 
care tools, and relevant equipment always need to be incor-
porated and used in the SBE session to create appropriate 
realism and context for the learner.

One final consideration is the potential benefit of imme-
diate repetition of the same simulated experience, as it may 
enable participants to realize and experience successful strat-
egies for a positive outcome, and to rehearse and integrate 
new information in working memory into existing frames or 
schema in long-term memory [45]. An understanding of the 
simulation training dose required for the majority of learn-
ers to achieve the desired minimum standard is helpful but 

Example

By the end of the simulation-based learning session 
(the condition), nursing, respiratory, and medical stu-
dents will demonstrate effective team management 
(performance) of a child with a pediatric acute-care 
presentation (e.g., acute exacerbation of asthma; crite-
ria). Of the students, 90 % will participate in one 3-h IP 
session during their clinical rotation at the children’s 
hospital and will recommend the experience to their 
colleagues. Learners will: (a) identify (performance) 
the clinical signs and symptoms of an acute exacerba-
tion of asthma (criteria), (b) administer (performance) 
a timely dose of bronchodilator (criteria) as per physi-
cian order to improve work of breathing and ventila-
tion, (c) use closed-loop communication (performance) 
when completing task work (criteria) so that each team 
member is aware of completed task work, and (d) 
establish (performance) role clarity ensuring someone 
is assigned to lead the management, control the air-
way, document, complete procedures, and administer 
medications (criteria).
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rarely known for any specific skill or learning objective and 
is likely to vary substantially between individuals. A study 
of chess players showed that some players became masters 
with relatively few hours of deliberate practice, while others 
needed up to eight times as long [46]. In SBE, it is likely that 
several factors will influence the training dose required, in-
cluding the previous experience and prior skills of the learn-
er, and the complexity of the task or learning objective. As 
an example, a study of medical students acquiring the skills 
required for thoracocentesis revealed that between three and 
four training episodes were required to achieve the mastery 
standard [47].

Step 5: Implementation

Implementation of a curriculum requires resources: profes-
sion and institution support, identified committed faculty, 
funding, space, equipment, time, and administrative sup-
port. Prior training of faculty to ensure appropriate teaching 
skills for SBE is important. Utilization of available learning 
spaces, either in a simulation center or in situ within a clini-
cal area of a healthcare facility, will impact scheduling and 
complexity of coordination of the curriculum. Implementa-
tion is the ultimate validation of the feasibility of the cur-
riculum, hence a pilot to better understand the challenges in 
implementation is generally recommended.

Step 6: Assessment, Evaluation, and Feedback

The last phase of curricula design is assessment, evaluation, 
and feedback. While the terms assessment and evaluation are 
often used interchangeably, there is an important distinction 
[48]. Assessment is the process of getting information about 
learner/program achievement, while evaluation is the judg-
ment about the quality of achievement—did the learners/
program meet the expectations or criteria articulated in the 
learning outcomes? The need for assessment (informal vs. 
formal) and evaluation is often determined by who needs the 
information and how the information will be used. However, 
the basic principle of aligning assessment questions and cri-
teria to the outcomes/objectives is essential [30]. Formal as-
sessment of reliability and validity of nominated outcomes 
in any educational program requires sufficient resources, 
funding and knowledge of research design, methods and sta-
tistical analysis [49, 50].

Another initial challenge is to carefully establish the de-
sired level of performance. This may require a reference 
group with demonstrated ability or expertise to undertake 
the task with objective assessment in order to define a band 
of acceptable performance scores. Checklists, performance 
scales (sometimes incorporating time taken to achieve role-
specific tasks), and questionnaires are all examples of tools 
used to gather and examine this level of evidence [51].

Kirkpatrick’s Four-Level Training Evaluation Model is 
acknowledged for its contribution to understanding the im-
pact of learning on individuals, teams, and systems [52]. 
Level one describes how learners responded to a curricu-
lum and is often referred to as learner satisfaction. Level 
two focuses on the type of learning that occurs with respect 
to knowledge, skills and/or attitudes. Level three evalu-
ates individual or team behavior change and the capacity to 
complete task work or interact effectively to provide timely 
medical management. Level four evaluates cost and benefit 
for the system and how learning benefited the practice set-
ting, the population, and the health service delivery system.

An alternative approach is to apply a SBE research 
paradigm and utilize the principles of translational sci-
ence to demonstrate that results achieved in the educational 

Example

A scenario template was used to script four scenarios 
for the undergraduate IP curriculum: asthma, bronchi-
olitis, seizure, and septic shock. Pediatric mannequins 
were used to deliver the scenarios in a simulation cen-
ter. The environment was set up to reflect an acute-
care facility treatment room in an urban center. Student 
teams were expected to assemble, communicate and 
assign roles, and to wear appropriate personal protec-
tive equipment. In each of the scenarios, teams were 
expected to complete an airway, breathing, and circu-
lation (ABC) assessment, put the child on a cardiac 
monitor with measurement of noninvasive blood pres-
sure and oxygen saturation, and perform ongoing mon-
itoring of the child’s status. They were also expected 
to provide hemodynamic support with intravenous 
access and fluids, and provide medical management 
with medications as required. Task requirements were 
congruent with each discipline’s scope of practice as 
expected by individual educational programs. Follow-
ing group debrief, the same scenario was immediately 
re-run to allow learners to utilize newly learnt behav-
iors and management strategies.

Example

In the IP undergraduate curriculum, piloting provided 
important information about the amount of operational 
support needed to effectively implement the curricu-
lum. The pilot exposed the need for additional faculty 
resources to support the operation of the manne-
quin, allowing for a greater focus on observation and 
debriefing.
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 laboratory (T1) transfer to improved downstream patient 
care practices (T2) and improved patient and public health 
(T3) [1] (see Chap. 30 on Research).

Lastly, feedback from the learning event is used to inform 
curricula design and also in some cases the actual process of 
care [2].

Curricula design for SBE creates a venue for guiding the 
educational experience to enhance stakeholder learning. 
Regardless of which curricula model is used, stakehold-
ers should maintain the basic principles of curricula design 
presented in the six steps. In all cases, the following factors 
should be taken into account to ensure the most appropriate 
instructional design for a successful program:
a. Prior identification of an essential knowledge base for 

participants to acquire beforehand then refer back to and 
reflect on during the simulated learning event.

b. Appropriate realism with utilization of tools, communi-
cation pathways, and strategies found in the real-world 
setting, in order to provide reusable cues for required be-
haviors and actions.

c. Adequate time for feedback and reflection of behaviors 
and actions; as a rule of thumb, at least 50 % of the time 
available should be allocated to this activity.

d. Opportunity for repetition of the same simulated experi-
ence in order to enable participants to realize successful 
strategies for a positive outcome.

e. Data collection and analysis to capture participant knowl-
edge skills and behaviors integral to successful attainment 
of learning objectives to be used to inform future curricu-
lum and actual care processes. Careful assessment against 
predefined outcomes will inform program development 
and patient care and should strive towards providing evi-
dence in a translational science framework.

Building a Simulation Education Culture

The integration of a new teaching methodology like SBE 
into established healthcare education culture may be very 
difficult. Other important educational revolutions like the 
focus on patient safety and the emergence of IP education, 
both heavily tied to SBE, share a similar need to invade and 
influence a pre-established culture. The development and 
growth of simulation programs can face many challenges 
in this regard. This section will highlight specific practical 
ideas on how this invasion, integration, and change can be 
promoted through specific influences on learners, faculty, 
administrators, and potential philanthropic funding sources. 
All of these strategies are means of establishing and growing 
effective SBE programs.

Culture change in any organization, including healthcare 
and healthcare education, is difficult. It is well established 
that it takes time to alter the way people think and behave, 
and even after sufficient time, the changes seen may be 
small. It is important that those driving the change recognize 
the barriers to change and use established strategies to move 
things forward.

In building greatness, there is no single defining action, no grand 
program, no one killer innovation, no solitary lucky break, no 
miracle moment. Rather the process resembles relentlessly push-
ing a giant, heavy flywheel in one direction, turn upon turn, build-
ing momentum until a point of breakthrough and beyond [53].

Barriers to Change

There are four main common barriers to change in organiza-
tions, most of which are applicable to healthcare education 
and SBE. The first barrier is cognitive, in that people must 
understand clearly the reason for change. The second barrier 
is the motivation of all of the stakeholders to change. Change 
may be viewed as difficult and/or feared within established 
organizations. In such cases, behavior is sometimes not af-
fected significantly, even in the face of overwhelming evi-
dence that it should. The third barrier is resources, in that 
change will require an inevitable shift of resources from some 
areas to others. These resources could be material or human, 
but will likely have a profound impact on the program(s) 
affected. The fourth barrier is the institutional politics, rep-
resenting the history of the organization, which can be the 
most difficult to affect. In particular, strategies that are at 
odds with the existing culture/history are most likely to fail 
as culture will likely trump any innovation given the oppor-
tunity [54, 55].

Strategies to overcome these barriers include: recognizing 
that not everyone will be converted immediately; searching 
for champions who are early adopters or who have a dispro-

Example

In the undergraduate IP curriculum, a novel, specific, 
validated IP attitude questionnaire and team perfor-
mance scale were used to evaluate the efficacy of the 
curriculum [22]. Feedback was disseminated inter-
nally to all professions and stakeholders and exter-
nally through peer-reviewed publications. The results 
support a relationship between IP SBE and learner 
behaviors and attitudes (level two of Kirkpatrick’s 
evaluation model). The ultimate goal will be to show 
a difference in patient outcomes (Kirkpatrick’s level 
four, or alternatively, T3 outcome). The benefits in 
terms of learner and patient must be weighed against 
the cost of delivering SBE. As a result, the IP curricu-
lum was found to be efficacious and feasible and has 
therefore been sustainable.
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portionate amount of influence on their peers and coworkers; 
celebrating the accomplishments of these champions within 
a program; redistributing resources to make these areas suc-
ceed, especially those requiring few resources but will result 
in significant change; ensuring that strategies try to honor 
the strengths of the existing culture; and measuring and 
monitoring the evolution of the cultural change. Measuring 
and monitoring any change is particularly important as most 
people will only shift their beliefs and attitude (i.e., change 
culture) after that change has led to results that matter. These 
individual (and organizational) shifts in beliefs and attitudes 
often take the longest to occur [54, 55]

Engaging Learners from Different Groups

Of all the learning groups participating in SBE, the earliest 
adopters (i.e., acceptors) of this teaching modality are learn-
ers in the formative part of their training: undergraduate stu-
dents from the various health professions and postgraduate 
residents and fellows from the medical disciplines. Although 
these learners may in fact have little choice in terms of their 
participation, as it is typically part of the formal curricula for 
their various training programs, they are also a generation of 
learners who are accustomed to learning in new and novel 
ways. There is an inherent understanding of the need to prac-
tice and rehearse before applying their craft on real patients. 
They have also been more exposed to the nonclinical expert 
roles of communication and IP collaboration than previous 
generations of health profession learners. With the growth 
of some level of SBE in most undergraduate institutions, 
the current generation of health professionals have already 
had some exposure to SBE in their formative training [56]. 
Based on their acceptance of this methodology, it is most 
likely they will seek out programs and institutions that have 
ongoing professional development using SBE. You might 
say we are currently in an intergenerational shift where the 
next generation of health professionals will be well versed 
and trained in, and accepting of, SBE, patient safety, and 
IP team training. Most simulation programs have had their 
most substantial growth through the development of learn-
ers in the formative part of their training. In order to meet 
the ongoing needs of these learners, there are several very 
important areas that must be adequately addressed to ensure 
that their acceptance of this teaching methodology remains 
strong and unwavering (Table 28.2).

One group of learners that have been more difficult to 
engage are those who are already practicing their profession 
in terms of continuing professional development, especially 
those considered to be in the senior years of their clinical 
practice. Combinations of factors are likely to be important 
barriers to participation in this group. These include the sig-
nificant difference in how this cohort was trained, the diffi-

culty in creating all the necessary cues for adequate realism 
for expert performers in the simulated learning environment, 
and their performance anxiety in front of a team of peers 
or junior colleagues [57]. Some of these barriers to partici-
pation are slowly eroding, thanks in large part to the inte-
gration of SBE into established courses, such as Pediatric 
Advanced Life Support, Neonatal Resuscitation Program, 
and Advanced Trauma Life Support, among others, and to 
improving SBE design and implementation. Useful strate-
gies to minimize participation anxiety include careful ori-
entation of learners to the simulation environment, allowing 
the learner group to know the scenario or topic area in ad-
vance of the simulation and allowing more senior clinicians 
to observe a scenario prior to their participation. Reluctance 
to participate is becoming less and less of an issue as SBE 
technology and techniques improve and this form of educa-
tion is utilized in more areas of continuing medical education 
and continuous professional development. In this way, the 
complete intergenerational acceptance of SBE as an accept-
ed, appreciated, and desired educational modality is likely to 
be further buoyed.

Building Capacity Through Faculty Engagement

As programs grow in terms of the various learning groups 
where SBE is being delivered, there is also the need for 
growth in the simulation preceptors and facilitators (the 
faculty) that will help deliver and debrief these educa-
tion sessions. Although formal faculty development will 
be addressed later in the chapter, there are some important 

Table 28.2  Tools for achieving the buy-in of learners
Objectives Actions
Start small and 
grow smartly

Incorporate SBE into scheduled teaching
Appropriate areas of established curricula
Orientation
Morning rounds/report
Academic half days
Slow clinical days
Involve other professionals

Be educationally 
sound

Curriculum planning
Needs assessment
Clear objectives
Match reasonable expectations to level of 
learners
Evaluations

Build reasonable 
scenarios

Keep learning as real as possible
Do not overlook common presentations and 
building/gauging fundamentals
Use reasonable atypical presentations of com-
mon scenarios
Use level-appropriate uncommon presentations
Include realistic multimedia (pictures, videos, 
labs, X-rays, ECGs, etc.)
Include appropriate and realistic confederates

SBE simulation-based education, ECGs electrocardiograms
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 considerations to consider when planning the establishment 
or expansion of a program. First, many teachers that come 
forward to become involved in SBE training are relatively 
junior in their career and have themselves been taught using 
SBE. The advantage of this group is that they are young, 
enthusiastic, and believe in SBE. The main disadvantage is 
their clinical inexperience and their ability to appropriately 
debrief and give feedback to more senior learners. It is par-
ticularly important that these facilitators receive formal de-
briefing training and are mentored by more established and 
experienced simulation educators or partnered with clini-
cally experienced staff to ensure a high level of content ex-
pertise. Second, an important barrier to faculty involvement 
is their availability and the potential for direct remuneration 
of teachers by the simulation program. Some programs are 
able to pay their faculty directly through either an opera-
tions budget or through money derived from philanthropy 
or other cost recovery methods. If financial remuneration is 
a barrier, consider finding champions in clinical areas who 
already hold a remunerated position within an organization, 
or at least make their involvement count towards some kind 
of currency (e.g., annual performance review, certificates of 
involvement, ongoing faculty development, etc.), including 
developing quid pro quo arrangements such as improved or 
free access to associated participants based on attendance of 
the faculty educator.

Finally, there are several logistical issues that act as bar-
riers to faculty participation. These can be addressed by the 
development of organized guides to demystify the simula-
tion equipment, opening access to existing faculty expertise 
and know-how by establishing “simulation solutions” drop-
in sessions, establishing program guidelines for the involve-
ment of at least two faculty members in each scenario and 
debriefing, and by incorporating an active mentorship and 
feedback program.

Getting Buy-in from Hospital Leadership

The final barrier to longevity and sustainability for most 
simulation programs is the ongoing buy-in and support from 
the administration of the institution responsible for the simu-
lation program. This buy-in has many forms, from simply 
allowing SBE to occur on the premises and advocating for 
staff and physicians to attend to establishing a formal bud-
get for the simulation program and staff, and everything in 
between. For those struggling to get administration buy-in 
for their SBE programs, there are several strategies that can 
be helpful. The first is that SBE is likely to be a significant 
recruitment and retention tool for staff, especially with the 
intergenerational shift in acceptance of SBE and its associ-
ated elements, including patient safety and IP collaboration. 
The second is to highlight the obvious advantages in terms 

of patient safety, provider confidence, increased efficiency, 
systems improvement, better team skills, and improved mo-
rale. The third, especially for those who do not have an ap-
preciation for what SBE really is, is to showcase the breadth 
and possibilities of SBE either through observing live simu-
lation in action or through planned demonstrations. These 
may include the invitation of a known simulation expert to 
provide objective expertise to leaders of the organization and 
highlight the merits of SBE over traditional forms of edu-
cation. This is especially helpful when linking SBE to im-
proved patient outcomes, increased system efficiencies, and 
improved IP morale. Finally, the last and most important tool 
to influence administrators is to show research and evalua-
tion of the aforementioned areas. This may include evalu-
ation of patient-based or T3 outcomes that show a differ-
ence on a local scale (e.g., repeated medication errors, times 
to intervention, adequacy and outfitting of clinical spaces, 
handover/communication problems, intravenous line confu-
sion, etc.) or involvement in larger collaborative research 
initiatives including multicenter studies, which will provide 
evidence for the efficiency, effectiveness, and integration of 
SBE on a more global scale.

Program Funding

Without an identified source of ongoing and sustainable 
funding, the development of some simulation programs is 
dependent on their ability to solicit funds via philanthropy. 
The ability to raise funds for the development of space, the 
purchase of equipment and even the funding of some ele-
ments of the program can be very effective in the area of 
SBE. Examples of philanthropic targets include hospital 
charities, companies or corporations with a local connec-
tion, and local community charities. Many of these organiza-
tions will place immediate value on the appeal of SBE and 
its effect on the health and welfare of the communities they 
are involved in. Some may already incorporate simulation-
based training or experiential learning practice in their own 
day-to-day activities. Keys to engaging philanthropic donors 
are to: (1) give frequent demonstrations using real provid-
ers that can speak to the advantages of simulation in their 
own clinical practice, (2) accumulate evidence of improved 
patient outcomes, testimonies, and success stories where 
simulation has made a tangible difference in the community, 
(3) describe the obvious advantages of simulation on pro-
vider confidence, better teamwork and communication, and 
more efficient and ultimately safer care, (4) demonstrate the 
effect of the program on recruitment and retention, and (5) 
highlight simulation as one of the potential solutions to the 
current crisis in health professional education, namely where 
all of our formative trainees are going to get adequate and 
reproducible clinical experience.
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Simulation Faculty Development

Faculty development refers to “all activities health profes-
sionals pursue to improve their knowledge, skills, and be-
haviors as teacher and educators, leaders and managers, and 
researchers and scholars, in both individual and group set-
tings” [58]. Faculty development programs improve educa-
tional practice, augment individual strengths, and facilitate 
positive cultural change within organizations [59–62]. Sys-
tematic reviews about faculty development in medical edu-
cation outline a spectrum of activities, including event-based 
sessions such as workshops, seminar series, courses or lon-
gitudinal programs such as fellowships as well as individual-
ized peer feedback in the context of work-based faculty men-
torship [60, 61]. Key features of faculty development activi-
ties include effective relationships that promote provision of 
peer feedback, diverse educational methods, and increasing 
participation in authentic teaching experiences with support 
of more expert colleagues [63]. These features are readily 
applicable to faculty development for SBE.

Defining Competencies for Simulation Educators

Recent trends have highlighted the professionalization of 
healthcare educators, with simulation being no exception. 
A useful set of professional standards for medical educators 
including core values and key general competency domains 
has been articulated by the Academy of Medical Educators 
in the UK, which is immediately applicable to simulation 
faculty development [64]. The competency framework in-
cludes: (a) designing and planning learning, (b) teaching and 
facilitating learning, (c) assessment of learning, (d) educa-
tional research and scholarship, and (e) educational manage-
ment and leadership. The US-based Society for Simulation 
in Healthcare (SSH) has formulated certification standards 
for simulation educators [65] that have some overlap with 
the UK Academy of Medical Educators, including key ele-
ments related to:
• Professional values and capabilities (e.g., integrity, moti-

vation, and leadership)
• Knowledge of educational principles, practice, and meth-

odology in simulation (e.g., designing simulation educa-
tion interventions, realism, simulation modalities, and 
feedback)

• Implementing, assessing, and managing simulation-
based educational interventions, including feedback and 
debriefing practices.

To become a certified healthcare simulation educator 
(CHSE), applicants in the USA must complete a knowledge-
based exam with over 80 % of items related to either (a) 
educating and assessing learners using simulation (52 %) or 

(b) demonstrating knowledge of simulation principles, prac-
tice, and methodology (34 %) [66]. In addition to the written 
exam, educators validate their proficiency in key domains 
through reference letters, a personal statement, and submis-
sion of their curriculum vitae. Through an additional portfo-
lio-based process, qualified CHSE may apply for advanced 
status as a sign of their ability to serve as mentors to others 
in the healthcare simulation field.

Creating Safe Learning Environments for Faculty 
Development

Formal faculty development events within a local program 
can promote a sense of community and a shared understand-
ing. A particularly important domain for simulation educators 
is how to establish a supportive yet challenging learning en-
vironment, which is essential to promote psychological safe-
ty to enable interpersonal risk taking [67, 68]. Threats to psy-
chological safety can undermine the learning process, which 
makes the ability to set the scene for the simulation learning 
activity and to facilitate a pre-briefing before the scenario 
foundational skills for all simulation educators [68]. A relat-
ed core principle surrounds issues dealing with realism; how 
simulation educators anticipate and deal with these issues is 
essential [69, 70]. See Table 28.3 for specific faculty devel-
opment strategies for helping educators create safe learning 
environments. Suggestions for how simulation programs can 
implement structured local faculty development activities to 
augment debriefing skills are outlined in Table 28.4 (general 
debriefing approaches and structure), Table 28.5 (promoting 
discussion), and Table 28.6 (identifying and exploring per-
formance gaps, preparing debriefing points).

Courses for Training Simulation Educators

While a full discussion of developing educational research-
ers and leaders is beyond the scope of this chapter, various 
courses designed by leading simulation programs around the 
world provide faculty development opportunities for simu-
lation educators in the form of 1–5-day course offerings. A 
common feature of these courses is that they cover many of 
the core concepts required to be an effective simulation edu-
cator, namely: (a) adult learning theory, (b) curriculum de-
sign and development, (c) instructional design for simulation 
activities, (d) scenario design and development, (e) team-
work and leadership principles, (f) evaluation and assess-
ment, and (g) debriefing. While many of these courses are 
offered by simulation programs geared at care of the adult 
patient, several highly regarded courses are also offered by 
pediatric simulation programs that offer a pediatric focus to 
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Table 28.3  High yield targets for faculty development in debriefing: pre-briefing and establishing a safe learning environment

Solicit feedback from learners via session evaluation forms
Include items about perceived psychological safety, that is, “I felt comfortable making mistakes and discussing them”—provides valuable 
programmatic feedback

Standardize the orientation process
Handout/orientation video for participants
Orientation checklist for educators
Checklist before the scenario starts (for educator team)

Participant and faculty introductions
Educator oriented to learning objectives and scenario
Equipment functioning and ready, including video recording as needed

Faculty development sessions
Journal club—read article and discuss

Establishing supportive yet challenging learning environments: read and discuss article
Rudolph, J. W., Raemer, D. B., & Simon, R. Establishing a Safe Container for Learning in Simulation: The Role of the Presimulation 
Briefing. Simul Healthc. 2014;9:339–49

Use of simulated participants—get everyone one on the same page and using the same terminology
Pascucci, R. C., Weinstock, P. H., O’Connor, B. E., Fancy, K. M., & Meyer, E. C. (2014). Integrating actors into a simulation program: a 
primer. Simul Healthc, 9(2), 120–126.

The role of realism
Rudolph, J, Simon R, Raemer D. Which reality matters? Questions on the path to high engagement in healthcare simulation. Simul 
Healthcare. Fall 2007

Table 28.4  High yield targets for faculty development in debriefing: general debriefing approach

Debriefing
General approach to debriefing

 Make this a priority, especially for novice debriefers—give your faculty feedback on structure
  Ensure that faculty are doing a reactions phase and giving trainees a chance to speak
  Ensure that faculty are giving trainees a chance to state take home messages

 Develop/modify a cognitive aid or debriefing script
   As a guide for developing a debriefing script, see Eppich WJ, Cheng A. Promoting Excellence And Reflective Learning in Simulation 
(PEARLS): Development and Rationale for a Blended Approach to Debriefing. Simul Healthcar. 2015 (in press)

 Faculty development session
  Journal club—read article and discuss

   DASH
     Simon, R., Raemer, D. B, & Rudolph, J. W. (2009). Debriefing assessment for simulation in healthcare: Rater Version. Available at: 

https://harvardmedsim.org/debriefing-assesment-simulation-healthcare.php
   OSAD

     Arora, S., Ahmed, M., Paige, J., Nestel, D., Runnacles, J., Hull, L.,… Sevdalis, N. Objective structured assessment of debriefing: 
 bringing science to the art of debriefing in surgery. Ann Surg, 2012;256:982–988

   3D model of debriefing
     Zigmont, JJ, Kappus, LJ, Sudikoff, SN. The 3D model of debriefing: defusing, discovering, deepening. Semin Perinatol, 2011; 

35:52–58
   PEARLS

     Eppich, WJ, Cheng A. Promoting Excellence And Reflective Learning in Simulation (PEARLS): Development and Rational for a 
Blended Approach to Debriefing. Simul Healthc. 2015 (in press)

  Mini-workshop on debriefing: simulated debriefings
    Have participants view a short video of simulation scenario. Assign roles from the video for participants to play during the simulated 

debriefing. May debrief alone or co-debrief in pairs. Explicitly practice the debriefing structure
   Observers may provide feedback to debriefers before workshop faculty

DASH debriefing assessment for simulation in healthcare, OSAD objective structured assessment of debriefing, PEARLS promoting excellence 
and reflective learning in simulation

http://harvardmedsim.org/debriefing-assesment-simulation-healthcare.php
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their simulation educator training. See Table 28.7 for a sam-
pling of simulation educator training courses.

Beyond the design and implementation of simulation sce-
narios, a great need exists in simulation programs for educa-
tors who are versed in debriefing methodologies appropriate 
for learning objectives (i.e., clinical decision-making, team 
behaviors, communication skills, and procedural skills). 
Various approaches exist and the simulation community is 

beginning to delineate which approach works best in which 
context. For example, feedback and debriefing integrated 
into deliberate practice and mastery learning models are well 
suited for resuscitation skills [71] and procedural skills train-
ing such as central venous catheter insertion [72]. Alterna-
tively, other approaches such as debriefing with good judg-
ment seem well suited for debriefing scenarios focused on 
clinical decision-making and team behaviors [73]. Providing 

Table 28.5  High yield targets for faculty development in debriefing: facilitating discussion

Promoting discussion
 Promote self-awareness

  Record a video of the debriefing and have educators review their own debriefing
   Helps educators see the effectiveness of their approach (e.g., use of questions, use of silence, nonverbal communication
   Have faculty complete the debriefing assessment tool (DASH or OSAD)

   Have more experienced simulation faculty observe more junior faculty during a debriefing of a routine session; tell the faculty member in 
advance what you are going to give feedback on
   Avoid giving too much feedback—be focused on a few key points
   Focus on strategies that emphasize an honest yet nonthreatening approach to debriefing

  Faculty development session
   Journal club (read article and discuss)

    McDonnell L, Jobe K, Dismukes R, Ames Research Center. Facilitating LOS debriefings: A training manual. 1997
     Classic article on facilitation techniques tailored to levels of participant engagement

     Rudolph JW, Simon R, Dufresne RL, Raemer DB. There’s no such thing as “nonjudgmental” debriefing: a theory and method for debrief-
ing with good judgment Simul Healthc. 2006;1:49–55
     Seminal article on a debriefing approach well suited for debriefing teams

     Kolbe M, Weiss M, Grote G, Knauth A, Dambach M, Spahn DR, et al. TeamGAINS: a tool for structured debriefings for simulation-based 
team trainings. BMJ Qual Saf. 2013;22:541–53
      Overview of advanced topics related to debriefing, such as guided team self-correction, systemic constructivist methods such as the 

use of circular questions
   Simulated debriefings (as above, focus on promoting discussion through verbal and nonverbal techniques)

DASH debriefing assessment for simulation in healthcare, OSAD objective structured assessment of debriefing

Table 28.6  High yield targets for faculty development in debriefing: identifying and exploring performance gaps

Identifying and exploring performance gaps; promoting good performance
 Make sure that faculty review the case objectives before the simulation starts (team huddle can be helpful here)
 Journal club (read article and discuss)

   Rudolph JW, Simon R, Raemer DB, Eppich WJ. Debriefing as formative assessment: closing performance gaps in medical education. 
Acad Emerg Med. 2008 Nov;15(11):1010–6
   Overview of debriefing as formative assessment and the concept of performance gaps to help guide the analysis phase of the debriefing

 Workshop on identifying performance gaps and prepare debriefing points
  Show a video of simulated performance
   Facilitate a discussion about the performance gaps (may use plus/delta, important to identify positive aspects of performance as well as 
those aspects that are in need of improvement)

  Facilitate a discussion that helps faculty group performance gaps by potential category (e.g., communication, leadership, etc.)
  Generate debriefing points
  Practice crafting opening questions for a particular topic

 Observe a debriefing during normal teaching and tell the faculty member in advance what you are going to give feedback on
  Avoid giving too much feedback—be focused on a few key points
  Focus on strategies that emphasize addressing gaps in performance as they relate to preestablished learning objectives

 Faculty development session
 Simulated debriefings (see above, focus on addressing specific performance issues)
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feedback and facilitating effective debriefings are core com-
petencies for simulation educators, discussed further in detail 
in Chap. 3. Developing and augmenting faculty debriefing 
expertise is a consistent faculty development need that can 
initially be met through participation in faculty development 
courses for simulation educators [74]. It can be particularly 
beneficial if multiple educators from a given program par-
ticipate in such courses, as this helps educator teams develop 
shared expectations and common skills.

Work-Based Mentored Faculty Development and 
Peer Feedback

After such courses, it can be helpful for simulation programs 
to pair more- and less-experienced simulation educators 
for routine teaching that promotes work-based faculty de-
velopment. In work-based mentored faculty development, 
less experienced educators engage in authentic teaching ac-
tivities with the support and guidance of more experienced 
educators, who can provide scaffolding while junior educa-
tors gain experience [63]. Role modeling can also play an 
important role [75], especially during co-debriefing [76]. A 
key component of work-based faculty development is peer 
feedback, which can come from various sources, includ-
ing peer simulation educators with demonstrated expertise 
[60, 77]. Peer observation of teaching with associated feed-

back in clinical settings has shown benefits [78–80]; similar 
strategies have the potential benefit of building a culture of 
feedback in simulation programs, where espoused values of 
giving and receiving feedback should be practiced by educa-
tors and learners alike. Of course, clear communication of 
expectations related to peer feedback in the context of work-
based faculty development is a critical success factor [78]. 
Using debriefing assessment tools such as the debriefing as-
sessment for simulation in healthcare (DASH) [81, 82] and 
objective structured assessment of debriefing (OSAD) [83] 
may provide the basis for a common language to facilitate 
peer feedback and coaching.

Fellowship Training in Pediatric Simulation

The incredible growth and integration of simulation into 
pediatric healthcare has spurned the need to train the next 
generation of pediatric simulation educators. To meet this 
growing demand, some pediatric simulation programs offer 
dedicated simulation fellowship training geared at providing 
a complete, immersive, and longitudinal training for highly 
motivated individuals seeking a career in pediatric SBE. 
These fellowship training programs typically range from 
6–12 months in duration, although some may be longer and 
paired with advanced degrees (e.g., Masters or Ph.D.) in spe-
cific areas of interest. While some simulation programs offer 

Table 28.7  Simulation educator training courses

Name of course Program/institution Website
Pediatric simulation educator training courses
ASSET course
  Foundations course
  Advanced (difficult) debriefing course
  Co-debriefing course

KidSIM Pediatric Simulation Program, 
Alberta Children’s Hospital

http://www.kidsim.ca

Simulation Instructor Workshop Boston Children’s Hospital Simulator 
Program

http://simpeds.org/course/pediatric-simula-
tion-multi-day-instructor-workshop/

Pediatric SET PAEDSIM e.V. (courses in German) http://www.paedsim.org/
Simulation Instructor Program CAPE, Lucile Packard Children’s Hospital http://cape.stanford.edu/programs/for-health-

care-instructors.html
Nuts and Bolts Faculty Training Days Kids Simulation Australia, Sydney Children’s 

Hospitals Network
 http://www.schn.health.nsw.gov.au/health-
professionals/work-and-learn/learn-with-us/
kids-simulation-australia

Other courses
SET course (English and French) Royal College of Physicians and Surgeons of 

Canada
http://www.royalcollege.ca/por-
tal/page/portal/rc/resources/ppi/
simulation_education_training_course

Comprehensive Instructor Workshop (English 
and Spanish)

Center for Medical Simulation, Boston/USA https://harvardmedsim.org/center-for-medical-
simulation-ims.php

Basic and advanced simulation educator 
courses (English, Dutch, French, and German)

EuSim http://www.eusim.org/home

iSIM Collaboration between WISER Center at the 
University of Pittsburgh and the University of 
Miami Gordon Center for Medical Education

http://www.isimcourse.com/

ASSET advanced skills for simulation educators and teachers, SET simulation educator training, CAPE Center for Advanced Pediatric and Perina-
tal Education, iSIM improving simulation instructional methods

http://www.kidsim.ca
http://simpeds.org/course/pediatric-simulation-multi-day-instructor-workshop/
http://simpeds.org/course/pediatric-simulation-multi-day-instructor-workshop/
http://www.paedsim.org/
http://cape.stanford.edu/programs/for-healthcare-instructors.html
http://cape.stanford.edu/programs/for-healthcare-instructors.html
http://www.schn.health.nsw.gov.au/health-professionals/work-and-learn/learn-with-us/kids-simulation-australia
http://www.schn.health.nsw.gov.au/health-professionals/work-and-learn/learn-with-us/kids-simulation-australia
http://www.schn.health.nsw.gov.au/health-professionals/work-and-learn/learn-with-us/kids-simulation-australia
http://www.royalcollege.ca/portal/page/portal/rc/resources/ppi/simulation_education_training_course
http://www.royalcollege.ca/portal/page/portal/rc/resources/ppi/simulation_education_training_course
http://www.royalcollege.ca/portal/page/portal/rc/resources/ppi/simulation_education_training_course
http://harvardmedsim.org/center-for-medical-simulation-ims.php
http://harvardmedsim.org/center-for-medical-simulation-ims.php
http://www.eusim.org/home
http://www.isimcourse.com/
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dedicated fellowship training with purely simulation-based 
educational and research opportunities, other programs offer 
the simulation training in conjunction with clinical work in a 
related field. Table 28.3 lists core content and key activities 
for a fellowship training program in simulation education 
and research. See Chap. 29 for a list of pediatric simulation 
fellowship programs.

Societies, Webinars, and Online Resources

Simulation societies and associations provide another venue 
for faculty development, both through their annual confer-
ences and online resources such as webinars. The Interna-
tional Pediatric Simulation Society offers frequent webinars 
featuring leading pediatric simulation educators, research-
ers, and innovators from around the world, while the SSH 
has an online learning library of webinars that can be pur-
chased for individual or institutional use. The Royal College 
of Physicians and Surgeons of Canada offers a series of free 
podcasts that serve as a primer for seeking to understand the 
key principles required to become a simulation educator. See 
Table 28.3 for examples of simulation and healthcare profes-
sions educations organizations that support development of 
simulation educators.

Conclusions

Effective programs of SBE lead to learning through invalu-
able insights into participants’ cognitive processes underpin-
ning observed behaviors and actions in the simulated learn-
ing environment. Successful SBE programs are designed to 
provide opportunities for tacit learning and attainment of new 
strategies and solutions to inform future curriculum and real-
world processes of care. The know-how and resource base 
required to enable effective simulation design and program 
delivery is fast becoming established in countries around the 
world, yet it may be argued that the true power of SBE to 
influence how we train tomorrow’s HCPs to deliver the care 
of the future is yet to be realized. SBE programs have the 
potential to help grow a smarter, more cohesive generation 
of HCPs to provide safer healthcare. Each new technology or 
medical innovation offering treatments for long established 
or previously unknown diseases offers the potential for in-
novative practice to be discovered and realized through SBE. 
Yet the cost, time, and additional effort required to effective-
ly plan, deliver, debrief, and reconstruct real-world care are 
not insubstantial and need always to be justified by system-
atic documentation of educational and meaningful patient-
based outcomes. In the future, carefully designed SBE has 
the capacity to cement its place as an essential element of 
any safe, efficient, and responsive healthcare system.
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Simulation Pearls 

1. Simulation-based research program development re-
quires: a good understanding of research methodology 
and issues specific to simulation-based research; estab-
lishing mission, vision, and short- and long-term goals; 
specific organizational structure which enables research 
administration and mentorship for the next generation of 
researchers; and ongoing assessment of the process and 
outcomes of each component of the research program.

2. An individual development plan (IDP) should be estab-
lished and followed regularly to ensure success for re-
search trainees and aligns with the mission and vision of 
the research program.

3. An assessment of the research program should take place 
regularly as a meeting which includes periodic reports of 
ongoing research projects, ensuring alignment with the 
program’s mission, vision, short- and long-term goals, 

abstract and manuscript submission and acceptance, and 
internal and extramural funding proposal submission and 
reception of awards.

Introduction

What Is Simulation Research?

The field of pediatric simulation has grown rapidly in the 
past decade. In general, simulation research is categorized 
into two types: studies that assess the efficacy of simulation 
as a training methodology and studies where simulation is 
used as an investigative methodology [1]. Research about 
simulation as a training methodology examines whether the 
specific features of simulation experiences add to overall 
educational effectiveness [1], and this has made simulation-
based education (SBE) standard in both healthcare provider 
curricula and for on-the-job training in many hospitals [2, 3]. 
Increasingly, decision-makers and stakeholders are request-
ing evidence that supports the use of simulation-based meth-
ods for improving learning and patient outcomes. Often the 
question is not “Does SBE improve performance?” but “Is 
SBE more effective and more efficient than conventional ed-
ucational methods?” Simulation-based research is, no doubt, 
necessary to answer this and other similarly important ques-
tions. Therefore, simulation-based research is one of the key 
factors in advancing the field of SBE in healthcare [4]. The 
current best practice in educational curriculum development 
emphasizes six steps (Table 29.1) to identify the problem 
and perform a comprehensive needs assessment to ensure 
appropriate allocation of educational and human resources, 
evaluate the impact of educational intervention, and there-
fore maximize return on investment from an administrative 
perspective [5, 6]. It is important to emphasize that each step 
of the curriculum development process requires assessment, 
evaluation, and specific feedback; therefore, they are natural 
targets for educational and simulation research.
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Research using simulation as an investigative methodol-
ogy leverages the standardization provided by simulation to 
answer diverse research questions on the performance-shap-
ing factors that otherwise could not be answered feasibly, 
safely, ethically, or in a timely fashion in clinical settings 
[1]. Performance-shaping factors enhance or degrade per-
formance and subsequently impact patient safety and qual-
ity of care. The standardization by simulation allows for a 
quantitative and qualitative measurement of those factors to 
improve safety and reduce errors in clinical medicine. Those 
performance-shaping factors include individuals, teams, 
work environment, technology, systems factors, and patient 
factors [1, 7].

The Current State of Simulation Research

A recent meta-analysis showed that the number of publica-
tions describing simulation-based interventions increased 
substantially after 2006 [8]. Regarding simulation research 
as an educational intervention, a meta-analysis for technolo-
gy-enhanced simulation (TES) in 2011 demonstrated moder-
ate to large effect size in knowledge, skills in the simulation 
environment, clinical behaviors, and clinical outcomes when 
compared to no intervention [8]. A meta-analysis for TES 
and pediatric education in 2014 reported that TES for pediat-
rics is associated with large favorable effects in comparison 
with no intervention [9]. However, the current literature does 
little to help identify the optimal method of delivering SBE 
for pediatrics because of a paucity of comparative studies.

SBE interventional studies should focus on the compara-
tive effectiveness frame: when, for what type of learners, 
in what context is the simulation-based intervention pref-
erable to other methods of intervention, as opposed to no 
intervention [9]. To delineate this process more clearly, the 
Sim-PICO model proposed for debriefing research [10] can 
be extrapolated and applied to simulation-based educational 
intervention studies in general (Table 29.2).

By contrast, simulation research as an investigative meth-
odology assesses the impact of individual/team factors, clini-
cal environment, and implementation of technology on clini-
cal performance under simulated standardized conditions. 
Here, simulation serves as an environment for research to 

evaluate factors affecting human and systems performance 
in healthcare. Examples include a study where simulation 
was used to identify latent safety threats (e.g., resources, 
equipment) in a new pediatric emergency department [11], 
a study which compared a video-laryngoscope versus tra-
ditional laryngoscopy in pediatric intubation success [12], 
and a study assessing whether or not a use of voice-activated 
decision support system was associated with increased com-
pliance with American Heart Association (AHA) guidelines 
[13].

Interpreting and conducting simulation research is an 
acquired skill. From an organizational perspective, a well-
established simulation research program plays a critical role 
to provide a research-focused environment and to support 
appropriate activities and training necessary to develop sim-
ulation researchers, staff, and trainees. In this chapter, we 
describe essential components and organizational structure 
to develop a sound simulation research program and discuss 
the importance of continuous assessment for maintaining a 
high-quality simulation research program.

Essential Components of a Simulation 
Research Program

A simulation research program is an essential component for 
simulation centers in academic institutions. In this section, 
we describe several of the essential components that are re-
quired to ensure success of a simulation research program.

Mission, Vision, and Goals

Each simulation center should have mission and vision state-
ments. The mission statement is the purpose of the existence 
of a simulation center. It serves as a guide for all of the cen-
ter’s decision-making. It should help staff and stakehold-
ers within the organization know what decisions and tasks 
best align with the mission of the simulation center. A vision 
statement might provide a direction for a simulation cen-
ter while also noting a commitment to quality of care and 

Table 29.1  Six-step curriculum development model [5]
Step 1 Problem identification and general needs assessment
Step 2 Needs assessment of targeted learners
Step 3 Goals and specific measureable objectives
Step 4 Educational strategies
Step 5 Implementation
Step 6 Evaluation and feedback

Table 29.2  Sim-PICO model as applied to simulation research [10]
WHO 
(subjects)

WHAT 
(methods/
content)

WHEN 
(timing)

WHERE 
(environment)

WHY(theory)

Sim: description of simulation experiment
P: population
I: intervention
C: comparator
O: outcome
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training for excellence, for example. In the context of the 
institution within which a simulation center exists, a simula-
tion research program should be aligned to the institution’s 
overarching mission, vision, and goals. Mission and vision 
statements specifically address the intent and functions of 
the simulation program including (1) impacting integrated 
system improvement, (2) enhancement of the performance 
of individual teams and organizations, and (3) creating a 
safer patient environment and improving outcome [14]. A 
simulation research program can be a vital component of a 
simulation center, helping to achieve its mission and specific 
goals based on the mission. Here are examples from two 
institutions.

The simulation center at The Children’s Hospital of Phila-
delphia developed their mission and vision statements as fol-
lows (from their intranet web site; personal communication 
with hospital administration, June 2015):

Mission Statement
“Advance the quality and safety of healthcare processes and 
systems for children through discovery, translation and im-
plementation of innovative high quality professional educa-
tion and pioneering research impacting individual, team and 
organizational outcomes.”

Vision Statement
“We will be the premier pediatric simulation training, educa-
tion and research center, influencing and promoting simula-
tion to improve healthcare quality and safety locally, nation-
ally and internationally.”

Johns Hopkins Medicine Simulation Center tied their 
mission and vision statement to the entire organizational 
mission statement (http://www.hopkinsmedicine.org/about/
mission.html).

Johns Hopkins Medicine’s mission statement (from their 
website) is: “To improve the health of the community and 
the world by setting the standard of excellence in medical 
education, research and clinical care. Diverse and inclusive, 
Johns Hopkins Medicine educates medical students, scien-
tists, healthcare professionals and the public; conducts bio-
medical research; and provides patient-centered medicine to 
prevent, diagnose and treat human illness.”

The Johns Hopkins Medicine Simulation Center has a vi-
sion statement for the broader program that aligns with that 
of the entire healthcare system and another that is specific 
to the Johns Hopkins Simulation Research Program, which 
again, flows directly from the larger organization’s mission 
(personal communication with Elizabeth A. Hunt, M.D., 
Ph.D., Director of Johns Hopkins Medicine Simulation Cen-
ter on June 19, 2015):

“To integrate individuals, environments, technology, ex-
perience, and expertise, using simulation theory and applica-

tion, in order to effectively support Johns Hopkins Medicine 
in achieving a tripartite mission of patient care, education, 
and research.”

The Johns Hopkins Medicine Simulation Center’s vision 
is:

“To be the leading-edge of interdisciplinary healthcare 
simulation research, while translating novel training meth-
ods and new scientific knowledge to the bedside, and sharing 
our discoveries to advance healthcare education and patient 
safety around the world.”

Focused Areas and Setting Objectives
Mission and vision statements provide overall direction 
and guidance for a simulation program or center as well as 
departments/programs housed within it (e.g., a research pro-
gram). Regardless of the degree to which mission and vision 
statements exist, research programs should strive to establish 
focused areas of research, for example, resuscitation, team 
training, technical skills in acute care, nontechnical skills. 
As these focused areas are formalized, development of short- 
and long-term objectives for each will help to guide progress 
more specifically (and purposefully) than at the mission/
vision level of organizational goal setting.

Example: Johns Hopkins Medicine Simulation Center: 
Resuscitation

The Johns Hopkins community is proud to be the 
birthplace of cardiopulmonary resuscitation (CPR). Kou-
wenhoven, Knickerbocker, and Jude published their first 
paper in the Journal of the American Medical Association 
(JAMA) on July 9, 1960 introducing chest compressions 
as a method to rescue victims of cardiac arrest [15]. They 
partnered with Peter Safar who was conducting research re-
sulting in rescue breathing at Baltimore City Hospital, now 
known as Johns Hopkins Bayview Hospital, to synthesize 
rescue breathing and chest compressions into modern CPR. 
Safar then partnered with Asmund Laerdal to develop the 
first simulator to teach CPR, that is, Resusci-Anne. They 
were honored to have Drs. Knickerbocker and Jude attend 
the official opening of the Johns Hopkins Simulation Cen-
ter and have defined the Simulation Center as a Center for 
Excellence in Resuscitation Education and Research. They 
have utilized a variety of simulation-based strategies to 
better understand the teamwork choreography associated 
with exquisite in-hospital CPR and ideal training intervals 
[16], to identify design flaws in current defibrillators [17], 
to study the impact of cognitive aids on team performance 
[18], and to develop novel training methods associated with 
improving resuscitation performance [19, 20]. They have 
also partnered with other pediatric simulation research pro-
grams to contribute to multicenter resuscitation-focused 
research studies [21,22]. A number of postdoctoral fellows 
and simulation research fellows have trained in the program 

http://www.hopkinsmedicine.org/about/mission.html
http://www.hopkinsmedicine.org/about/mission.html
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to develop a rich understanding of research methodology 
with a specific focus on advancing the science of resusci-
tation using simulation-based educational and translational 
research approaches.

The development of focused areas, along with short- and 
long-term goals (for each area), will help to ensure that re-
search programs build a body of work that is summative, as 
opposed to individual projects and studies that are unrelated. 
Research objectives will ideally be synergistic (or at least 
consistent and coherent) within a focused area; across fo-
cused areas, research methods may inform one another.

Mentorship in Simulation Research

Mentorship is a critical part of postdoctoral training [23]. 
Although trainees have primary responsibility for their 
careers, appropriate mentorship is an important component 
of their training. Each simulation research program should 
develop a research mentorship structure to enhance and 
support the research environment and strengthen the train-
ees. The research mentorship should address the following 
points:
• Supporting intellectual growth and development
• Supporting the development of simulation research skills 

for the trainee
• Leveraging the medical/scientific skills of the individual 

to develop unique or novel skill sets
• Increasing overall job satisfaction among trainees and 

mentors through natural synergies that foster (1) a pro-
ductive academic career in simulation research, (2) cul-
tivation of the trainees to become the next generation of 
research leaders, and (3) professional development and 
establishment of a productive, independent researcher

The overall goal of a research mentorship is to first develop 
healthy, successful individuals, guiding them on career paths 
which follow their personal goals, meet their departments’ 
missions, and utilize their strongest assets. Consequently, a 
simulation research program will strive to establish, devel-
op, and facilitate positive, enduring, and mutually beneficial 
mentor–trainee relationships. Appropriate mentorship struc-
ture is essential with clear mentor–trainee relationship and 
should ideally include documented educational goals and 
an individual development plan (IDP) [24], regular progress 
reports and meetings, and specific trainee roles such as orga-
nizing or presenting at a simulation research conference and 
simulation journal club.

Responsibilities of the Mentor
The mentor should serve as a source of facilitation, support-
ive guidance, supervision, constructive criticism, and evalu-
ation. In particular, they will:

1. Ensure that the trainees know what constitutes excellence 
in research in their field.

2. Formalize goals, objectives, and metrics of success with 
the trainee, and meet periodically to review progress and 
attainment of goals.

3. Provide feedback and encouragement on accomplish-
ments. Mentors should actively engage in helping the 
trainee succeed.

4. Be open and encouraging of evaluation by the trainee with 
particular attention to objective assessment of whether the 
mentor meets or exceeds expectations.

5. Identify opportunities for academic and career advance-
ment, collaboration, and personal growth.

Expectation of the Trainee
1. Be expected to participate in research design, implemen-

tation, analysis, and publication (manuscript writing, con-
ference poster/podium/workshop) of results.

2. Be expected to set objectives for training and identify op-
portunities to acquire the necessary knowledge and skills 
to meet the objectives.

3. Under the direction and guidance of a mentor (principle 
investigator), be a coinvestigator, assume responsibility 
for a specific, ongoing research project and the research 
group.

4. Seek out opportunities for personal growth, academic and 
career advancement, and collaboration.

Periodic Reviews and Meetings
Simulation research mentees and mentors should strongly 
consider the usage of a mentoring worksheet based on the 
IDP of each trainee. This mentoring worksheet can be started 
by trainees and completed during or after the monthly men-
torship meeting with trainees, mentors, educators, and ad-
ministrators (Fig. 29.1). The following are five areas of focus 
that may comprise monthly simulation research mentorship 
meetings:
• Research/creative activity—leadership in innovative 

research
 Simulation research development and progress, presen-

tations and publications, funding and grant support and 
application, copyrights and patents, editing, and peer 
review

• Self-development
 Faculty development activities, leadership programs, lan-

guage or presentation skill improvement, participation in 
professional academic associations or societies

• Networking
 Developing and expanding professional contacts and col-

laborators and utilizing additional mentors in specific 
areas of focus
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• Work/life balance
 Work as defined by the mentor and trainee and balance 

defined by the trainee but informed by the mentor’s expe-
rience and insight on strategies to achieve and pitfalls to 
avoid

• Teaching—excellence in education
 Student and/or resident teaching, student advising, con-

tinuous medical education (CME)/curriculum, teaching/
involvement, new course development, etc.

Mentorship Evaluation
The mentorship evaluation assesses the trainees’ experience 
during their mentorship. Specific questions are asked regard-
ing the fulfillment of initial mentorship agreement between a 
mentor and a trainee and evaluation regarding the effective-
ness of the mentorship. The results will be used to gauge 
the effectiveness of the research training program and the 
mentorship atmosphere at the simulation center. Through 
this process, the mentorship program should be revised 
and remodeled continuously. At the Children’s Hospital of 

Fig. 29.1  Example: Mentoring 
update worksheet used at The 
Children’s Hospital of Philadel-
phia. (Used with permission)
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 Philadelphia, this mentorship evaluation by trainees is re-
quired at least twice during the training period. The evalu-
ation form includes topics about intellectual growth and 
development, professional career development, skill devel-
opment, personal communication, severing as role model, 
mentorship program quality, partnership, personal growth, 
and relationship (Fig. 29.2).

Research Committee and Meetings
At many simulation programs, research conducted within 
the simulation center is overseen and reviewed by the re-
search committee, chaired by the research director. It is rec-
ommended that open research committee meetings are held 

at a minimum quarterly and are open to any investigator, 
faculty, or staff member interested in either presenting their 
research or in participation in the meeting. Regular simula-
tion research committee meetings are an essential activity for 
a vital simulation-based research program. At the meeting, 
each active research study is presented, reviewed, and the 
progress and productivity is monitored. Simulation research 
meetings should encourage novel, innovative and pioneer-
ing research through the use of simulation. These meetings 
can help to focus efforts toward translation and implementa-
tion of a research to improve simulation training, bedside 
training, and ultimately patient outcomes. Interprofessional, 
interdisciplinary, interdepartmental, and multi-institutional 

Fig. 29.2  Example: Mentorship 
evaluation form used at the Chil-
dren’s Hospital of Philadelphia. 
(Used with permission)
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research activities are highly valued because they may pro-
vide insight into the generalizability of the study findings. 
Lastly, the research director, administrative director, and re-
search program manager meet at least every other month to 
monitor productivity of the ongoing research.

Simulation Journal Club
Simulation journal club can be an effective venue to expose 
simulation educators, administrators, mentors, and trainees 
to emerging evidence in simulation-based research. The role 
of organizing a simulation journal club is a highly educa-
tional experience for simulation research trainees. Preparing 
the presentation for a journal club requires critical appraisal 
skills. Project and program management skills are developed 
as part of the organization of a journal club. These include 
scheduling, coordinating meeting space (both face-to-face 
and virtual), identifying and inviting guest presenters, fa-
cilitating discussion, disseminating the summary of lessons 
learned, documenting action items, and ensuring follow-up.

Critical Appraisal and Consideration for Inherent 
Biases
Critical appraisal is an established method to translate the 
results of medical research into clinical practice [25]. It is 
designed to help provide our patients with care that is based 
on the best evidence currently available (i.e., evidence-based 
medicine) [25]. This can be easily applied to simulation-
based research. Three essential questions are used to help 
facilitate discussion and critical appraisal of simulation stud-
ies (Table 29.3).

Research Administrative Structure Within a 
Simulation Center

A research program with solid infrastructure and proper 
resourcing is essential for a simulation center commit-
ted to conduct high-quality research. Typical positions that 
would ideally exist and contribute as standing members of 

a research program include research director, administrative 
assistant or director, research program manager, and research 
coordinator(s) (Table 29.4).

It is important to note that the administrative assistant/
director is responsible for daily administrative/operation-
based aspects of the research program. There may be a sepa-
rate medical director responsible for leadership related to 
the overall direction and operations of the simulation center, 
often functioning as a subject matter expert for curriculum 
development and a liaison to the overarching institution (i.e., 
school of medicine, hospital, health authority, etc.). These 
two roles are distinctive and usually independent of the role 
of the research director. Each of these roles may be part of 
the research program, and each have different responsibili-
ties within the context of a research program; however, for a 
research program’s overall success all three will have to work 
together synergistically (Fig. 29.3). This is because many 
simulation research projects are not stand-alone research 
projects, and funding sources often come from elsewhere; 

Table 29.3  Three essential questions in critical appraisal of medical 
literature [26]
Are the results of the study valid?
This question helps us evaluate the impact of systematic biases. All 
outcome measures are subject to systematic biases, and we need to 
evaluate the impact and direction of biases when interpreting each 
study. Dropout or lost follow-up is a challenge in simulation-based 
studies. Caution should be exercised especially when the dropout 
may be potentially related to learning at each learner’s level. Failure 
to capture interpretable data for outcome measures due to techno-
logical challenges is also a significant concern in simulation-based 
studies
What are the results?
This question helps us evaluate the impact (i.e., effect size) of the 
results and precision of outcome measures
Will the results help me in maximizing the learner’s educational 
experience?
Will this simulation-based intervention produce a similar edu-
cational impact in our environment? This question helps us 
consider study population, context, feasibility, and limitation in 
generalizability

Table 29.4  Function, role, and responsibility of the research committee
Function/role/responsibility

Research director Multifaceted position with responsibilities for development and oversight of medical simulation and simu-
lation research program in collaboration with the center leadership. The director will also help develop and 
implement the overall mission, vision, and strategy goals of the center and the institution

Administrative assistant/director  Responsible for day-to-day operations that may include clinical training, research, budgetary, and 
fundraising

Research program manager Expected to have sufficient authority, appropriate background, knowledge, training, and accountability to 
carry out all aspects of the project including assumption of fiscal responsibility and qualified under the 
eligibility guidelines

Research coordinator(s) Qualified and trained to perform the procedures as required in the protocol and will be oriented and trained 
on new protocols
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the administrative director needs to provide oversight for 
resource utilization and perspective on return on investment. 
Responsibilities of the research program typically include:
1. Review the merit of proposed simulation-based research 

projects and make suggestions regarding protocol amend-
ments to the initiating investigator

2. Ensure that research conducted is scientifically and ethi-
cally sound

3. Act as a resource for developing solutions for delayed 
progress

4. Monitor productivity of ongoing research
5. Promote, review, and assist the submission and presenta-

tion of research conducted at local, regional, national or 
international forums, and for peer-review publication

6. Act as a resource for promoting current status of projects, 
presentations, publications, and grants

7. Promote simulation training to improve process of care 
and outcomes of patients with the findings of simulation-
based research

8. Monitor of cross-contamination of participants to ongo-
ing multiple studies
Cross-contaminating subjects within an institution may 

become an issue when multiple simulation studies are ongo-
ing at single institutions. While some studies have different 
use of simulation, and co-enrollment is acceptable, others 
may utilize similar simulation-based educational interven-
tions, which will affect the impact of interventions either 
positively or negatively. In this situation, co-enrollment is 
not acceptable. Establishing short- and long-term goals helps 
to prioritize each project such that the possibility of recruit-
ing the same subjects is reduced. This concept is analogous to 
co-enrollment of the patient subjects in multiple researches.

Source of Funding (Internal, External)

Financial sustainability is one of the critical components for 
simulation research programs. A multidimensional strategy 
has been recommended to achieve a sustainable business 
model. This strategy includes (1) integration of required 
simulation-based training and accompanying research into 
the curricula, (2) the use of simulation for the ideal prac-
tice development and training, (3) the use of simulation for 
diagnosis of system issues, (4) the development of simu-

lation-based research to address national and international 
priorities, and (5) the development of simulators or related 
technologies [27].

Internal funding mainly consists of discipline- or 
clinicalentity-specific support. For example, in the Chil-
dren’s Hospital of Philadelphia, pediatric intensive care unit 
nurses are oriented with extensive simulation-integrated 
curriculum. All hospital employees receive a mandatory 
interprofessional safety training utilizing SBE. Also inter-
professional simulation-based training program in trauma 
resuscitation and neonatal resuscitation have been integrated 
into the training curriculum in both nursing and residency 
training. Multiple research projects related to those educa-
tional curriculums are being conducted. These tight integra-
tions of SBE in the curricula made the simulation center a 
strong candidate for internal funding.

External funding includes designated research awards, 
special purpose funds, and donations from philanthropic 
sources. These rely on more traditional extramural funding 
mechanisms. Table 29.5 provides some examples of grant 
funding sources for SBE [28]. Institutional division or de-
partments may also have administrative research support 
resources that can be leveraged to help identify requests for 
proposals that are well suited for simulation-based research.

Table 29.5  External funding resources [28]
NLN Research Grants
http://www.nln.org/research/grants.htm
The NLN research grants may be used to investigate any nursing 
education topic including simulation
US Department of Health and Human Services, HRSA
http://www.hrsa.gov/grants
HRSA funds research on a range of healthcare topics. Visit its site to 
find out about grant opportunities and how to apply
Robert Wood Johnson Foundation
http://www.rwjf.org/
The mission of the Robert Wood Johnson Foundation is to improve 
the health and healthcare of all Americans
Grants.Gov
http://www.grants.gov/
National Institutes of Health
http://grants.nih.gov/grants/oer.htm
NLN National League for Nursing, HRSA Health Resources and 
Services Administration

Research director Administrative director

Research program

Research coordinator Research coordinatorResearch Research coordinator

Fig. 29.3  Example of research 
program administrative structure 
within a simulation center
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Collaboration with Other Departments/Divisions

The research program should create and explore extensive 
but manageable collaborative simulation research projects 
with other departments and divisions within the university 
and/or hospital. Each department/division has the need to 
educate their providers and to evaluate their process of care 
in a standardized fashion. Through collaboration with simu-
lation research program, each department/division should be 
able to develop specific needs assessments, SBE, or simula-
tion as an investigative methodology to assess factors affect-
ing clinical care quality. For example, neonatal resuscitation 
program (NRP) is one of the standard methods for teaching 
neonatal resuscitation. The simulation research program can 
assist department of pediatrics, nursing, and respiratory de-
partment to collaboratively develop interprofessional SBE 
with technical and nontechnical skills assessment embedded 
as a pre- and post-evaluation to document training effective-
ness. Another example is a patient handoff simulation. Here 
environmental, provider, and clinical factors affecting the 
quality of patient handoffs are evaluated in a standardized 
simulated environment. A simulation research program can 
collaboratively develop a handoff tool or specific metrics to 
evaluate quality of handoff.

Multicenter Collaboration

Simulation research programs should encourage active 
participation in, and foster collaborative relationships 
with, research communities and networks external to the 
program. Multicenter simulation research can be labor in-
tensive, time consuming, and challenging, both logistically 
and administratively. However, the collaboration of many 
simulation research programs may be the only way to an-
swer many difficult clinical or educational questions with 
simulation-based research. Simulation research networks 
such as the International Network for Simulation-Based 
Pediatric Innovation, Research, and Education (INSPIRE) 
have been formed from a variety of disciplines and spe-
cialties looking to improve SBE research collaboration, 
mentorship, and productivity [29]. Another pediatric SBE 
research network, the Examining Pediatric Resuscitation 
Education Using Simulation and Scripting (EXPRESS) net-
work, reported that the use of a collaborative research por-
tal has enabled the collaborators to simplify and streamline 
the management of multicenter SBE research studies. In a 
single institution, there are significant obstacles to conduct-
ing high-quality simulation research, such as limited pool 
of potential subjects, generalizability, and funding [30,31]. 
Table 29.6 shows the benefits of research collaboration. 
Many of these benefits help to overcome the barriers to 
simulation-based research.

Simulation Fellowships

Several formal simulation research training programs (simu-
lation fellowships) have been developed (Table 29.7). From 
the simulation program’s perspective, fellowship programs 
are effective ways of attracting talented emerging educa-
tors and/or researchers to a program, an excellent way to 
ensure that new research projects and funding are continu-
ously being brought into the program, and an excellent way 
of establishing national and international recognition. From 
a learner perspective, a formal fellowship is an excellent way 
of gaining extra experience and expertise that would make 
them more marketable post training, either as a simulation 
educator or researcher. This includes the ability to write 
more sophisticated proposals for both internal and extramu-
ral grant programs. The training mentoring process should 
follow each component described in mentorship section. It is 
important to note that simulation fellowship is not currently 
recognized by Accreditation Council for Graduate Medical 
Education (ACGME).

Assessment of Simulation Research Programs

The quality assessment of the simulation research program 
is necessary for each program to be reflective, to iden-
tify strengths and weaknesses, and to identify areas for 

Table 29.6  The benefits of research collaboration [30]
Category Potential benefit
Recruitment Recruitment from multiple centers allows larger 

sample sizes
Generalizability Multicenter collaboration provides inclusion of 

various subject populations which expands the 
generalizability of studies

Funding Funding opportunities are more accessible when 
conducting multicenter studies involving experts 
with existing track records in research

Accessibility Access to the rich and diverse experience of 
other network members help protocol design and 
implementation

Communication Regular and planned communication within 
networks allows for groups to develop consen-
sus-derived, well-informed, timely, and relevant 
research agendas to guide network projects

Table 29.7  Institution list of several pediatric simulation fellowship 
programs
Alberta Children’s Hospital/University of Calgary (Canada)
Boston Children’s Hospital (USA)
The Children’s Hospital of Philadelphia (USA)
The Hospital for Sick Children (Canada)
The University of North Carolina (USA)
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 improvement. Research investigators or any personnel who 
participated in any stage of a research and had support from 
the simulation center should complete the assessment. Re-
search program quality assessments are to be distributed, 
reviewed, and discussed by members of the research com-
mittee on at least an annual basis. At the Children’s Hos-
pital of Philadelphia, eight essential elements are evaluated 
(Table 29.8).

Academic Productivity

Important and useful scholarship in health profession edu-
cation can be published or presented in many different 
ways. Table 29.9 lists common scholarly products [32], 
and Table 29.10 lists several journals that publish simula-
tion-based research. A simulation research program should 
consider the usage of flexible systems to track and moni-
tor research efforts (past, present, future) and any associated 
scholarly products. In the simulation research program at 
The Children’s Hospital of Philadelphia, this update is done 
monthly using Research Electronic Data Capture (REDCap; 
33]). This update is shared with educators, research trainees, 
and directors at simulation operation meetings regularly and 
can be a useful tool in grant writing, manuscript preparation, 
and Curriculum Vitae/resume management.

Fellowship Training Outcomes

It should be recognized that the simulation research trainee’s 
progress and training outcomes are one of the important 
components of the research program assessment. Measur-
able outcomes should be developed based on each trainee’s 
IDP.

Examples of the training outcomes include:
• Training evaluation by trainees
 This fellowship program is effective in

− gaining a clearer sense of the rigors and rewards of a 
career in simulation research,

− acquiring a better awareness of expectations for career 
advancement,

− developing rapport with other simulation members, 
and

− experiencing a shorter transition period from new 
investigation to mid-career and established research 
programs.

Table 29.8  Eight essential elements for evaluating research effectiveness and quality
1. Environment/climate Safe, healthy, and nurturing environment for all research and participants
2. Administration/organization Well-developed infrastructure and sound fiscal management to support and enhance worthwhile 

research activities for all researchers
3. Relationships Develops, nurtures, and maintains positive relationships and interaction among staff, researchers, 

and collaborators to support the program’s goal
4. Staffing/professionals Recruits, hires, and trains diverse staff and investigators who value each participant, understand 

their developmental needs, and work closely with administration, staff, researchers, and collab-
orative partners to achieve the program goal

5.  Administration/researcher/collaborative 
partnerships

Establish a strong partnership with research communities in order to achieve program goals

6. Program sustainability/growth A coherent vision/mission and a plan for increasing capacity that supplies continuing growth
7. Measuring outcomes/evaluation A system for measuring outcomes and using that information for ongoing program planning, 

improvement, and evaluation
8. Dissemination of information Ability to interpret study results and present them in a scientifically sound, unbiased and timely 

manner to the greater research community through local, regional, and international conferences 
and peer-reviewed publications

Table 29.9  Common scholarly products in health science education 
[32]
1. Journal article
2. Book chapter
3. Book or monograph
4. Edited book (collection of chapters)
5. Essay
6. Editorial or statement of opinion
7. Book (or media) review
8. Letter
9. Educational case report
10. Conference report
11. Educational materials
12. Reports of teaching practices
13. Curriculum description
14. Other publication formats (e.g., videos)
15. Simulations (e.g., practice experiences, virtual reality)
16. Simulators (e.g., task trainers, mannequins, computer programs)
17. Web-based tutorials
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• Academic productivity by trainees: manuscripts, publica-
tions, professional presentations nationally or internation-
ally, and grants (written, submitted, or funded).

• Performance of fellowship graduates
− that needs to be tracked and used as an assessment of 

the program.

Conclusions

Simulation-based research program development requires 
collective knowledge and deep understanding of both the 
strengths and challenges of simulation-based research. This 
includes the need for further expertise within education and 
clinical research, including psychometrics and qualitative 
approaches, clinical epidemiology, health services research 
and evaluation, and patient outcome research. A specific or-
ganizational structure is necessary that enables for appropri-
ate mentorship of trainees as well as quality administrative 
oversight. Ongoing assessment of the research program is 
an essential component to both ensure quality assurance and 
compliance with research rules and guidelines and allow 
the program to grow responsibly. This includes multicenter 
collaboration with established networks such as INSPIRE. 
Focusing the research program to align with the defined 
mission, vision, and goals; mentoring the next generation of 
simulation researchers; and measuring research productiv-
ity will all lead to a strong research program that ultimately 
increases the chance of making an important impact on child 
health.
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Simulation Pearls

1. To isolate the variable being studied—standardize as 
many other aspects of the protocol as possible (e.g., learn-
ers, simulators, scenarios, trainers, debriefing, environ-
ment, resources, etc.) to avoid confounders.

2. Choose validated outcome measures, like checklists, and 
when not available, consider doing more basic validation 
study first before larger trial.

3. Consider multiple sources of funding, such as nonprofit 
foundations, internal risk management division, multi-
center collaborations, or partnerships with public agen-
cies.

4. Make sure your study passes the who cares test. Avoid 
comparing simulation to no intervention or obviously 

inferior education. Ensure that subjects exposed to dif-
ferent interventions have a similar time on task and have 
educational equipoise.

Types of Simulation Research

The use of simulation as an educational methodology for 
pediatrics has been accompanied by the use of simulation-
based research (SBR) to answer clinically important ques-
tions related to the care of infants and children. SBR falls into 
two different categories. First, simulation can be used as an 
investigative methodology, or the environment for research, 
to study questions that relate to human factors, system fac-
tors, and new technology, amongst other things. Secondly, 
simulation can be the subject of a research study designed 
to evaluate the impact of a simulation-based educational in-
tervention. In this chapter, we discuss the two different types 
of simulation research, highlight the advantages and disad-
vantages of SBR, describe standardization strategies and 
outcomes for SBR, and suggest methods to obtain funding.

Simulation Used as Investigative Methodology

Research using simulation as an investigative methodology 
allows researchers to study research questions that otherwise 
could not be answered safely, ethically, or timely in clinical 
settings [1]. Simulation can be best leveraged as an investi-
gative methodology either to standardize the environment or 
as a standardized outcome measure.

Simulation as Standardized Environment
The simulated environment can be used as an experimental 
model to study factors affecting human and system perfor-
mances in healthcare. A simulated setting in a simulation 
lab may imitate clinical spaces, such as the resuscitation 
room, intensive care unit, or operating room. Alternatively, 
simulated resources (such as medications or equipment) can 
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be used to help standardize assessments in the clinical envi-
ronment (i.e., in situ simulation). A mannequin connected to 
a computer that controls its vital signs, physiological param-
eters, and physical findings can provide healthcare profes-
sionals with a realistic clinical experience.

Human Factors
Human interaction is a key element in the clinical pro-
cess and an essential contributor to accidents and errors 
in healthcare. Human factors can be assessed or described 
using simulation in a risk-free environment at both the indi-
vidual and team level. Most of the studies at the individual 
level have focused on fatigue, stress, and aging. In one study, 
simulation was used to compare sleep-deprived anesthesiol-
ogy residents with rested residents in order to evaluate the ef-
fect of sleep deprivation on psychomotor skill performance, 
mood, and sleepiness [2]. Simulation has also been used to 
study relationships between team processes and team perfor-
mance (e.g., leadership, communication, etc.). For example, 
simulation was utilized to address hierarchy-related errors 
in medical practice in pediatric intensive care and pediatric 
emergency departments [3]. Group conformity of behavior 
among medical students has also been studied with a knee 
arthrocentesis task trainer [4]. Most of the human factor re-
search using simulation reveals factors that degrade perfor-
mance. Built on these existing works, future studies could 
potentially look at a solution to these issues, including how 
to avoid group conformity or hierarchy-related errors.

Environment
Simulation can be applied to study the impact of the sur-
rounding environment on performance, such as loud noises 
causing interruption and distraction. The impact of distrac-
tions on simulated surgical performance has been demon-
strated with a simulated environment [5]. Furthermore, sim-
ulation can be brought to the real patient care environment, 
also known as in situ simulation. Investigators can then 
identify and correct latent safety threats (e.g., malfunction-
ing devices, locked resuscitation cart, excessive crowding) 
to prevent adverse events from occurring on real patients 
[6]. In situ simulation has also been used to test feasibility 
and refine processes before the opening of a new pediatric 
emergency department [7]. Future environment factor stud-
ies could consider exploring the optimal setting for work en-
vironments (e.g., resuscitation room, layout of equipment).

New Technologies
Simulation provides an ideal platform for comparative ef-
ficacy studies to assess behavior and performance with new 
technologies. For instance, in simulated scenarios depicting 
normal and difficult airways in infants, video laryngoscopy 
did not improve intubation performance by pediatric resi-

dents compared to standard laryngoscopy [8]. Sylvia et al. 
reported a similar comparison in pediatric and emergency 
medicine residents [9]. These studies involved new technol-
ogy (video laryngoscope) used to complete a life-saving pro-
cedure (intubation) done by relatively inexperienced health 
professionals (pediatric and emergency medicine residents). 
These critical procedures would be unethical and/or very dif-
ficult to conduct without the use of simulation.

System Factors
Discrete event simulation and computer models that include 
many interrelated complex systems have been used to predict 
what factors may affect system-level operations. A patient 
flow model (PFM) has been used in a pediatric emergency 
department to predict the impact of adding volunteers, tri-
age nurses, and/or extra physician shifts on patients’ waiting 
times before triage and time to be seen by a physician [10]. 
A similar technique has been used to compare two different 
triage approaches on patient wait times [11]. Beyond con-
ventional mannequin-based simulation (MBS), researchers 
are able to develop a computer model and/or use the exist-
ing model to answer research questions. With immediate 
results from simulated changes in the department, hospital 
administrators can readjust staffing and resources in the sys-
tem to achieve optimal outcome. However, the accuracy of 
the results depends on the quality of the model. Further, the 
process of model fitting could be time-consuming and need 
additional training and expertise.

Patient Factors
Simulation can be applied to explore performance gaps for 
uncommon patient conditions. Pediatric cardiac arrest is one 
such example. One study [12] demonstrated that nearly two 
thirds of pediatric residents failed to initiate timely chest 
compressions in a simulated pediatric cardiac arrest scenar-
io, and half of them failed to recognize pulseless ventricular 
tachycardia after 3 min. These studies were mostly descrip-
tive but very informative, effectively revealing the gaps in 
clinical knowledge and skills that would be less feasible and 
more costly to investigate with actual patients.

Simulation Used as a Standardized Outcome
It is not always ethical or feasible to measure the desired 
clinical outcome in an interventional study. Investigators 
have utilized simulation as a reasonable proxy outcome mea-
sure in numerous situations. A good example of this would 
be evaluating the quality of chest compressions. Although 
some studies have reported on quality of chest compressions 
on real patients, many studies are mannequin-based because 
the data on quality of cardiopulmonary resuscitation (CPR) 
can be captured on mannequins, cases can be standardized, 
and data can be collected in a timely fashion from multiple 
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participants. Mannequins are used to assess the metrics of 
CPR quality (e.g., depth, rate, residual learning, and chest 
compression fraction). For instance, the effectiveness of 
high-frequency, low-dose booster training on CPR skill re-
tention was studied on a CPR torso trainer along with an 
attached device with data collection capability [13]. Quite a 
few studies have also looked at the effect of using real-time 
feedback during training on CPR skill performance and re-
tention [14].

The categories mentioned earlier are not independent of 
each other, as human, environment, technology, and sys-
tems act together in healthcare. These interactions could be 
studied using simulation. For example, when examining the 
anesthesiology residents’ reaction to equipment failure [15], 
we could explore environmental factors (equipment failure), 
human factors (team performance, crisis resource manage-
ment), and system-level factors (equipment maintenance) 
simultaneously. Also, simulation could be used as both a 
standardized environment and for standardized outcomes. A 
recent multicenter study [16] has examined the effect of re-
al-time feedback (new technology) and just-in-time training 
(potential system policy or environment factor) on quality 
of chest compressions on a mannequin (proxy measures and 
standardized outcome) in a simulated pediatric cardiac arrest 
scenario (standardized environment).

Simulation as the Subject of a Research Study

Research assessing the efficacy of simulation as a training or 
assessment modality for pediatric healthcare providers has 
grown exponentially since the first study supporting the ef-
fectiveness of simulation in teaching procedural skills was 
published in the 1970s [17]. In the past 30 years, it has been 
well established that simulation-based education (SBE) is ef-
fective and complements the training of pediatric healthcare 
providers. A pediatric SBR meta-analysis mirrored a larger 
comprehensive review from all specialties, demonstrating 
that SBE is associated with large effect sizes compared to no 
intervention [18, 19]. The reviewers noted large impacts on 
knowledge, skills, and behaviors when simulation was com-
pared to no intervention. Few comparative studies with rig-
orous designs such as randomized trials have been conducted 
in pediatric SBR [18].

Many of the current SBR studies are repeating prior work 
and limited in scope to exploring the efficacy of SBE com-
pared to no intervention, to simple pre- and post- designs 
and to outcomes related to the participants’ satisfaction, 
knowledge, skills, and attitudes [20]. The current research 
must serve as a stepping-off point to guide rigorous work in 
novel areas of inquiry. SBR must transition from if SBE is 
effective in asking questions that address ways to optimize 

effectiveness and examine how, why, what, who, when, and 
where to utilize SBE.

How?
Pediatric SBR is now leveraging theoretical frameworks 
from other areas of inquiry such as instructional design, 
cognitive psychology, industrial engineering, organizational 
psychology, and human factors. Tools such as the Medical 
Education Research Study Quality Instrument describe the 
key elements of quality medical education research [21]. 
While this tool can be applied to SBR, there are other im-
portant elements that must be considered in reporting on this 
topic. These elements include a detailed description of the 
various elements of an intervention, including the type of 
simulator being used, the specific elements of the scenario 
program, the debriefing techniques that are used (i.e., plus-
delta vs. advocacy inquiry), the infrastructure (i.e., audio and 
video recording systems), and the human resources required 
(i.e., facilitators, technicians). Failure to describe or stan-
dardize these elements may influence educational outcomes. 
For example, failure to standardize simulator realism across 
recruitment sites in a multicenter study may be an issue, as a 
pediatric meta-analysis revealed that simulators with higher 
levels of physical realism had moderate effect sizes on out-
comes when compared with low physical realism simulators 
[18]. The consistent reporting of methodological elements 
will require the development of a framework or guidelines 
for reporting SBR. Standardized reporting will guide the de-
velopment of reproducible SBE interventions. While there 
is a growing body of literature describing best practices in 
SBE, continued rigorous inquiry is required. Some of the 
more common designs for SBE and the associated advan-
tages and disadvantages are highlighted in Table 30.1.

Why?
Research on SBE must be grounded in the larger context of 
health services education. The goal of health services edu-
cation is to transmit knowledge, impart skills, and embody 
the values of medicine that will improve health outcomes 
[22]. SBE is a technique that can be leveraged for healthcare 
practitioners to develop and maintain knowledge and skills 
that will transfer to the clinical environment and result in 
improvements in outcomes for patients. The pediatric SBR 
research connecting SBE to patient outcomes is limited and 
has largely been conducted in the areas of cardiopulmonary 
arrest, intubation, and procedural skills [23, 24, 25–28]. In 
particular, Andreatta’s work demonstrated improved hospi-
tal arrest survival by 50 % after cardiac arrest. The Ameri-
can Academy of Pediatrics’ Helping Babies Breath program 
demonstrated reduced neonatal mortality by up to 50 % 
[29]. In summary, SBE must be developed within the broad 
context of health services education and with continuous 
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reflection on the potential downstream impact on improving 
health outcomes in real patients.

What?
The features of effective SBE described by Cook and Issen-
berg support the following instructional design components: 
feedback/debriefing, repetitive and distributive practice, 
curriculum integration, range of difficulty, clinical variation, 
active and individualized learning, and design that involves 
multiple learning strategies [30, 31]. These components re-
quire comparative research to explore the impact of specific 
instructional design features when used for different learning 
objectives (i.e., psychomotor skills vs. team training), by dif-
ferent instructor groups, by different learner groups, and in 
different learning environments. Examples of comparative 
pediatric SBR studies examining instructional design fea-
tures are described in Table 30.2 [32].

When?
The integration of SBE into preexisting pediatric curricula 
can be challenging. Finding the time for SBE is difficult due 
to limitations in duty hours. For example, what will be elimi-
nated from an already full curriculum in order to make time 
for simulation? Comparative studies examining the effi-
ciency and effectiveness of simulation compared to existing 
pedagogical techniques will inform these decisions. Didactic 
sessions such as morning reports that have existed for many 
years could be transformed into SBE as the cornerstone of 
future training programs. Innovative techniques such as re-
gional boot camps  at the start of training can provide for a 
common starting point for all trainees as they enter a pro-

gram. Ongoing training should be individualized to learn-
ers’ needs based on their clinical exposure and experience. 
For example, if a trainee is doing a clinical rotation in the 
summer, they may need simulation for bronchiolitis as it is a 
seasonal illness. SBR must explore questions related to the 
optimal frequency and duration of training required for the 
acquisition of sufficient knowledge, skills, and attitudes for 
healthcare providers to safely and effectively care for pa-
tients. This type of work has the potential to improve the ef-
ficiency and effectiveness of training that is customized and 
adaptive to each individual’s clinical experience and career 
development arc.

Table 30.2  Pediatric simulation-based research (SBR) examining 
instructional design elements
Instructional design 
feature

Example of a comparative study

Curricular integration Comparing simulation-based procedural 
training occurring within the clinical work-
place during an ED rotation to training 
occurring in a simulation center outside of 
the ED rotation

Distributed practice Comparing a single day of simulation for 
8 h to eight 1-h sessions distributed over 
time

Feedback Comparing scripted to non-scripted 
debriefing for teamwork and leadership 
skills

Repetitive practice Comparing repeating a specific simulation 
case multiple times in a single session to a 
single occurrence with a longer debriefing

ED emergency department

Table 30.1  Common study designs
Design Notation Advantage Disadvantage
Single group, posttest only 
(descriptive)

X–O Simple, economical, can be used 
to document process (i.e., program 
development), can elicit suggestion 
for improvement (pilot study)

Effect may be result of natural maturation. Result 
may be due to factors other than intervention

Single group, pretest–posttest 
(before–after comparison)

O1–X–O2 Simple, economic, can demonstrate 
changes with intervention

Effect may be result of natural maturation. Bias 
due to confounding, temporal effect, or Hawthorne 
effecta

Pretest–posttest with control 
group (quasi-experimental)

E: O1–X–O2
C: O1–N–O2

Control for temporal effect and 
known factors that might affect the 
outcome

Relatively complex and resource-intensive, poten-
tial selection bias, unable to control unintentional 
confounders

Posttest only with control 
group and randomization 
(true experimental)

E: X–O
R
O: N–O

Control for potential confounding 
(intentional or unintentional), less 
resource-intensive than pretest–
posttest design, but preserving the 
benefits of randomization

Complex and resource-intensive, unable to dem-
onstrate changes in learners, unable to demonstrate 
equivalence in two groups at baseline

Pretest–posttest with control 
and randomization (true 
experimental)

E: O1–X–O2
R
C: O1–N–O2

Control for potential confounding, 
most strict design

Most complex and resource-intensive

X intervention of interest, O observation/measurement, E experimental/intervention group, C control group, N no intervention or comparative 
intervention, R randomization
a Modification of participant behavior due to awareness of being observed
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Where?
The majority of SBR projects have been conducted in the 
controlled environment of a simulation lab or center. A num-
ber of investigators are beginning to explore how to best 
adapt the setting to better mirror the clinical environment. 
A growing number of projects are being conducted in situ 
(at the point of clinical care). While this maximizes the re-
alism of the environment, it has also raised some concerns 
about the potential impact on real patients and the psycho-
logical safety of the participants [33]. SBR must examine the 
pros and cons to the learners, patients, and the health system 
of each of these environments. For example, a study could 
compare simulations in a simulation center to an in situ en-
vironment for CPR skills training. A novice medical student 
would likely benefit from the opportunity for repetitive de-
liberate practice of CPR skills in a simulation center while an 
experienced fellow would require greater contextual fidelity 
of performing this skill in the clinical environment for maxi-
mal effect. Future work could also examine the use of virtual 
environments and computer-based solutions that allow for 
SBE at home on a tablet or smartphone. The environment 
should be matched to the specific goals and objectives of the 
program in order to maximize learning.

Who?
SBE involves the interaction of participants, instructors, and 
simulators. The majority of SBE focuses on undergraduate 
and postgraduate trainees; however, little is known about the 
application of SBE for continuing healthcare education. Fur-
thermore, the current literature falls short in describing how 
differences in training backgrounds and levels of experience 
impact learning outcomes from SBE. The researcher can ap-
proach topics from the lens of each of these individually or 
in combination. For example, if we want to compare two dif-
ferent types of simulators, we would do our best to control 
for the trainee and instructor characteristics. In contrast, in 
order to research debriefing techniques, we might vary the 
trainee and instructor interactions while keeping the simula-
tion/simulator constant. Research must examine the demo-
graphic characteristics and experiences of the participants 
and instructors in order to maximize the impact of SBE for 
the various different types of participants and instructors.

Advantages and Disadvantages of SBR

One may ask: “Why should I conduct SBR?” The answer 
to this question lies in the understanding of the advantages 
and disadvantages of SBR, particularly when compared to 
clinical research. In this section, we highlight the main ad-
vantages of SBR and describe some of the disadvantages as-

sociated with SBR that may limit its applicability in certain 
contexts.

Advantages of SBR

To date, most of the SBR conducted in pediatrics has been 
in the context of assessing MBS as an educational interven-
tion [18]. Using MBS allows the researcher to standardize 
selected aspects of the clinical research environment, which 
is often difficult to achieve in multicenter clinical trials. For 
example, a clinical trial assessing the performance of chest 
compressions in various pediatric intensive care units across 
North America may be subject to various confounders, such 
as mattress type and compressibility, type of defibrillator 
and/or monitors, availability and location of resuscitation 
drugs, among many others. A similar study done using simu-
lation could easily control for some or all of these factors, 
thus helping to eliminate them as potential confounders.

In clinical research, studies are often reliant upon specific 
patient types (e.g., age, clinical presentation) to meet criteria 
for enrollment. This makes clinical studies difficult to con-
duct with rare conditions. SBR allows the researcher to cre-
ate the specific type of patient (e.g., cardiac arrest), and tailor 
the age, clinical status, and other characteristics to the needs 
of the study [32]. Doing so ensures consistent and uniform 
exposure to all healthcare providers recruited to participate 
in the study. Furthermore, simulated patients can be provided 
on an on-demand basis, while clinical studies are often at the 
mercy of a rare presentation (e.g., cardiac arrest) or seasonal 
variation (e.g., bronchiolitis in the winter), or other variables 
that influence clinical presentations.

By standardizing the simulated clinical environment for 
research, the research team can carefully account for all of 
the potential confounding variables, such as clinical diagno-
sis, clinical progression, equipment, confederate actors, etc. 
[34]. This also provides researchers the chance to build in 
aspects of care unique to pediatrics, including the presence 
of family members and/or alternate caregivers, the age and 
size of the patient, and the variable sizes of equipment [32]. 
Perhaps the biggest difference between clinical research and 
SBR is that with most clinical research, the subjects are pa-
tients, while with SBR, the subjects are typically healthcare 
providers. As such, a major advantage of SBR is that recruit-
ment of individuals and/or teams of healthcare professionals 
is typically more predictable and reliable than real patients. 
Furthermore, recruitment for clinical research can be inhib-
ited by the challenges of obtaining consent in the context 
of clinical care, while obtaining consent from healthcare 
providers is potentially less complicated. Finally, there is no 
risk for patient harm in SBR, which cannot be said for many 
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clinical studies [32]. Table 30.3 compares and contrasts SBR 
with clinical research studies.

Disadvantages of SBR

SBR is not without its downsides or limitations. The simu-
lated clinical environment often suffers from a lack of au-
thenticity or realism, which may adversely influence specific 
behaviors of research subjects [32]. Although simulated pa-
tients can be provided on-demand, they lack the physiologic 
variability and responsiveness of real patients. In SBR, the 
physiological responses in the simulated patient are con-
trolled by the operator, which may or may not accurately 
represent how a real patient may respond. This makes it hard 
or impossible to do certain types of research in the simu-
lated environment (i.e., effect of a drug on patient outcome). 
Lastly, the conduct of SBR requires an investment in simula-
tion-specific resources and expertise (in addition to research 
expertise), which may be prohibitive in some institutions 
(Table 30.3).

Standardization Strategies for SBR

Careful attention to the standardization of the SBR environ-
ment allows the researcher to isolate the independent vari-
able and reduce simulation-specific confounding variables 
that are threats to the internal validity of the study. In a re-

cent review article, these threats are described in detail and 
strategies are offered to mitigate each of these threats [32]. 
Controlling these confounding variables is particularly criti-
cal for multicenter studies, where site-specific variability 
can potentially have a negative impact on outcomes. The key 
variables to consider in SBR are: simulator selection, scenar-
io design, standardized patients (SP)/actors, and debriefing.

Simulator Selection
The type of simulator used for SBR should be carefully se-
lected to ensure that the physical attributes (i.e., physical 
realism) provide sufficient functionality required for the 
study. As there is a diverse selection of pediatric simula-
tors, all of which have varying degrees of functionality, the 
researcher should carefully review and select the simulator 
with the most appropriate features. One example would be a 
study where the primary outcome is the ability to properly 
bag–mask–ventilate a hypoventilating patient; the researcher 
should select a mannequin that allows for this task to be ob-
served and performed in the most realistic manner. If simula-
tion realism and functionality is not carefully considered, the 
simulator choice may become a confounding variable that 
adversely influences the outcome of the study [32].

Scenario Design
Studies utilizing simulated clinical scenarios as the context 
for research should ensure that the simulated scenarios are 
designed and delivered in a consistent fashion. Effective 
strategies to ensure scenario standardization include: (a) 

Table 30.3  Characteristics of simulation-based versus clinical research studies
Research characteristic Simulation-based research Clinical research
Standardization of research 
environment

Capability to standardize all aspects of the clinical 
research environment

Very challenging to standardize all aspects of clinical 
research environment, particularly for multicenter 
studies

Patient selection Patient/clinical case can be offered on demand and 
when required

Patient/clinical cases are recruited based on presenta-
tion and are at the mercy of seasonal variation

Subjects Typically healthcare providers (and not patients) Variable, but may be patients, healthcare providers, 
family members, etc.

Risk for patient harm No risk for patient harm Potential risk for patient harm
Recruitment Simulators as proxy patients easy to schedule

Recruiting healthcare providers dependent upon 
provider schedules and availability

Recruiting patients reliant upon multiple variables that 
are typically not under control of researcher
Recruiting healthcare providers dependent upon 
provider schedules and availability plus competing 
clinical demands

Authenticity Simulated environment not completely authentic, 
which may influence subject behavior(s)

Clinical environment is always 100 % authentic (with 
exception of Hawthornea effect)

Physiological responsiveness Physiological responses are either controlled by 
operator, or property of simulator (chest recoil) or 
programming (e.g., virtual reality algorithm)

Physiological response are real but may not always be 
measurable

Resources and expertise Simulation resources and expertise required Research expertise required
a Modification of participant behavior due to awareness of being observed
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limit the duration of the scenario; (b) set transitions in clini-
cal status at predetermined time intervals (i.e., independent 
of provider management); (c) set transitions in clinical status 
dependent upon provider management; and (d) detailed sce-
nario scripts with pilot testing to detect potential issues [32].

Standardized Patients (SPs)
SPs are often used to help engage subjects and enhance the 
emotional realism of the simulated clinical encounter. When 
used as part of a research study, SP behaviors should be care-
fully scripted and controlled to prevent them from being 
confounding variables for the outcome of interest. Several 
potential ways to standardize SP behaviors include: (a) 
scripting of SP behaviors at all time points in the simulated 
clinical scenario; (b) providing SP training prior to initiation 
of the study; (c) pilot testing scenarios to ensure SP compli-
ance with pre-scripted roles; and (d) cue cards to help SPs 
adhere to their roles [32].

Debriefing
Debriefing is a critical component of SBE and frequently a 
part of simulation-based educational interventions that are 
the subject of research [31, 35]. In a review of the debrief-
ing literature, the key features of debriefing are described 
as the 5 Ws of debriefing research: Who (debriefer charac-
teristics), What (content and methods of debriefing), When 
(timing), Where (environment), and Why (theory) [36]. This 
was expanded in a recent review article that suggested de-
scriptive components for each of these features that should 
be described in all simulation studies incorporating debrief-
ing [35]. For example, if video is being used as an adjunct to 
debriefing, it should be used in the same manner (e.g., crite-
ria for video clip selection, duration of video clips, number 
of video clips, etc.). This is particularly crucial if the study 
is assessing the impact of one element of debriefing (i.e., a 
study comparing different methods of debriefing).

Choosing Outcome Measures

Like any protocol, outcome measures in SBR are determined 
by the research question being asked. First and foremost, out-
come measures should be credibly connected to the interven-
tion in a causal relationship. In addition, they must be per-
tinent to whatever is being studied, or else the findings will 
not be considered relevant. Finally, attention must be paid to 
how measurable the outcomes are, both in terms of precision 
and reliability [32]. In general, the outcome measures differ 
depending on whether simulation is the subject of research 
or method of research. And in certain cases, simulation tech-
nology may even serve as the outcome measure itself.

Outcome Measures with Simulation as the 
Subject of Research

When studying the efficacy of simulation as an education-
al strategy, it is useful to apply Kirkpatrick’s learning and 
training evaluation theory. Originally published in 1959, 
Kirkpatrick describes four levels of rigor in evaluating the 
success of a training or educational intervention [37]. Each 
level is typically more complex than the last in terms of re-
sources needed to conduct the assessment, but the quality 
of the outcome is also considered more robust evidence of 
the success of an intervention. The most basic level mea-
sures the reactions and attitudes of learners and may include 
outcome measures such as satisfaction with an intervention 
or self-confidence. The second level measures learning, and 
usually involves testing knowledge before and after the in-
tervention. Adding measures of knowledge retention or even 
learning curves can give a more realistic sense of how the 
intervention is impacting learners’ knowledge [38, 39]. The 
third level of evaluation measures the learners’ behaviors, 
looking for a sustained application of the knowledge or skill 
attained in the work environment. The final and most robust 
level of evidence is to measure actual results or clinical out-
comes that occur due to an educational intervention. Kalet 
et al. point out the challenges in capturing the true impact of 
education including time lag, multiple confounding clinical 
variables, patient activation, and the naturally nested nature 
of subjects within academic hierarchies of supervision. To 
this point, the authors advocate selecting outcomes in lon-
gitudinal educational research that are educational sensitive 
and can be plausibly linked more directly to the intervention 
[40]. Transfer of clinical procedural skills from simulation 
training intervention is a good example of an outcome that 
is educationally sensitive, in that it has a good chronologic 
relationship to the intervention, is biologically plausible, and 
can be easily reproduced [41].

At every level of evaluation, there are different tools and 
methods one can use to evaluate the success of an interven-
tion (see Table 30.4). Generally, these methods can be cat-
egorized in three main themes: (1) simulation technology as 
an outcome measurement tool, (2) observational checklists, 
and (3) clinical translational outcomes [32].

Simulation Technology as Outcome Measurement 
Tool
Technology-enhanced education often comes with an added 
bonus that simulators, virtual games, and other gadgets often 
give instructors the option to record and analyze learner 
performance metrics. The majority of pediatric simula-
tors are able to record actions of participants alongside the 
physiologic state of the simulator. This gives investigators 
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the ability to test hypotheses about interventions that might 
impact any of the outcomes that can be recorded, such as 
the performance of airway maneuvers or chest compression 
accuracy. The simulated setting can also serve to study the 
impact of an intervention on timeliness of skill performance 
[42–44].

The reliability of measurements and calculations made 
by computers or simulators may seem good, but if not dis-
closed by a manufacturer’s research and development sec-
tion, investigators may wish to conduct small pilot trials to 
validate measurements being used as a primary outcome. For 
example, the accuracy of compression depth as a metric var-
ies greatly depending on the technology and manufacturer of 
the product being used to record this outcome. Furthermore, 
little is known about the predictive validity of measurements 
in the simulated environment and whether such proxy mea-
sures truly reflect the real world constructs they aim to re-
place.

Observational Checklists
Observational checklists are often used to represent concepts 
or constructs that are otherwise difficult to capture with a 
biologic or other more concrete measurement. Such check-

lists are especially common in human factors research to as-
sess behavioral performance [34]. Another common place 
for using checklists is to assess clinical or procedural skills. 
If validated instruments do not already exist for the behav-
ior, skill, or construct that is the subject of study, researchers 
should take a systematic approach to developing checklists 
in order to ensure their internal and external validity and reli-
ability [45, 46].

Some observational checklists are designed to be used in 
the live setting, while others are specifically meant for use 
with video review. There is no perfect checklist, and select-
ing or designing a checklist is heavily reliant upon the spe-
cific objectives of a study. Chapter 7 provides a detailed list 
of pediatric assessment tools for use in the simulated and/or 
real clinical environment.

Clinical Translational Outcomes
Clinical outcomes are not always feasible or even possible 
in educational research. However, the most meaningful out-
come to measure is the impact of an intervention on actual 
patients. Oftentimes, such studies are possible but unrealis-
tic due to the size, cost, or time of conducting them. Less 
than 2 % of all published simulation studies involve a  clinical 

Table 30.4  Outcome measurement examples by Kirkpatrick type
Level Type Description Examples of evaluation 

tools and methods
Resource utilization A sample of examples in the 

literature
1 Reaction Measures how par-

ticipants feel about the 
intervention or learn-
ing experience

Satisfaction survey (Likert 
scales)
Qualitative interviews or 
focus groups

Quick, easy, and inex-
pensive to create, collect, 
and analyze

Twelve mock codes were conducted 
at a new facility to test the system 
and gain familiarity with the space. 
Sixty-nine percent of the partici-
pants reported that the training was 
beneficial [60]

2 Learning Measures changes in 
knowledge, skills, or 
attitudes

Knowledge test (MCQ)
Skills assessment checklists
Self-efficacy scores (Likert)

Quick, easy, and 
inexpensive to create, 
but depending on the 
construct is more chal-
lenging/expensive/timely 
to validate

Three NRP simulations followed by 
a facilitated debriefing was associ-
ated with improvements in NRP per-
formance (pretest 82.5 % vs. posttest 
92.5 %, mean difference 10 % [95 % 
CI, 1.5–18.5]) [38]

3 Behavior Measures application 
of learning in practice

Observed behavior in 
simulated setting as proxy
Clinical behaviors as 
measured by
-Observation
-Chart review
-Checklists
-Self
-Patient
-Peers

Simulation checklist 
require validation studies
Clinical studies complex, 
often require large num-
bers, etc.

In a comparison of instructor-
modeled learning to self-directed 
learning during a clinical simulated 
experience, individuals demonstrated 
improvement using the Behavioral 
Assessment Tool [61]

4 Results Measures impact of 
learning in clinical 
environment and/or 
actual patients

Clinical outcomes measured 
by usual processes:
-Observation
-Chart review
-Interviews

Requires coordination/
cooperation of clinical 
administrators. (more 
expensive and complex)

A simulation-based mastery learning 
program increased residents’ skills 
in simulated central venous catheter 
insertion and decreased complica-
tions related to central venous 
catheter insertions in actual patient 
care [62]

MCQ multiple choice questions, NRP Neonatal Resuscitation Program, CI confidence interval
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outcome [47]. Aside from funding, one of the challenges to 
showing a statistical difference in clinical outcomes often 
relates to having enough of a sample size. Multicenter re-
search networks have evolved, in part to work together to 
achieve adequate sample size to conduct patient-oriented 
outcome studies, in addition to improving external validity 
[48].

Outcome Measures with Simulation as the 
Method of Research

When simulation is being used as the method of research, 
the outcome measures will depend upon what is being stud-
ied. For example, a simulated environment was used as the 
laboratory for a comparative efficacy study of glidescope 
in the procedure of direct laryngoscopy [49]. In this case, 
time to intubation was used as the outcome measure on three 
different-sized pediatric simulators revealing faster times 
with direct laryngoscopy on child and neonatal airways, but 
no difference for infant size. Researchers interested in ex-
ploring elements of human factors or environmental design 
may similarly use the simulated environment to test theories 
using validated instruments as outcome measures [4]. Prima-
ry outcomes when simulation is used as a method of research 
are similar to those in any other research setting and limited 
only by the creativity of the researcher.

Funding Opportunities Within Simulation

SBR often has a large, up-front equipment or development 
cost, without which research cannot be performed. Having 
prior access to simulators helps, but existing equipment or 
software may not be appropriate or sufficient depending on 
research goals. Funding is required for larger-scale or more 
resource-intensive studies, particularly those that extend to 
a multicenter network. Funding agencies generally use two 
principles when deciding to provide monetary support for 
research.

Responsible Research and Innovation (RRI)

RRI is a concept applied to innovative technologies, first de-
scribed for future technologies such as robotics, artificial in-
telligence, and virtual reality [50, 51]. Embracing RRI means 
that discoveries on new technologies should be responsive to 
societal needs and improve society as a whole [50]. Funding 
agencies that use this principle fund SBR based on its po-
tential for an innovative product, particularly with potential 
for the product to directly improve the well-being of society.

Broad Impact

Broad impact is the concept that research should attempt to 
improve disadvantaged groups and create sustainability for 
science within the community [50]. Foundations that iden-
tify disadvantaged communities and children use this prin-
ciple for funding. Helping Babies Breathe is an example of 
a SBR principled on broad impact [52]. This is a program 
using low-cost mannequins simulating neonates as a train-
ing tool for basic neonatal resuscitation following delivery in 
resource-limited settings. A low-cost model with reasonable 
anatomic representation of a baby’s nasal and oral airway 
was essential to ensure broad applicability and generalizabil-
ity in resource-limited countries.

Funding for Simulation as Method

When simulation is used to discover provider-, patient-, or 
system-level problems and innovations, there is more inter-
est in further discovering and diagnosing safety concerns that 
could threaten health or healthcare and, more importantly, 
how to solve or prevent them. Typical simulation-based stud-
ies that use this methodology focus on patient safety, such as 
latent safety threats analysis [53]. Although patient outcomes 
are still the end goal of this type of SBR, funding agencies 
generally concentrate on patient safety, quality of care, and 
system issues. In the USA, the Agency for Healthcare Re-
search and Quality (AHRQ) and agencies interested in the 
business, policy, or hospital system functioning are typical 
funding sources.

Funding for Simulation as the Subject of 
Research

These studies test or validate simulation-based training pro-
grams that improve provider-related knowledge, skills, or at-
titudes leading to improved patient or population outcomes. 
It is perceived as an educational intervention. Medical edu-
cation intervention studies—including non-simulation-based 
interventions—are poorly funded at this time by traditional 
national entities such as the National Institutes of Health in 
the USA [54, 55]. However, funding for simulation as an 
educational intervention tends to be attractive to founda-
tions whose philosophies and goals are based on RRI. The 
American Heart Association, whose core educational prod-
ucts use CPR simulators, has funded research using CPR 
simulation as an educational intervention. Foundations that 
represent simulators (e.g., Laerdal, Gaumard, etc.) and medi-
cal equipment (e.g., Ethicon, Zoll, Phillips) are also good 
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starting points. Funders focusing on general innovation (e.g., 
Google, etc.) may also qualify.

The important lesson is that simulation-based interven-
tion research is translational research. Like traditional 
translational research, a discovery found in the biomedical 
laboratory setting (T1) needs to be tested with actual subjects 
(T2), and the outcomes to patients, populations, and systems 
also studied (T3) [56]. Simulation is understood to already 
be effective at the T1 level and research using simulation 
as an intervention tends to be funded at the T2 or T3 level. 
That is, funding agencies are more interested in measurable 
healthcare provider outcomes and patient outcomes, rather 
than just a new intervention.

Sources of Funding

Public

Government-based healthcare funding agencies primarily 
use the principle of broad impact, particularly for children 
within their jurisdiction. The National Institutes of Health 
(USA), the Canadian Institute for Health Research (Canada), 
National Health Services (UK), and the Australian Institute 
of Health and Welfare (Australia) are examples of very large 
national public funding agencies. Other agencies with more 
focused missions or local healthcare agencies are also poten-
tial funding sources. These tend to fund clinician scientists 
and scientists alike. Because the principle of broad impact 
across the entire jurisdiction is often used, SBR that con-
centrates on children has a slight innovation advantage over 
non-pediatric studies.

Other public agencies focus more on technology and 
software. These can also be potential funding sources if a 
novel simulator, screen-based simulator, or haptic simulator 
is being developed. For example, Knight et al. developed a 
major incident triage training screen-based simulation that 
was funded by the UK government’s Technology Strategy 
Board [21, 57].

Military-based funding agencies are receptive to SBR, 
using the RRI principle. Most expect some level of innova-
tive product to be deployed in a military healthcare setting, 
either for the benefit of civilians or armed personnel. A re-
search protocol need not have soldiers as the target patient 
population to fit into a military-based funding opportunity.

Private Nonprofit
Nonprofit foundations have very specific missions. Some 
use broad impact principles and target a disadvantaged popu-
lation, perhaps identified by socioeconomic status. General 
nonprofit foundations tend to cluster around poor healthcare 
services or access, which can be targeted by simulation-based 
interventions. RBaby Foundation in the USA, for example, 

targets funding towards improving pediatric acute care 
among healthcare providers [58, 59]; these lend themselves 
to SBR and interventions using the RRI principle. Disease-
specific foundations may be sources for research that can 
tie simulation-based interventions to improving patient out-
comes, such as improving colonoscopy skills for providers 
treating Crohn’s disease patients, for example. Cardiac arrest 
is also a disease, as funded by American Heart Association, 
as another example.

Industry
Corporate partners who manufacture MBSs or screen-based 
simulation software are a unique source of funding for 
healthcare research that other clinician-scientists do not have 
access to. This is akin to pharmaceutical company-sponsored 
research. Corporate funding uses RRI principles but not nec-
essarily broad impact. This means corporate funding does 
not necessarily require measuring patient outcomes, though 
patient outcome studies are still funded. Funding is more 
prevalent when particular modifications to mannequins are 
tested for feasibility and novelty.

Multicenter Collaboration
The sample size advantage of multicenter research also pro-
vides incentive for funding agencies based on the principles 
that we have already discussed. This means multicenter re-
search networks that have the infrastructure and support for 
scalable SBR improve funding opportunities. Funding for 
educational studies, for example, is directly affected by the 
rigor of study design, which includes sampling methods; a 
multicenter study, when executed well, tends to improve its 
rigor, which in turn should be better candidates for larger 
funding. Furthermore, specific funding opportunities, such 
as the NIH U-series of grants, are only awarded to larger 
networks as infrastructure funding.
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Simulation Pearls 

1. The future of pediatric simulation is bright, but there are 
many opportunities for improving how simulation is used 
to optimize healthcare outcomes.

2. The opportunities for improvement relate to optimizing 
simulation resources, integration, innovation, investiga-
tion, and inspiring future leaders.

3. Collaboration between individuals, programs, and insti-
tutions will be critical to ensuring the future growth of 
simulation in pediatrics.

Introduction

Over the past three decades, there have been a wide array of 
drivers for simulation-based education (SBE). Some of these 
drivers include medical education reform, professional regu-
lation, professional accountability, and societal expectations. 
It has been widely recognized that many health-profession 
trainees are ill prepared for their roles as practicing clini-
cians. In addition to their well-documented deficiencies in 
a range of skills [1–4], there have been reports of signifi-
cant stress resulting from inadequate preparation for their 

roles [5]. These skill deficiencies have occurred alongside 
a changing pattern of healthcare delivery, which has seen 
significant changes to the clinical experience of undergradu-
ates and a greater role for interprofessional practice [6, 7]. 
The need to better prepare students at an undergraduate level 
for the changing patterns of healthcare delivery has driven 
the medical education reform agenda. In addition, the need 
for postgraduate education to adopt a more integrated edu-
cational approach that extends into continued professional 
education following training has been identified [8].

In medical education specifically, the evolution of profes-
sional regulation has introduced variables such as working 
time restrictions and the move toward a more streamlined, 
shorter duration of postgraduate training [9–11]. Though 
well intentioned, the introduction of these measures has 
caused increased concern related to the amount of direct 
clinical experience necessary to achieve competency during 
training [12, 13]. The reduction in opportunities for individu-
als to gain experience and for teams to practice managing 
clinical cases together has led to the integration of SBE into 
training curricula to ensure that sufficient opportunities for 
deliberate practice is provided for both common and rare 
conditions and procedures [14].

A move to increase professional accountability coupled 
with increased societal expectations has seen patient safety 
coming to the forefront of health care. It is no longer ac-
ceptable for individuals to practice on real patients, and edu-
cational strategies must aim to move the steep part of the 
learning curve away from the patient to an environment that 
is safe for both the patient and the healthcare professional. In 
this manner, SBE provides the ideal solution, a customizable 
educational strategy tailored to ever-evolving healthcare sys-
tem needs [15].

SBE allows users at all levels, from novice to expert, to 
practice and develop skills with the knowledge that mistakes 
carry no penalties. This provides the learner with early and 
frequent exposure to the broad spectrum of possible clini-
cal presentations, thus accelerating the journey along the 
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 learning curve. Furthermore, titrating the nature, frequency, 
and difficulty of SBE to the needs of the individual learner 
helps mitigate the effect of time and chance that is associ-
ated with traditional healthcare education. This chapter re-
views some of the key aspects of simulation in health care 
and describes the future role of simulation for improving 
the care of neonates, infants, and children. Having argued 
the growing need for integrated interprofessional simula-
tion education, we will explore the future development of 
pediatric simulation in several thematic areas: optimizing 
simulation resources, integration, innovation, investigation, 
and vision.

Optimizing Simulation Resources

Mannequins

In recent years, the focus on mannequins as simulated pa-
tients has moved away from defining high-fidelity as high-
technology and toward a setting of high-fidelity appropri-
ate-technology. This has been driven by the belief that high-
fidelity is achievable with lower technology mannequins, 
given the appropriate environment and a well-designed 
simulated experience. This is a vital mind shift to enable the 
implementation of high-fidelity simulation across all health-
care systems, in both developed and developing countries 
across the world.

Currently many elements of commercially available pedi-
atric and neonatal mannequins do not provide cues that are 
used routinely by practitioners in normal clinical practice. 
For example, one of the most common pitfalls during the 
assessment of perfusion is the lack of ability to assess capil-
lary refill time and skin temperature. In addition, the haptic 
feedback during airway manipulation differs distinctly due 
to the different characteristics of tissue elasticity. There is 
a growing body of evidence that suggests that the cues uti-
lized during information acquisition strategies are different 
between expert and novice learners. It would therefore ap-
pear that one of the elements that should be considered with 
regard to fidelity is the level of expertise within the learner 
group [16]. Furthermore, current pediatric mannequins are 
weakly equipped with respect to interventional procedures 
and clinical tasks. Many educators overcome this issue by 
using part task trainers to form a hybrid simulation when 
tasks are performed separately on the task trainers. This is 
often disruptive to the flow of simulated patient management 
and detracts from the fidelity of the experience.

In order to facilitate improvement in mannequin design 
and functionality, novel ideas will need to be tested and im-
plemented by leading mannequin manufacturers. One strat-

egy might include a modular approach to mannequin manu-
facturing that allows adaptation dependent on the technol-
ogy required to achieve optimal fidelity for specific learner 
groups or educational sessions. A potential additional benefit 
would be the ability to have more affordable mannequins 
within the same range of products allowing for global imple-
mentation of SBE.

Sensory Integration

Learners interact with their simulation environment through 
engagement of all five of their senses. Future simulation en-
vironments will integrate haptic (touch), olfactory (smell), 
taste, auditory, and visual stimuli to deliver the highest fidel-
ity simulation experience possible. Although many of these 
technologies already exist, they have yet to be integrated 
in a fashion that combines them all in a single coordinated 
 fashion.

Augmented or virtual reality technologies are a rapidly 
developing field. Virtual reality technologies completely ob-
scure the real world, while augmented reality technologies 
add cues onto the already existing real world through embed-
ding computer graphics (Chap. 9). In practice, the character-
istics of many of the technologies fall on a spectrum between 
virtual and augmented reality. Augmented and virtual reality 
technology systems are typically implemented in one of the 
three ways: head-mounted displays, environment-fixed dis-
plays (EFDs), and handheld displays (HHDs). Head-mount-
ed displays require accurate tracking of the position and 
orientation of the user’s head and include non-see-through, 
video-see-through, and optical-see-through devices. Non-
see-through displays block out all cues from the real world 
and provide the most immersion for virtual reality. In con-
trast, video-see-through and optical-see-through displays en-
able computer-generated cues to be overlaid onto the visual 
field and provide the ideal augmented reality experience.

EFDs deliver graphics and/or audio via surfaces and 
speakers that do not move with the head. EFDs may take 
many forms. They range from standard monitors to those that 
completely surround the user. Although the display surfaces 
are usually flat, more complex shapes can be used. EFDs 
provide a completely immersive and artificial environment, 
where the only real-world cue is the user or learner engaged 
in the simulation. HHDs are tracked devices, held by hand, 
that do not require precise alignment with the eyes or head. 
The popularity of handheld augmented reality has increased 
exponentially with the development of smartphones and tab-
lets. The coordinated integration of such technologies into 
simulation environments and educational curricula may pro-
vide the next frontier of enhanced fidelity.
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Improved Educational Quality Control and 
Quality Assurance

After a prolonged gestation, recent advances have made 
available affordable technologies that enable the reproduc-
tion of clinical events with sufficient fidelity that engage 
learners in a realistic and meaningful way. Current literature 
has shown us that despite using resources with similar fidel-
ity, not all training has the same degree of educational impact 
and transference to clinical practice [17, 18]. Fidelity is only 
one element of the simulation educational experience that in-
fluences the quality of learning. Other elements include, but 
are not limited to, the integration of simulation into curricu-
lum, development and delivery of simulation educational 
material, and the quality of the facilitator and debriefer [19].

Apart from the efficacy of the educational experience, the 
emotional impact of the simulation experience on the learner 
should not be underestimated. Caine’s brain-based learning 
theory describes the elements required to facilitate learning 
as an orchestrated immersion in a complex experience (i.e., 
well-designed and facilitated simulation scenario) followed 
by an opportunity to actively process the experience in a set-
ting of relaxed alertness (i.e., debriefing). Relaxed alertness 
is defined as an educational climate that eliminates fear but 
remains challenging [20]. In her book Being Wrong, Kath-
ryn Shultz explores the phenomenon of being wrong. She 
postulates that the act of being wrong itself has no emotion-
al impact until we actually realize that we were wrong. In 
simulation environments, candidates are often made aware 
of being wrong during the debriefing, which may potentially 
have significant emotional consequences [21]. Keeping this 
in mind, it therefore stands to reason that successful educa-
tion in a simulated environment relies on skilled facilitators 
who can effectively persuade the learners to suspend disbe-
lief, accept the educational contract, and allow themselves to 
become fully engaged in the simulation experience. Orches-
trating a simulation scenario that immerses the learner in a 
complex high-fidelity experience and facilitating a debrief-
ing that challenges the learners without imparting fear pro-
vides a learning environment best suited to enhance learning 
outcomes [22, 23].

Without quality assurance processes in place to ensure 
high-quality development and delivery of educational ma-
terial delivered by educators, it is impossible to assure that 
each learner’s educational experience is sufficiently rich to 
optimize transfer of newly acquired knowledge, skills, and 
attitudes to clinical practice. In the early adoption phase of 
SBE, it was not uncommon for simulation education to be 
delivered by untrained faculty with no quality control and/or 
quality assurance processes in place. Quality control refers 
to elements focused on educational outputs such as faculty 

development and setting standards for course development, 
delivery, and debriefing. Quality assurance, on the other 
hand, refers to the administrative and procedural activities 
implemented to ensure that requirements and goals for the 
educational activity are fulfilled. It is the systematic mea-
surement, comparison with a standard, monitoring of pro-
cesses, and an associated feedback loop that allows continu-
ing improvement of educational delivery.

The educational quality assurance journey starts with a 
robust educational needs assessment, followed by the design 
of robust curricula and programs with specified outcomes 
and standards. After the delivery of the curricula, feedback 
is gathered from learners and stakeholders, which, in turn, is 
used to modify programs, teaching, learning, and assessment 
approaches. In the future, pediatric simulation programs 
should aim to implement quality control and quality assur-
ance measures to help inform the modification of elements 
with the program to optimize the impact on patient outcomes.

Open Platform Sharing of Simulation Educational 
Resources

The phenomena of Massive Open Online Courses (MOOC) 
aimed at large-scale interactive participation via the web or 
other network technologies are a recent development in dis-
tance education. MOOC are part of the movement toward 
the globalization of healthcare education. The future will see 
both improved links between centers to allow real-time and 
asynchronous participation in simulation events and the abil-
ity to develop and share simulation resources on open plat-
forms. This will enable us to accelerate the learning curve 
of newly established simulation programs and stop the phe-
nomenon of reinventing the wheel.

It therefore stands to reason that in order to optimize our 
current resources, four elements need to be addressed:

• Simulation educators should aim to collaborate with the 
simulation industry to optimize the fidelity of the simula-
tion mannequins.

• Simulation programs must invest in high-quality faculty 
development strategies that continue to develop adaptable 
simulation educators.

• Quality control and quality assurance processes need to be 
put in place to ensure that requirements and goals for the 
educational activity are fulfilled and regularly reviewed 
and updated.

• The development of an international pediatric simulation 
educator community through organizations like the Inter-
national Pediatric Simulation Society will provide the 
capacity to link programs and share existing resources.
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Integration

In the past, simulation has often been perceived solely as an 
educational tool for undergraduate and postgraduate educa-
tion in developed countries. The future, facilitated by tech-
nological advances and disruptive simulation technologies, 
will bring a globalization of simulation as educational and 
research methodologies are further developed to improve 
health care and patient safety.

Integration into Clinical Governance and Clinical 
Practice Development

Clinical governance is a system through which healthcare or-
ganizations are accountable for continuously improving the 
quality of their services and safeguarding high standards of 
care by creating an environment in which excellence in clini-
cal care will flourish [24]. This definition defines three key 
aspirations: high standards of care, transparent responsibility 
and accountability for those standards, and a constant strive 
for improvement. The most commonly described pillars of a 
clinical governance infrastructure include risk management 
and patient safety, clinical audit, clinical effectiveness (ev-
idence-based care), patient liaison services, and education 
training and continuing professional development. In order 
to optimize the efficacy of such an infrastructure, it is vital to 
establish a bidirectional relationship between these pillars. In 
many instances, this relationship does not exist at a depart-
mental or organizational level.

Simulation delivered in a clinical setting with native 
teams is a powerful tool to evaluate systems proactively and 
to identify latent threats that can be communicated to clini-
cal leaders within specific pillars of the clinical governance 
structure. Latent threats should be reported through the orga-
nizations’ risk reporting system to inform risk management 
and patient safety as well as communicated to the clinical ef-
fectiveness pillar to allow for review of elements threatening 
patient safety and adherence to institutional guidelines and/
or protocols. Integration of simulation in this manner helps 
to capitalize on its use as a tool for proactive identification of 
latent patient safety threats.

Simulation provides an opportunity to review clinical 
practice and treatment protocols in an environment that is 
safe for the patients and the practitioners. In this manner, 
simulation acts as a focus for facilitated reflection and active 
review of organizational protocols and practice in relation to 
current best evidence. Learners may conclude that current 
protocols and practice are consistent with best practice and 
set a revised review date. Alternatively, they may conclude 
that current protocols and practice are not in line with the 
best practice leading to an update in organizational proto-
cols. Additional processes might include the use of simula-

tion in a clinical setting to evaluate the feasibility of imple-
menting new clinical practice protocols into clinical practice. 
By integrating interprofessional simulation into an organiza-
tion’s change management plan, leaders can help to facili-
tate widespread adoption of new protocols and standards for 
clinical practice.

Integration of Simulation into Family-Centered 
Care

In pediatrics, patient and parental education as well as fami-
ly-centered care are important means for empowering fami-
lies to share in the responsibility of managing the patient’s 
overall healthcare needs. This is particularly important for 
children suffering from chronic illnesses, where there may 
be a need to prepare family members and providers for dis-
charge. Discharge teaching may include day-to-day routine 
skills such as tracheostomy care or suctioning, and also may 
include emergencies such as the management of seizures 
[25], a hypoglycemic episode, a blocked tracheostomy, or 
home ventilator malfunction. The future will see simulation 
education integrated as a key component family-centered 
care in the form of patient, parental, and caregiver education.

Integration of Simulation as an Assessment Tool

The use of simulation as an assessment tool is an area of 
growing interest among all spheres of healthcare education 
and regulating bodies. Though the use of simulation in for-
mative assessment is well established, there are still many 
educators who have reservations about the introduction of 
simulation as a summative assessment tool. This concern is 
driven by an appreciation that the outcome of such summa-
tive evaluations informs high-stakes decisions of real conse-
quence to the candidate. It may involve the candidate passing 
a course, gaining certification/recertification or licensure. As 
such, highly reliable data that permit valid inferences about 
the competence of the candidates are a necessity. Satisfying 
this prerequisite requires a specialized approach to the de-
sign and delivery of the standardized simulation assessment 
scenario. The use of simulation as a summative assessment 
tool should only be undertaken by individuals and organiza-
tions that have expertise in both the fields of assessment and 
simulation education.

In healthcare education, summative assessment using part 
task trainers, low-fidelity simulators, and simulated patients 
as part of objective structured clinical examinations (OSCEs) 
has been well established since the 1970s [26]. However, the 
majority of the elements evaluated relate to basic psycho-
motor and communication skills. The reliable evaluation of 
higher levels of expertise in such a setting may prove far 
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more difficult [27]. Not surprisingly, as the skills become 
more complex, so too does the challenge of assessment in 
the simulated environment. Despite this, there is mounting 
evidence of the successful implementation of such assess-
ment strategies [28, 29, 30]. The use of simulation in high-
stakes healthcare assessment will increase exponentially as 
the technology advances and as the expertise of simulation 
educators increases to allow measurement methods to be-
come more precise and valid [31].

Innovation

The meteoric development of the global information and 
technology (I&T) industry combined with society’s em-
bracement of technology has created opportunities to en-
hance educational delivery. Similarly, consumer expecta-
tions have increased the demand for the creation and de-
livery of learning materials incorporating the latest I&T 
developments. This has created an entirely new knowledge 
economy, with a novel world of learning emerging through 
computer-based learning, online learning, e-learning, and 
distance learning. It is essential that healthcare educational 
systems and simulation programs learn to harness the full 
potential of I&T to allow them a wider reach and their learn-
ers access to a broader knowledge base. The application of 
I&T to education is only limited by the imagination of the 
educators and their knowledge of new technologies. In order 
to optimize the efficacy of pediatric simulation programs and 
improvement of patient-care outcomes, the pediatric simula-
tion community needs to find innovative ways to incorporate 
I&T solutions into their educational plans. In this section, we 
share a few examples of how I&T solutions can enhance the 
impact of SBE.

Fusion of Synchronous and Asynchronous 
Education

In healthcare education, there is an increasing focus on life-
long learning. This requires the capacity to deliver education 
to large numbers of busy clinicians, and thus also requires 
the delivery of SBE in the setting of limited learner avail-
ability. These challenges will not be met through traditional 
classroom-based educational interventions and will require 
an increased focus on the fusion of innovative synchronous 
and asynchronous healthcare education modalities. Synchro-
nous education is defined as education delivered in real time 
with the physical presence of an instructor who facilitates 
education. With synchronous education, the pace and du-
ration of learning are determined by the instructor and all 
learners being present at the same time and able to commu-
nicate directly with the instructor and each other. In contrast, 

asynchronous education is education delivered without the 
physical presence of an educator (or other learners) with vir-
tual access to educators (and other learners) through online 
bulletin boards, discussion groups, and/or e-mail. Course 
content can be delivered through online videos via Internet-
based technology, and learners determine the pace of learn-
ing and the duration of educational experience. Enhanced 
student learning does not flow from the technology itself but 
relies on educators to shape the learning environment to best 
exploit the features of the technology [32].

Information and information processing are central in 
most conceptions of learning. Three major phases can be 
distinguished: information presentation, information pro-
cessing, and information integration [33, 34]. During infor-
mation presentation, the learner selects and stores the infor-
mation in their short-term memory. Information processing 
that involves the organization of information in the working/
short-term memory follows this and, in turn, is followed by 
information integration involving the construction of cog-
nitive structures, also called schemas or mental models. 
Combining the asynchronous delivery of information (pre-
sentation) via I&T with the delivery of simulation education 
allows the creation of a synchronous, on-demand clinical 
experience that allows the learner to implement information 
processing and integration during debriefing. In this form, 
the combination of asynchronous and synchronous learning 
can help enhance educational efficacy.

Establishing Simulation Education Management 
Systems

In order to implement the marriage between asynchronous 
education and synchronous simulation delivery, an effective 
learning management system (LMS) is required. There are 
many examples of commercially available LMS, defined as 
a software application used for administration, documenta-
tion, tracking, reporting and delivery of electronic educa-
tional technology, courses or training programs. In addition, 
there are project management software solutions that facili-
tate the development of educational materials. The desired 
functionality of such a system is depicted in Table 31.1. 

An example of a purposefully designed system that com-
bines features of a traditional LMS and project manage-
ment functionality is the Instructor Resource Innovation 
and Sharing (iRIS) platform developed by Health Education 
England Southwest in the UK. It fulfills the criteria outlined 
in Table 31.1 and is central to ensuring equity of access to 
simulation education programs for all healthcare practitio-
ners across the Southwest of England. It allows educators 
to collaborate in an asynchronous fashion to develop and 
share educational resources and establishes the ability for 
experienced simulation educators to share their resources 
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with those who are in an earlier phase of the development of 
their program. Collaboration in this fashion allows for newer 
programs to develop and implement their curriculum at a 
much faster rate. If we are to maximize the impact of simula-
tion education on patient outcomes, such initiatives must be 
implemented on a regional, national, and international level 
across the globe.

Distance Learning

Healthcare education in the twenty-first century is facing a 
number of challenges that impact the 100-year old appren-
ticeship model of education. A reduction in work hours, 
coupled with a drive to deliver safe and efficient care, has 
reduced work-based experiential learning opportunities. A 
reduction in workplace learning opportunities, coupled with 
the growth in Internet-based innovative technology and a 
focus on knowledge exchange across the global healthcare 
community, has brought distance learning to the forefront of 
healthcare education discussion [35].

Though the majority of distance learning is still paper-
based, the development of inexpensive disruptive technolo-
gies is likely to influence rapid change in the future. An ex-
ample of such an initiative is the open-access, peer-reviewed, 
not-for-profit Internet-based learning application, OPEN-
Pediatrics. Developed as a collaborative effort between the 
World Federation of Pediatric Intensive and Critical Care 
Societies and Harvard Medical School, it was designed to 
promote postgraduate educational knowledge exchange for 
physicians, nurses, and others caring for critically ill children 
worldwide [35].

Though there are anecdotal reports of distance learning 
applied to simulation education, it has not yet been widely 
adopted. In order to keep pace with the drive for knowledge 
exchange across the global healthcare community, simula-
tion programs will have to find novel ways to apply distance 
learning to simulation education. The use of video links 
might allow learners from one institution to watch a clini-
cal scenario taking place at another host center. The educa-
tional principle of Legitimate Peripheral Participation (LPP) 
implies that learners who watch the simulated clinical event 
from a distance become members of the team and become 
acquainted with the tasks, vocabulary, and organizing princi-
ples of the community [36]. However, special care should be 
taken to ensure the psychological safety of learners. In order 
to further individualize their learning experience, learners 
from both sites should be involved in the debriefing of the 
scenarios.

With regard to procedural technical skills, several institu-
tions that have used inexpensive voice-over-Internet audiovi-
sual solutions to deliver deliberate practice education that al-
lowed the learner to observe the expert performing a particular 
task prior to performing it. In turn, the expert is then able to 
view the learner performing the task, allowing them to correct 
performance deficits via directive feedback. Though the appli-
cation of technology using video review of the learners’ per-
formance to support deliberate practice and mastery learning 
of a skill is commonplace in the sports coaching world, it has 
not yet been adopted widely in healthcare education. In order 
to meet the challenges of the twenty-first century, healthcare 
educators should seek ways of implementing such techniques 
to improve the quality and breadth of SBE.

Table 31.1  Desired functionality for simulation learning management systems
Simulation learning management system
Educator focused Learner focused
1. Educational materials and resources 1. Pre-learning/information presentation
 a  Facility for asynchronous collaborative development of educational 

material and resources
 a Electronic lecture notes
2. Communication systems
 a Collaborative learning—connecting course participants

 b Facility to share completed educational material and resources  b Enabling real-time chat or threaded discussions
 c Facility to review and update educational material and resources  c  Connecting learners and educators to allow post-action reflection 

beyond action
2. Course management 3. Learner feedback
 a Database management system to organize course materials 4. Self-assessment
3. Educational quality assurance
 a   Guidance to ensure development of consistently high-quality educa-

tional material
 b Frequent review to ensure materials up to date
 c Audit trail of updates and the rationale for them
4. Student management
 a Database management system that organizes student information

  b Track individual user so that customized services can be provided
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Developing Safer Clinical Environments of the 
Future

Simulation has been used in combination with human fac-
tors to evaluate specific elements of the healthcare system, 
including newly constructed healthcare environments prior 
to clinical use. These events simulate a functional clinical 
environment prior to opening for patient care and aim to 
identify latent threats in the environment allowing them to 
be addressed prior to exposing patients to these risks [37–
39]. Though human factors and teamwork training form an 
integral part of most established simulation programs, very 
few apply human factors theory to help inform the integra-
tion of new technology and medical equipment. We believe 
that in future simulation will form an integral part of the 
design process of new healthcare environments and equip-
ment.

Investigation

The pediatric simulation community has been a leader in 
using simulation as a tool to improve patient care and out-
comes. The establishment of the International Network for 
Simulation-based Pediatric Innovation, Research and Edu-
cation (INSPIRE) has allowed for researchers with similar 
interests to come together and conduct robust, multicenter 
studies addressing some of the most pertinent issues in clini-
cal care that may be difficult to answer with clinical studies. 
The benefits of simulation as a research tool are multifold 
and include (1) ability to recreate and study any clinical pre-
sentation, (2) ability to customize the clinical presentation 
to the needs of the study, (3) ease of recruitment of clinical 
subjects, (4) ease of collaboration within existing research 
networks provided that equipment is available, and (5) no 
concerns related to patient confidentiality. As such, there has 
been a recent explosion of pediatric simulation studies, with 
more and more research published each year addressing per-
tinent clinical issues [40].

Research in pediatric simulation can be grouped into two 
broad categories: studies where simulation is used as an edu-
cational intervention targeted to improve a specific area of 
patient care and studies where simulation is used as the en-
vironment for research [41]. A recent systematic review de-
scribed a series of studies conducted demonstrating the posi-
tive impact of simulation as an educational tool for teaching 
pediatric healthcare providers [40]. These studies included 
those using simulation to teach pediatric resuscitation and 
life support, neonatal life support, trauma management, team 
training, and procedural skills. Simulation was found to be 
effective in improving the acquisition of knowledge, skills, 
and behaviors when compared to no intervention [40]. Fu-
ture work in this area should aim to identify the best means 

of designing simulation-based educational interventions, in-
cluding how to tailor the degree of realism to the learning 
needs and learning context.

Other studies have used simulation as the environment 
for research. In these studies, the simulated environment is 
used to assess new protocols, equipment, patient-care pro-
cesses, or clinical spaces [41]. Alternatively, the simulated 
environment can be a venue to describe or document specific 
aspects of provider performance and how providers interact 
with their environment. Given the growth in healthcare in-
novations, simulation will play a critical role in the future 
to determine how these innovations influence healthcare 
providers and processes, and whether these new innovations 
truly have a positive impact on patient-care outcomes.

Pediatrics is a field that is ripe for innovative simulation-
based research. Future opportunities for pediatric research 
include the use of simulation to train for informed consent, 
disclosure of medical error, or conversations around death 
and dying. As pediatric patients come in a variety of sizes, 
future research should also aim to define how procedural 
skills can be best taught to ensure that providers are com-
petent in these skills across age ranges. Finally, work in our 
field can help to address how simulation-based education 
can be designed to help accelerate the learning curve for 
pediatric-specific competencies.

Vision: SBE to Achieve a Positive Impact 
on a Global Scale

In recent years, there has been a growing focus on develop-
ing healthcare simulation solutions to address global health-
care issues. Pediatric SBE has led the field through projects 
such as the Helping Babies Breathe project. It is an example 
of an educational initiative delivered as a consistent program 
in collaboration with local healthcare providers who deliver 
ongoing training and mentoring to improve clinical manage-
ment and patient outcomes. Implementation of this program 
has resulted in a 47 % reduction in neonatal mortality and a 
24 % reduction in fresh stillbirths in some areas [42]. Further 
evidence of the growing collaboration between individuals 
and societies to help global partners develop resources for 
simulation education is the partnership between the Interna-
tional Pediatric Simulation Society (IPSS), the World Fed-
eration of Pediatrics and Critical Care Societies (WFPICS), 
and the Malawi Department of Health. These groups are in 
the process of implementing a simulation-based program to 
address the infant and under-five mortality in Malawi that 
adheres to the principles outlined in the Helping Babies 
Breathe program [43]. As a pediatric simulation commu-
nity, we should learn from such programs and remember 
that simulation is an educational modality underpinned by 
the educational concept of experiential learning and that its 
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 application to improve Global Child health is only limited by 
our imagination [44].

In order for pediatric simulation to successfully impact 
child health on a global scale, the following issues will need 
to be addressed:

1. Resource Limitations

Given the financial constraints associated with training in 
certain regions of the world, it is imperative that the pedi-
atric simulation community focuses the use of simulation 
technology to arenas where its educational impact will be 
optimized in a cost-effective way. This will require health-
care professionals, educators, and researchers from across 
the continuum of the healthcare system to engage health-sys-
tems partners in defining priorities for SBE moving forward. 
Defining priorities in SBE will reduce redundancies in cur-
riculum development and design for specific professional or 
specialty training programs, and bring with it an economy of 
scale to help with more widespread dissemination. In addi-
tion, a larger focus on the delivery of in situ SBE may allow 
for integration of educational processes and facilitation of 
multi-professional and interprofessional education.

2. Collaboration

The creation and growth of a community of pediatric simula-
tion educators through the IPSS and the INSPIRE network 
have been central to ensuring that the full potential of pedi-
atric SBE and research is achieved. IPSS and the INSPIRE 
network have given simulation educators a means to gather, 
collaborate, and innovate during annual conferences and in 
an asynchronous fashion to develop and share educational 
resources. Furthermore, IPSS and INSPIRE have established 
the ability for experienced simulation educators to share their 
resources with other programs that are earlier on in their de-
velopmental phase.

3. Technological Limitations

Existing simulators often fail to meet pediatric-specific 
needs with respect to the degree of realism, variety (e.g., size 
and skin color), and cost. They fail to span age, anatomic 
and physiologic ranges found in real pediatric patients. In 
addition, higher technology simulators can be prohibitively 
expensive and are often not durable or appropriate for aus-
tere environments. Another important consideration is that 
numerous incompatibilities between existing simulators and 
medical equipment exist, often presenting a barrier for those 
programs trying to implement simulation-based testing of 
new technology into clinical environments.

Societies or consumer groups should work collectively to 
address prohibitive costs through shared purchasing models. 

Research and development should be encouraged by lever-
aging policy makers to incentivize industry cooperation with 
academic centers. The development of interdisciplinary and/
or interinstitutional collaboration may optimize cost–benefit 
ratios. Research identifying the appropriate level of realism 
for particular applications of SBE also has the potential to 
help control costs. Identifying and correcting compatibility 
between medical devices and medical simulation equipment 
can help drive better systems integration, scalability, and re-
alism. It is essential that technology—the simulators them-
selves, the technology of the healthcare environment and that 
of the educational experience—be thoughtfully developed to 
maximize the impact on clinical outcomes.

4. Research Collaboration

Much like education, it will be imperative for the pediatric 
simulation community to define priorities for future research 
in the area. Doing so will map out a collective plan for the 
community moving forward, allowing the most important re-
search questions to be addressed in systematic and collabora-
tive manner. Through the INSPIRE network and other net-
works of researchers, multicenter trials can be organized and 
conducted to ensure there is sufficient sample size to contrib-
ute to meaningful results that can be generalized across sites 
and countries.

5. Lack of Translational Research Evidence

While the evidence supporting simulation-based education 
is growing, there still exists a paucity of research linking 
simulation to improved clinical performance, safe processes 
of care, patient outcomes, or cost effectiveness. Researchers 
must develop the methods and infrastructure to assess the 
translation between simulation and clinical care. Future stud-
ies should control for potentially confounding factors in this 
complex healthcare system that impact patient outcomes so 
that we can understand the impact of simulation on patient 
care. Over time, researchers must develop and rigorously 
evaluate the most effective components of simulation-based 
interventions from a patient-centered perspective. Analysis 
must be conducted to identify the most cost-effective ap-
proaches to the deployment of simulation resources and ex-
plore issues related to decay rates and retraining intervals. 
Funding of such research is essential to define best practices 
in simulation that improve clinical outcomes and to justify 
subsequent funding.

6. Integration, Implementation, and Sustainability

The lack of systematic integration and consideration of long-
term sustainability of simulation across the healthcare spec-
trum has limited the potential growth of SBE. This may be 
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related to the fact that the impact, cost, and return on in-
vestment of SBE have not yet been sufficiently defined. In 
order to translate the benefits of SBE to front-line providers 
and their patients in a sustainable way, SBE must become an 
integral part of optimal healthcare delivery, and no longer 
regarded as supplemental.

A review and synthesis of 19 empirical health-related 
studies reports five important factors influencing the extent 
of sustainability: (a) program modification, (b) presence of 
a champion, (c) fit with organizational mission and strategic 
plan, (d) perceived benefits to staff members and/or clients, 
and (e) stakeholdersʹ support. In order to gain institutional 
support from key stakeholders, demonstration of the superior 
effectiveness of SBE over traditional training methods and 
active engagement of leadership as champions are necessary. 
Cost-effectiveness data are needed to provide organizations 
with relevant information to make financial decisions and al-
locate appropriate educational resources to SBE. In addition, 
working directly with institutional leaders to align simula-
tion curricula or research with organizational goals can im-
prove the perceived fit between the two. Finally, consider-
ation of adult learning theory principles in terms of ensuring 
that simulation curriculum is timely, easily accessible, and 
directly relevant to the front-line providers is essential.

Conclusions

The future of pediatric simulation is dependent on the abil-
ity of our community to come together and tackle the most 
pertinent issues in our field. This will include working with 
each other to (1) optimize our resources, (2) identify new 
ways to integrate simulation into our healthcare systems, (3) 
innovate and develop new technologies and methods to en-
hance healthcare outcomes with simulation, (4) investigate 
the most burning healthcare questions using simulation-
based methodologies that are most likely to have a positive 
impact on patient outcomes, and (5) to inspire and lead the 
healthcare community by advancing our field to positively 
impact global health.
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