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“Coming together is a beginning. Keeping together is progress. Working together is

success.”

Learning and Expert Decision
Making

Learning is the acquired, relatively permanent or
persistent change of behavior or behavior poten-
tial resulting from instruction, training, and prac-
tice (intentional learning) or experience (incidental
learning) [1]. In the context of professional train-
ing at a graduate level, it is goal oriented and
motivated by progress towards independent prac-
tice. In this setting, it is more than just factual
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acquisition; instead, it is building upon, and being
shaped by, previously established knowledge,
leading to the development of expertise in a par-
ticular domain. Learning in the clinical domain is
thus facilitated by the principles of adult learn-
ing—or andragogy, as elucidated by Malcolm
Knowles [2]—in that learning is:

¢ Autonomous and self-directed
» Experiential

e Relevant and goal directed

e Heuristic

In 1984, Kolb described an experiential learn-
ing model, which postulated that learning occurs
through a cycle of reflective observations of con-
crete experiences in order to gain an understanding
of what can be learned from each experience [3].
New ideas are then applied to future experiences,
renewing the cycle. While this model is readily
applicable to many aspects of medical education,
the unique necessity to regularly perform technical
tasks requiring complex motor skills within sur-
gery results in the need for an additional approach
to learning. In this regard, the three-staged model
of motor skill acquisition defined by Fitts and
Posner has been suggested as a theoretical frame-
work uniquely positioned for learning surgical
skills [4]. This model initially involves under-
standing of the relevant task with the aid of instruc-
tor explanation and demonstration (cognition),
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followed by practice using instructor feedback to
identify and eliminate errors (association). Finally,
with repetitive practice, the learner performs the
task with little or no cognitive input. Training to
this “automated” phase can, indeed, result in the
development of technical proficiency, but the
attainment of surgical expertise and decision mak-
ing requires the development of other cognitive
attributes [5]. This is supported by the notion of
“routine” experts that are skilled executors of cer-
tain tasks but are unable to adequately adapt to
“variations from the norm.” As such, many profes-
sionals may not attain true expertise. At present,
there are no validated tools that reliably distin-
guish between or predict those who will and those
who will not attain true expertise [6].

Characteristics of Expertise
and Expert Behavior

Many descriptions of what determines expertise
are qualitative in nature, with limited concrete mea-
sures available. In the most general terms, the hall-
mark of expert performance is extemporaneous,
reliably reproduced, faster output of a consistently
higher quality domain-specific product [7]. The
actions of skilled experts in domain-specific tasks
tend to be more fluid than those of novices [8], and
tend not to be under conscious control directly, but
rather hierarchically, through a higher level archi-
tecture of stratified control, allowing them to divide
their attention between a number of tasks, without
commensurate loss of performance [9]. Experts are
better than novices at pattern recognition within
their area of expertise, and can more reliably pre-
dict forthcoming events and potential problems on
the basis of limited information [10]. They display
superior problem-solving skills within their
domain, and have more efficient memory-handling
algorithms for domain-specific knowledge, as well
as measures for qualitative analysis of problems on
the fly [11], often referred to as “cognition in the
wild.” Experts monitor their own performance and
are skilled at detecting and correcting errors in their
own task execution, whereas novices are dependent
on external feedback as the principal method of
error detection [12].

Within the surgical domain, some have defined
expert status as “experienced surgeons with con-
sistently better outcomes than nonexperts” [13].
While operative volume has been shown to be an
important determinant of outcome [14], varia-
tions in performance exist between surgeons with
high and very high volumes making it difficult to
define minimum volume requirements as a sole
criterion for expertise. Moreover, the number of
years of experience has been shown to be a poor
predictor of performance [15]. Indeed, for some
cognitive tasks, more experienced surgeons have
worse performance as a result of decay of previ-
ously obtained skills [16]. Recent studies have
found that expert surgeons demonstrate greater
dexterity, consistency, and automaticity of per-
formance, thus freeing up cognitive decision
space [13, 17]. This ability to automate actions
has been demonstrated by the facility to perform
tasks seemingly without any attentional effort
and with the cognitive reserve to be able to mul-
titask without loss of efficiency [17]. Beyond this
capability, experts have a greater ability to moni-
tor and analyze their own performance and,
importantly, identify and correct errors prospec-
tively [18, 19]. In contrast, nonexperts lack this
key insight and require external evaluators to do
this. Experts perform physical rehearsal and
warm-up with preliminary findings suggesting
that preoperative rehearsal or warm-up can
improve the performance of operators or operat-
ing teams [20]. Indeed, experts use forward rea-
soning to rapidly formulate diagnoses and
management strategies, making fewer cognitive
errors, but will revert to backward reasoning
when unusual clinical patterns occur [18, 21-25].
This nimbleness is a mark of true expertise and
allows them to develop reliable mental models to
address a wide variety of cognitive challenges.

It is well known that individual trainees
acquire skills at varying rates and some may not
ever be able to achieve certain proficiencies.
Further, surgeons with equivalent operative expe-
rience demonstrate varying levels of skill [26,
27]. Equally, some with varying operating expe-
rience have been shown to have similar levels of
performance [26, 27]. Neurophysiological analy-
ses have suggested that this disparity may be
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explained by differences in motor learning
capability, cortical function, and neuroplasticity,
where experts have been shown to activate a
smaller neural networks allowing a more efficient
control of movement and the development of
automaticity [28, 29].

Significant variation in clinical competencies
exists between individual healthcare providers that
may contribute to a large variation in patient out-
comes and inefficient use of resources. Although
increasing experience plays an essential role in
achieving proficiency, completing more proce-
dures does not necessarily ensure that expertise
will be attained if reflection, feedback, and learn-
ing are limited. Utilizing examples from sports
and music, Ericsson hypothesized that years of
deliberate practice, rather than the mere accumula-
tion of experience, is a unifying feature of all
experts [30]. Deliberate practice is defined as a
“structured activity, which is designed to develop a
critical aspect of current performance.” The devel-
opment of expertise is thought to be a consequence
of the amount of domain-specific deliberate prac-
tice accumulated by individuals throughout their
career, rather than mere exposure to the perfor-
mance domain. Deliberate practice provides an
opportunity for error detection and correction, rep-
etition, access to feedback, complete concentra-
tion, and full attention. The hallmark of deliberate
practice is a deep desire to receive specific feed-
back to identify weaknesses and improve perfor-
mance [31]. These areas of performance weakness
can be practiced “deliberately” by constructing
and seeking out training opportunities in order to
improve performance. Studies in several domains
have demonstrated that the attainment of expertise
occurs after 10,000 h of a concerted cycle of delib-
erate practice [30].

The relationship between expert performance
and volume of domain-specific deliberate prac-
tice has been consistently demonstrated across
diverse professional domains, including sport
[32], music [31], business [33], nursing [34], and
academia [35]. These studies suggest that engage-
ment in structured practice leads to the develop-
ment of task-specific knowledge that helps skilled
individuals focus their attention on more perti-
nent areas of the display, making it easier to sur-
mise situational probabilities from events

previously experienced. These task-specific
adaptations enable the more effective processing
of contextual information [36].

Broadly, clinical decision making involves
two types of mental processes that exist on a
spectrum, from subconscious, automatic decision
making based on experience and pattern recogni-
tion to a conscious, analytical, thoughtful process
[37]. The former is faster and consumes little
cognitive energy and is more commonly used by
expert surgeons. However, they are also able to
seamlessly switch between these processes pro-
spectively when required. Although the attain-
ment of technical proficiency is seen as the
predominant goal of most surgical trainees,
achieving status as an expert surgeon requires a
more holistic set of competencies. Indeed, it is
clinical decision making that often differentiates
experts from nonexperts more than technical
skills per se. These individuals display the ability
to utilize a wide range of conscious and uncon-
scious thought processes to make accurate and
rapid clinical decisions consistently, while being
able to adapt to the changing demands of the
patient, the team, and the context. In particular,
they are able to make accurate decisions with
regard to when operative or nonoperative man-
agement is required, ensuring that the right oper-
ation is performed in the right patient with the
right resources and perhaps, more importantly,
deciding not to proceed when operating on the
patient is not in the patient’s best interest. Experts
make astute decisions regarding preparing
patients for surgical procedures, and, importantly,
are able to monitor and detect subtle deviations
from the usual postoperative course, and act
accordingly to ensure early rescuing of patients
while optimizing outcomes.

As mentioned, while the attainment of exper-
tise is the common goal of all surgical trainees,
some have controversially suggested that not all
trainees have the innate ability to reach such pro-
ficiency and selection of trainees should focus on
identifying those that are most likely to succeed
[38]. Further, becoming a surgical expert requires
more than achieving expertise in technical skills
but in fact requires a suite of both technical and
nontechnical competencies including the right
attitudes. Proficiently working within a team is
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crucial to efficient and effective delivery of surgi-
cal care [39]. These topics are discussed in the
next sections.

Learning Within the Surgical
Microsystem

Clinical microsystems provide a conceptual and
practical framework for thinking about the orga-
nization and delivery of care. Formed around a
common purpose or need and often embedded
within larger organizations, a clinical microsys-
tem is a small, inter-reliant group of people work-
ing together regularly to care for specific patient
groups [40]. It is characterized by a common aim,
a subpopulation of patients, shared work pro-
cesses, and a shared information environment
[41]. Optimally functioning clinical microsys-
tems deliver the best quality healthcare services,
so understanding what is most important to the
people who make up the microsystem is key to
continuous improvement. The main driver and
facilitator of learning within this environment is
its internal climate and culture [42]. Awareness of
the presence and support of the microsystem by
its members, and support for its activity by the
broader organization within which it is embed-
ded, is therefore, essential for the function of the
microsystem—a critical factor in its key purpose
of continuous quality improvement and the pro-
vision of reliably safe clinical care [43].

This environment socializes the team mem-
bers, and affords the acquisition of unique set of
technical, but mainly nontechnical, skills, and
some of which can only be attained with great
difficulty outside of the relevant micro-system
[44]. General microsystems include doctors,
nurses, other healthcare providers, administrative
support such as clerks and biomedical engineers,
and health information technologies that support
them. Understanding the interdependent inter-
faces and subtleties of communication between
staff of differing disciplines is explored by par-
ticipation in interdisciplinary learning activities,
often enhanced by simulation-based learning
activities. Leadership and teamwork are also
important aspects of the microsystem’s success
[45], and attention given to providing constant

ongoing staff training and workplace assessment
of these nontechnical skills will yield dividends
in terms of improved quality and efficiency in
delivery of care to patients [46]. Given this reli-
ance on continuous training, thought ought to be
given to the best way to incorporate training into
the microsystem’s schedule, and the various
training needs of its members.

Learning at Various Stages
of Training/Levels of Expertise

Dreyfus and Dreyfus proposed a model of skill
acquisition [47] that describes how students
acquire new skills through formal instruction and
practicing. The original model proposes that a
student passes through five distinct and immer-
sive stages: novice, competence, proficiency,
expertise, and mastery which correspond to four
binary qualities around: recollection (non-situa-
tional or situational); recognition (decomposed
or holistic); decision (analytical or intuitive); and
awareness (monitoring or absorbed). In the nov-
ice stage, a person follows rules as given, without
context, with no sense of responsibility beyond
following the rules exactly. Competence devel-
ops when the individual develops organizing
principles to quickly access the particular rules
that are relevant to the specific task at hand;
hence, competence is characterized by active
decision making in choosing a course of action.
Proficiency is shown by individuals who develop
intuition to guide their decisions and devise their
own rules to formulate plans. The progression is
thus from rigid adherence to rules to an intuitive
mode of reasoning based on facit knowledge.
This model leads to five defined roles, through
which learners can progress in either direction
and share elements of two stages at different
times in their learning journey [48] (Fig. 13.1).
With specific reference to psychomotor skills,
learning occurs in three phases [49], although the
entire process of learning is a continuous, not a
discrete, phenomenon. The first is the declarative
stage (composition, cognitive stage), in which
the basic rules of a task are articulated and learnt.
Next is the associative stage (proceduralization
stage), during which the procedures of the task
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Responsibility extends to
others and the
amvironment.

“Dreyfus Model of Skill Acquisition”

Sense of responsibility
increases with experience.

| Sense of responsibility
anses from actively
making decisions.

Scope of vision

Still does not experience

eri Advanced Beginner
personal responsibility.

Only feels responsible to
follow the rules.

Novice

Follows specific rules for Begins lo create and
specific situations. identify conditional rules.
Rules are not conditional. All decisions still follow

rules.

“Rules have nuance and
become conditional in
nature”

“Only capable of following
the rules”

Fig.13.1 Dreyfus model of skill acquisition [47]

become more fluent. Finally, during the autono-
mous stage, the procedures become automated,
being performed more rapidly and with greater
immunity to disruption by external conditions
such as noise, interruptions, etc. The most dra-
matic and rapid changes in performance are seen
in the first phase, and a plateau is reached by the
third stage, although performance slowly contin-
ues to improve by small increments over long
periods associated with ongoing practice
(Fig. 13.1).

The first two stages are associated with the
evolution of increasingly more appropriate men-
tal representations of action [50]. This Kantian
representation—also known as a schema—

«

. is a spatially and/or temporally organized
structure in which the parts are connected on the
basis of contiguities that have been experienced in
space or time. A schema is formed on the basis of
past experience with objects, scenes, or events and
consists of a set or (usually unconscious) expecta-
tions about what things look like and/or the order
in which they occur.” [51]

This mental organization is not peculiar to
experts; according to the Gestalt theory of psy-
chology, schemata underpin all our experience of
the world, and cause us to perceive things the way

Competent

Learns organizing
principals.

Information sorting by
relevance bagins.

“Higher order rules shape
contexts and conditions™

Proficient

Uses pattern recognition to
assess what to do. Uses
rules to determine how to
doit.

“Intuition rides in
identifying the situation;

Expert

No analysis or planning.
Pattern recognition
extends o plan as well as
action.

“Just does what works®

the actions are govemned
by the principals”

Range of capability

we do [52-54]. The principles that govern their
formation and function are common to all humans,
which is why we can agree on many facets of
experience, despite each individual’s complete
ignorance of another’s experience. According to
the Gestalt view, our experience of objects in the
real world consists of a number of facets of each
object—such as color, texture, odor, and so on—
each of which generates a particular stimulus. Our
immediate mental state, together with our previ-
ous experiences, determines the relative value we
attach to each facet of an object. Although the
sensory abilities of experts do not differ from
those of novices, their perception of entities spe-
cific to their domains is different. The pattern of
relative importance of the facets of an object in
experience that are pertinent to the expert’s func-
tion is—in a manner of speaking—imprinted on
his or her memory. This explains the expert’s
superior cognitive processing in approaching or
performing a task, and this is what training for
that task must accomplish [55].

Within the schema is housed the action plan
[56], a hierarchy of seven levels of sensorimotor
representation postulated by Saltzman [57]. The
seven levels are defined in Table 13.1. Experts
performing a psychomotor task within their skill
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Table 13.1 Saltzman’s levels of sensorimotor representation [57]

Level of representation

Characteristics

Example

1. Conceptual

This level involves highly abstract
symbolic components integrated
within a logical or propositional
framework

“Perform a mass abdominal
closure,” and “Make a
circumareolar incision.” Specific
spatiotemporal parameters are
defined only insofar as they relate to
operational components of the
entities to be manipulated

2. Environmental space motion

At this level, the interaction space is
defined, along with quantitative
representations of the relative
positions of the objects within it to
be manipulated

“Take 2 cm bites, 1 cm apart,” and,
“Start at the 4 o’clock position, and
finish at the 8 o’clock position,”
exemplify this level of control

3. Effector

At this level, a particular effector
system will be selected to perform
the task, and its relationship with the
task objects will be quantitatively
defined

“Pick up the fascia with the forceps
in your left hand,” and “Hold the
scalpel in your right hand”

4. Body-space motion

At this level, the higher order
information is translated into specific
instructions on movement of the
performer’s body within space.
Transformation of the environmental
spatiotemporal action trajectory is
translated into body-relevant terms

“Hold the forceps like a pencil,” and
“Keep your elbows by your sides”

5. Joint motion

The angle of each joint between the
fingertips and trunk is defined for
proper execution of the task, along
with kinematic changes in the angles
over time, angular velocity, and
angular acceleration. Experts can
ignore the redundant degrees of
freedom in their joints, identifying
only those that are necessary for task
completion; by contrast, novices
cannot predict which degrees of
freedom are redundant for a
particular task

Maintaining a fluid and flexible,
nonrigid posture in those joints not
involved in performing the task

6. Joint torque

This is a function of the angular
displacement, velocity, and
acceleration of a joint, and
determines the amount of force
applied to objects in the task.
Adjustments at this level result in
greater or lesser amounts of traction
applied to tissues

7. Muscle

At this level, the relevant muscle
groups to be activated are
determined, as is the required neural
input

domain generally operate at the conceptual level
of representation, regarded as the highest order or
most abstracted level of control. In contrast, nov-
ices training to achieve expert-level proficiency
in a particular skill are likely to require instruction

and repetitive feedback at most, if not all, levels
of sensorimotor control.

Mental schemata are also responsible for the
general popularity of “mind maps” as an
aide-mémoire based on the organization of vari-
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ous related pieces of information into a structured
framework [58]. One aspect which does set
experts apart from the remainder of the popula-
tion, however, is that they possess highly devel-
oped and structured mental representations for
information within their area of expertise [59],
which facilitates their professional functionality.
This ability is specific to their knowledge domain,
but does not extend to general function in com-
mon tasks [60]. It is for this reason that correla-
tions have been found between surgical
proficiency and visuospatial ability [61].

Successful execution of a task, then, is predi-
cated on the presence within the performer’s
mind of a schematic model of the task synthe-
sized during the course of training. Proficiency in
task performance emerges when the trainee’s
performance matches his or her mental schematic
of the task, as long as the model is sufficiently
sophisticated to encompass the task parameters
outlined below [62]:

1. Task content, type, input, output
The actions or processes which constitute
the task define the nature of the task itself, that
is, whether it is predominantly sensory, cogni-
tive, or motor, or a combination of two or
more abilities. These broad classifications of
task type can be further stratified by the type
of activity involved. Knowledge of the mate-
rial—the “task substrates”—required to com-
plete the task and a mental model of the end
product are essential.
2. Contextual conditions
Factors beyond the immediate constituents
of the task which may affect task performance
must also be recognized.
3. Frequency and duration
Tasks may involve several iterations of sub-
ordinate processes; the operator must know
how to determine the appropriate number of
repetitions. Timing factors may also play an
important part in successful task execution.
4. Criticality
Certain elements of a task may be pivotal
to its successful execution. Awareness of such
elements allows the performer to take steps to
ensure optimum performance of these
elements.

5. Indications of difficulty
Recognizing the signs of potential difficul-
ties is the first step in preparing for these con-
tingencies. One feature of expert performance
is awareness of all contingencies during task
performance, and prior preparation of strate-
gies to avoid difficulty [60], or to attenuate its
effects should it eventuate. This suite of skills
may explain the benefits of rehearsal before
procedures.
6. Cue indications
Information from the task environment is
necessary for decision making during certain
tasks, and for monitoring performance. These
cues also assist in coordinating task execution
by indicating the deployment of subordinate
processes at the appropriate time [63].
7. Conditions which initiate and end the task
The operator must be able to correctly
match initiation of a task to the circumstances
that require it. Similarly, he or she must be
able to recognize the achievement of the goal
conditions that the task is designed to fulfil, as
well as be able to recognize circumstances
leading to futile pursuit of the goal, under
which it is more prudent to abort the task.
8. Constraints/aids provided by environmental
or technological factors
The operator must also know the resources
available to assist in task completion, as well
as the various factors that may limit an aspect
of performance. Taken to its extreme, this prin-
ciple directs the operator to be aware of his or
her own limitations, and of any conditions that
may place successful task completion beyond
the resources at his or her disposal.
9. Alternative means of reaching the desired
outcome
Achieving the goal conditions may occa-
sionally necessitate use of an alternative to the
task in question, and the operator must be pre-
pared for such strategy changes.

The scope of the foregoing list of elements
which form the mental construct of a task indicates
that two classes of knowledge are essential to
achieving proficiency in a psychomotor skill.
Declarative knowledge (semantic knowledge,
conceptual knowledge, or factual knowledge)
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relates to the principles underlying the task.
Procedural knowledge (operational knowledge),
on the other hand, relates to the internal task struc-
ture. Declarative knowledge does not appear to
enhance task performance, and its utility depends
on the way it is presented to the learner. Measures
of this kind of knowledge are not good predictors
of task performance [64], and it does not affect
skill transfer [65], although it may improve long-
term retention. Procedural knowledge, on the other
hand, is important for effecting skill transfer [66].

Recruiting and Training the Surgical
Team

Recruiting the most suitable candidates is a task
that has continuously challenged surgical educa-
tors worldwide. Indeed, identification of appro-
priate selection criteria is an onerous task, often
supported by scant evidence [67]. However, this
controversial topic has gained much interest in
recent times, particularly given the increased
economic pressures, growing cost of training,
and accountability placed upon training bodies.
This, coupled with the reduction in working
hours available for training, means that selection
of trainees that are most likely to succeed through
training is vital [68—70]. Traditionally, selection
of prospective surgeons into training programs is
based largely on three aspects: clinical experi-
ence and academic achievements, referee
reports, and performance at interview. In
Australia and New Zealand, this highly competi-
tive process adheres to the aforementioned prin-
ciples, where a self-reported structured
curriculum vitae (CV) is scored according to
strict criteria with points given for clinical expe-
rience, publications and presentations, teaching,
higher degrees, and postgraduate prizes. Further,
referee reports are collated from nominated clin-
ical supervisors that involve scoring applicants
according to the Royal Australasian College of
Surgeons (RACS) competencies of medical and
technical expertise, clinical decision making and
judgment, collaboration and communication,
professionalism academic, teaching, and leader-
ship aptitudes. Finally, applicants are scored dur-
ing a semi-structured interview consisting of a

number of clinical and nontechnical skill sta-
tions that aim to assess these competencies. A
recent study evaluating the predictive validity of
this process demonstrated that those who
obtained high score in the CV component of the
selection process did not score higher in any sub-
sequent objective work-based assessments dur-
ing training. In contrast, referee reports and
interview scores, as well as the overall score,
positively correlated with performance during
subsequent objective work-based assessments
during the training program [71].

This traditional selection process has been
controversially criticized by some for not includ-
ing assessment of abilities that are fundamental to
surgical practice, such as psychomotor skills [68].
Recent advancements in surgical practice—in the
form of endoluminal techniques, complex laparo-
scopic procedures, microsurgery, and robotic sur-
gery—require surgeons to possess a number of
critical abilities across the cognitive, psychomo-
tor, and visuospatial domains beyond those
required for traditional surgical modalities [68,
72-77]. Further, some of these fundamental abili-
ties have been considered largely innate, and it is
debated whether these abilities can be acquired
and mastered through training at all [77]. This
clearly has implications for the benefit, cost-effec-
tiveness, and safety of individuals without these
innate abilities undergoing the lengthy, rigorous,
and expensive process of surgical training. Within
other high-risk industries, like aviation and the
military, assessments of attributes deemed impor-
tant for performance are incorporated into the
selection process [78]. Cuschieri and colleagues
surveyed the opinion of senior surgeons and sur-
gical leaders from Europe and the USA with
regard to the attributes they considered to be
important for selection of surgical trainees [79].
The authors concluded that innate dexterity
including the abilities of spatial perception, hand-
eye coordination, aiming, multi-limb coordina-
tion, and hand-arm steadiness and the ability to
interpret and manipulate images is considered by
this group of expert surgeons to be an important
selection criteria. Indeed, when these fundamen-
tal abilities were present in a trainee, improved
performance correlated with shorter time to profi-
ciency during endoscopic performance [76].
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These provocative studies raise questions
about the reliability and validity of the trainee
selection process in surgery, as well as identify-
ing those who may require additional training to
achieve competence. As a result, tests of techni-
cal skills and fundamental abilities are included
in the selection process for Higher Surgical
Training at the Royal College of Surgeons in
Ireland [80]. Candidates are required to complete
a full day of assessments including a ten-station
surgical skills Objective Structured Clinical
Examination (OSCE), where they are tested on
skills acquired during basic surgical training.
These include suturing, knot-tying, basic anasto-
mosis, and basic endoscopic and laparoscopic
skills. Additionally, candidates undergo a variety
of validated assessments of psychomotor skills,
visuospatial ability, and perception.

Training the Surgical Team

To meet the demands of increasingly complex health-
care associated with delivering high-quality, efficient
surgical care, the concept of the surgical team has
changed significantly [81]. No longer can the sur-
geon operate as a patriarchal figure issuing orders
with regard to all aspects of patient care. In order to
provide the highest quality holistic and efficient care,
surgeons must work collaboratively as equals with
nursing, allied health, other medical, and administra-
tive colleagues. Together this group of individuals
constitutes the surgical team with the shared goal of
delivering the best care possible for their patients.
Working within such an intricate system containing
so many moving parts poses another challenge to sur-
gical trainees beyond the pursuit of technical excel-
lence. Furthermore, traditionally, surgical training
programs focus little on training and assessing skills
required to be a proficient collaborator.

In 2008, the American College of Surgeons
(ACS) and Association of Program Directors in
Surgery (APDS) united to create Phase III of the
ACS/APDS National Curriculum [82]. Contained
within this was a course of team training modules
that incorporated a number of validated simulation
scenarios to be used with human patient simula-
tors. These modules were specifically designed to
teach a wide range of team-related competencies

including communication skills, critical language,
assertive and closed-loop communication, active
listening, and leadership. The scenarios involve
laparoscopic crisis, laparoscopic troubleshooting,
latex allergy anaphylaxis, patient handover, pre-
operating briefing, as well as trauma team training
[83]. Performance during the modules is assessed
by specific assessment tools, but other validated
nonproprietary instruments can also be used, such
as the NOTECHS (non-technical skills) scale [83]
and other frameworks [84]. Despite this, it has
been reported that 21 % of 117 surveyed program
directors were unaware of this curriculum [85].
Further, the implementation rate of Phase III was
only 16 % [85]; lack of faculty-protected time and
personnel, significant costs, and resident work-
hour restrictions were suggested as reasons for this
low figure [85].

Crew resource management (CRM) within
healthcare is a concept that describes the principles
of individual and crew behavior during ordinary
and crisis situations, and aims to optimize available
resources and develop skills in dynamic decision
making, interpersonal behavior, and teamwork that
lead to safe outcomes [86—88]. Emerging from
other high-risk industries, such as aviation, CRM
has been successfully applied to healthcare since
the mid-1980s with a number of variants and
hybrids being developed [89]. The development of
the Team Strategies and Tools to Enhance
Performance and Patient Safety (TeamSTEPPS™)
program, as a variation of CRM, by collaboration
between the Agency for Healthcare Research and
Quality and the United States Department of
Defence has provided a standardized evidence-
based curriculum for team training for healthcare
providers [90, 91]. At its core, TeamSTEPPS™
aims to teach four fundamental competencies that
constitute teamwork (leadership, situation moni-
toring, mutual support, and communication) with
the aid of patient scenarios, case studies, multime-
dia, and simulation [92]. Having been implemented
in multiple regional training centers around the
USA and Australia [93], the TeamSTEPPS™ pro-
gram has been shown to enhance teamwork within
the operating room, improving operating room effi-
ciency and reducing patient safety concerns in the
process [94, 95]. Additionally, it has been demon-
strated to increase perceptions and attitudes with
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regard to patient safety culture, teamwork, and
communication [42, 94, 96]. A recent study inves-
tigated the use of CRM within the surgical ward
environment, in which surgical trainees partici-
pated in simulated ward-based scenarios of a dete-
riorating postoperative patient before and after
CRM training [97]. CRM training improved clini-
cal assessment and decision making and resulted in
improvements in teamwork, communication, and
leadership [97].

Effective and efficient teamwork within the
operating room (OR) is crucial to prevent process
failures and adverse patient events during an
operation [98]. The OR team is further subdi-
vided into specialized collaborations that include
the surgical team (surgeon, surgical assistant, and
scrub nurse), anesthetic team (anesthesiologist
and anesthetic nurse), and theatre nursing staff
(scrub nurse and scout nurse) [81]. Teamwork
can have a huge impact in the OR on patient
safety and resulted in development of strategies
to reduce complications such as medication
errors, positioning errors, and more, and train
individuals to work efficiently and collabora-
tively not only within their own sub-team, but
also within the entire OR team. The development
of simulated ORs that replicate the entire OR
environment has provided a unique opportunity
[44] to cultivate a number of nontechnical skills,
including command, control, and conflict resolu-
tion teamwork [99]. Real equipment as well as
virtual reality and mannequin simulators are
incorporated into this simulated setting [100].
This allows trainee surgical, anesthetic, and nurs-
ing staff to interact and practice teamwork skills
together, while simultaneously performing tech-
nical tasks, during a variety of routine and crisis
scenarios, just as they would in “real life” [40,
99, 101]. Indeed, Gettman et al. demonstrated an
improvement of the teamwork, communication,
and laparoscopic skills of trainees undergoing
training within a simulated OR [102]. Further,
the simulated OR was validated as realistic and
representative of actual practice [102]. Other
studies have similarly shown the benefits of col-
laborative training within a simulator OR envi-
ronment on trainees’ nontechnical skills including
teamwork and situational awareness [103].
Widespread use of simulated ORs for training is

still limited due to a lack of appreciation of the
benefits of training, potential savings in opera-
tions, harm reduction, and building trust between
team members. Recently, virtual reality models
of the OR have been developed and used for team
training [104], but further research is needed to
appreciate the ethical dimension, effectiveness,
transfer of training and demonstrate the effect on
team skills on patient outcomes [105, 106].

Assessing Expertise

Surgical expertise encompasses a wide range of
competencies. Holistic analysis of a surgeon’s
professional and technical performance ideally
incorporates reliable assessments of these indi-
vidual competencies. Assessment of surgical
expertise must start with shared evidence driven
definitions and has been compartmentalized into
technical and nontechnical skills, with a variety
of methodologies developed to do this [107, 108].
Some of these are discussed below, but ulti-
mately, the most important and relevant measure
of expertise, using an expert performance and
assessment approach, [5] is a robust evaluation of
patient process and outcomes measures, both at
the level of the individual practitioner [109] and
at the microsystem level [84]. Just as error detec-
tion and analysis reflect expert performance by
an individual [110], the same strategy applied to
teamwork will yield dividends in terms of the
team’s collective expertise [40, 44].

Technical Skills

There are a multitude of methods for measuring
technical skills in surgery that use varying
degrees of complexity [111, 112]. These range
from measurement of simple metrics, such as
time and dexterity, through to global and
procedure-specific rating scales and error-based
checklists, as well as more complex assessments
of higher level cognitive function using gaze
tracking and functional brain imaging.

Motion analysis systems, such as the Imperial
College Surgical Assessment Device (ICSAD),
use an electromagnetic tracking system that
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monitors the motion through space of sensors
placed on the dorsum of the surgeon’s hands to
record a variety of dexterity parameters, such as
time to task completion and economy of motion
[99]. This system has been validated as an objec-
tive assessment tool, and can distinguish between
surgeons of differing skill levels [113, 114].
Likewise, virtual reality surgical simulators pro-
vide an opportunity for users to practice tasks of
varying complexity and produce similar objec-
tive measures of dexterity, as well as record errors
made, in real time. Not only have such models
been validated as accurate assessment tools, but
they have also been used to evaluate expert skill
level to generate performance goals for trainees
to practice within structured curricula [115, 116].
In contrast to the aforementioned dexterity
assessment tools, direct observational assessment
tools utilize rating scales to quantitatively assess
the quality of operative performance. Broadly
classified into global and procedure-specific rat-
ing scales, these tools require an observer to eval-
uate performance. Global rating scales, such as
the Objective Structured Assessment of Technical
Skill (OSATS) scale, assess generic operative
skills, such as respect for tissue and instrument
handling. The OSATS scale has been demon-
strated to be a reliable and valid method of assess-
ing operative skill in both the simulated and
actual operating room environment [114, 117].
Nevertheless, the lack of ability to provide feed-
back on specific aspects of a particular procedure
has led to the development of procedure-specific
rating scales. These allow objective assessment
of performance during individual operations to
define specific areas of weakness that then can be
practiced deliberately. Such tools have been
developed and validated for a number of opera-
tions including cholecystectomy, gastric bypass,
and colorectal, ear, nose, and throat, and cardiac
surgery [44, 114, 118-122]. In a landmark publi-
cation, Birkmeyer demonstrated that superior
performance by expert surgeons during gastric
bypass surgery—as assessed by a procedure-
specific rating scale—was associated with fewer
postoperative complications, reoperation rates,
readmissions, and, crucially, mortality [109].
More recently, more sophisticated methods of
assessing surgical skill have been developed, such

as gaze tracking and functional brain imaging. By
using stationary cameras or cameras integrated
into standard eyeglasses to record corneal reflec-
tion of infrared light, pupil position can be tracked
to generate a map of the surgeon’s focus of atten-
tion during surgery [84, 123]. Additionally, other
eye metrics can be obtained, including fixation
frequency and dwell time; these indicate the
degree of importance ascribed by the surgeon to a
particular stimulus. In addition, pupillary dilation
is a surrogate marker of effort and concentration.
Indeed, a recent systematic review concluded that
gaze tracking is feasible and valid as an objective
measure of ability, and can produce reliable quan-
titative data differentiating between varying levels
of surgical skill [123].

Similarly, the use of functional brain imaging
provides a novel approach to measuring surgical
proficiency. Functional magnetic resonance
imaging (fMRI) has been utilized in other highly
skilled domains such as sport and music [124,
125]. In a recent feasibility study using fMRI,
Morris measured the blood oxygen level-
dependent signal changes (BOLD) in specific
brain regions while subjects performed and imag-
ined performing hand tying of surgical knots
[126]. Decreased BOLD activity was observed
during knot-tying by experts when compared to
novices. Further, increased BOLD activity was
observed in experts when imagining performing
hand ties compared to novices. This study dem-
onstrated that using fMRI to assess surgical skill
was feasible and specific regions of interest were
identified through brain mapping.

Increasingly, attention has been directed to the
concept of the learning curve in surgery. As a
strategy, preoperative warmup and pre-procedure
rehearsal exercises performed by surgeons at all
levels of expertise lead to improved performance
during the operative procedure [24, 127], but also
serve to document a surgeon’s learning curve by
longitudinal analysis of repeated performance.

Nontechnical Skills

Nontechnical skills (NTS) encompass a range of
competencies, including communication, team-
work, leadership, decision making, situational
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awareness, managing stress, and coping with
fatigue. In contrast to methods of evaluating techni-
cal skills, the assessment of NTS almost exclu-
sively relies on rating scales and checklists that
include specific definitions and examples of behav-
iors representing superior or substandard perfor-
mance at each measured NTS. These tools can be
used in both the simulated and actual clinical envi-
ronment, and rely on direct observation of subjects.
Surgeons have been shown to be reasonably accu-
rate at self-assessing their technical skill, but lack
sufficient insight to accurately self-assess their own
NTS [128]. Several instruments have been created
to evaluate NTS with considerable overlap, demon-
strating the importance of some of these competen-
cies to a number of academic surgical teams. Some
of these instruments are discussed below.

One of the pioneering tools for NTS assess-
ment is the Observational Teamwork Assessment
for Surgery (OTAS) tool, which was developed in
2006 [129] to comprehensively assess the inter-
professional teamwork of an entire operating
room team, including communication, coordina-
tion, cooperation/backup behavior, leadership,
and team monitoring/situation awareness. While
it is valid and reliable, OTAS requires real-time
observation, and raters must be adequately
trained to use the scale [130].

Non-Technical Skills for Surgeons (NOTSS)
was also developed in 2006 through cognitive task
analyses with expert surgeons to identify five cate-
gories of NTS, including situational awareness,
decision making, task management, leadership, and
communication/teamwork [131]. While NOTSS
has been demonstrated as a reliable assessment of
surgeons’ NTS [132], novice assessors tended to
score lower than expert assessors, again indicating
the need for formal training in using NOTSS [133].
Crossley evaluated NOTSS as a real-world assess-
ment tool using a mix of minimally trained asses-
sors and demonstrated evidence to suggest that the
scale is reliable and feasible to be used in the actual
operating room [134]. Developed using a similar
methodology to NOTSS, the Anaesthetists’ Non-
Technical Skills (ANTS) and Scrub Practitioners’
List of Intraoperative Non-Technical Skills
(SPLINTS) rating scales have also been shown to
be reliable and valid in assessing NTS of anesthe-
tists and instrument nurses [135, 136].

The  revised  NOn-TECHnical  Skills
(NOTECHS) rating scale is a validated and reli-
able instrument adapted from the aviation indus-
try by Sevdalis and colleagues [137] for use in the
operating room, and designed to measure the NTS
of both the individual surgeon and the team as a
whole [138]. Categorizing NTS into five domains,
including communication/interaction, situational
awareness/vigilance, cooperation/team  skills,
leadership/managerial skills, and decision mak-
ing, the NOTECHS rating scale can be used in
real time and requires minimal prior training for
assessors [138]. Mishra developed the Oxford
NOTECHS, as a variant of the original scale, with
the aim of assessing the NTS of the entire operat-
ing room team [139], and a modified, higher reso-
lution version was subsequently developed, with
an increased number of performance indicators,
particularly in the normal spectrum of behavior
[140]. Further modifications of NOTECHS
include the trauma NOTECHS (T-NOTECHS),
which allows assessment of NTS that are crucial
for effective and efficient management of trauma
[141, 142]. Henrickson Parker and colleagues
conducted focus group discussions to identify
leadership characteristics of a surgeon [143].
These included maintaining standards, managing
resources, making decisions, directing, training,
supporting others, and coping with pressure.
From this, the Surgeons’ Leadership Inventory
(SLI) was developed and subsequently demon-
strated to be a reliable means of assessing leader-
ship with the operating room [143].

“Failure to rescue” patients whose condition
deteriorates during the postoperative course has
been suggested to be responsible for a large pro-
portion of variability seen in patient outcomes
within surgery. As stated previously, experts are
able to monitor and detect subtle deviations from
the usual postoperative course, and act swiftly to
prevent such failures. The ability to develop these
skills and conduct an efficient, accurate, and safe
ward round requires the same deliberate practice
required to master technical skills in the operat-
ing room. Recent development and validation of
the Surgical Ward care Assessment Tool (SWAT)
has enabled evaluation of patient assessment and
management by surgeons [144]. This instrument
comprises a checklist of assessment tasks, rang-
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ing from reviewing the vital signs chart and labo-
ratory test results to performing a physical
examination of the abdomen. Additionally, the
checklist includes a number of management
tasks, such as reviewing requirements for analge-
sia, antibiotics, and fluids. Further, the authors
modified the T-NOTECHS scale to produce and
validate the W-NOTECHS rating scale. For each
NTS domain—including leadership, coopera-
tion, resource management, communication and
integration, assessment and decision making,
global awareness, and coping with stress—five-
point Likert scales were used to rate performance.
Both the SWAT and W-NOTECHS scales have
been demonstrated to reliably assess performance
during ward rounds and provide structure for the
development of expertise in the art of conducting
a ward round through a cycle of objective assess-
ment and deliberate practice [145].

Entrustable Professional Activities

Judging when trainees are equipped for indepen-
dent unsupervised practice is a challenging
endeavor for both supervisors and trainees.
Premature unsupervised care can place patients
at an undue risk of harm, increasing the ethical
and legal accountability for the supervisor and
healthcare organization. A recent meta-analysis
[146] found that clinical supervision of medical
practitioners performing surgical procedures sig-
nificantly reduced the operative mortality by one-
third, and the risk of complications by two-thirds
following nonsurgical invasive procedures.
Further, giving trainees inappropriate respon-
sibilities can negatively affect their learning.
Conversely, affording capable trainees too little
independence can have a detrimental impact on
their ability to achieve competence and either
slow or arrest their development. Educational
psychologists describe both of these conditions
as “destructive friction” [147]. Giving trainees
the responsibility to perform tasks that are only
narrowly beyond the limits of their ability has
been suggested to stimulate learning and is
termed “constructive  friction” [147-149].
However, there is a lack of evidence to support
this in clinical practice [150]. Nevertheless, a

time must come for all trainees to practice inde-
pendently for the first time, and a number of solu-
tions to this difficult decision have been proposed.
One suggestion is to establish a requirement for
trainees to achieve a minimum number of
attempts, in order to overcome the learning curve
for a particular task, prior to allowing indepen-
dent practice [151]. A counterargument accounts
for the variable learning curves of different train-
ees and supports the use of careful consideration
and individualized assessment of trainee compe-
tency, stage of training, and appropriateness of
the patient for independent practice [152].

The term “entrustable professional activity”
(EPA), coined by ten Cate [153], describes pro-
fessional tasks that “together constitute the mass
of critical elements that operationally define a
profession.” Each EPA is defined as a unit of
work that trainees are required to master during
their training, but necessitate entrustment by their
supervisors once they are deemed competent for
independent practice. This concept was used by
ten Cate and Scheele [154] to define five levels of
responsibility of proficiency. These include:

Has knowledge

May act under full supervision

May act under moderate supervision
May act independently

May act as a supervisor and instructor

hAEE ol .

Further, they suggested the utilization of EPAs
as the backbone for competency-based curricu-
lum development, by awarding a “statement of
awarded responsibility” (STAR) for specific
EPAs, the threshold at which entrustment of inde-
pendent practice can be clearly demarcated and
formalized. At least four factors were hypothe-
sized as likely to influence such entrustment deci-
sions. Firstly, the type of EPA should be
considered. Supervisors should expect trainees to
have slow learning curves for complex, high-risk
EPAs, whereas those EPAs that are frequently
encountered by trainees should be associated with
a steeper learning curve. Secondly, supervisors
should consider the environment in which the
trainee is practicing: Are there adequate resources
available should a trainee fail the EPA? Does the
curriculum demand a STAR for the trainee’s stage
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of training? Thirdly, the supervisor must assess
and make a deliberate decision regarding each
individual trainee’s competence with each
EPA. Finally, the supervisor must be comfortable
with the EPA, as well as be able to assess the other
factors accurately and competently.

Allied to this, Choo et al. conducted a qualita-
tive analysis of the factors that influence how
supervisors’ and trainees’ perceptions of trust
impact decision making [155]. Some supervisors
reported using perceived trainee confidence as a
barometer of their true ability and comfort, while
others reported overconfidence, as defined by the
inability to recognize limitations, as a red flag for
the need for increased scrutiny. Indeed, the most
important trainee attribute that led to develop-
ment of supervisor trust was adequate medical
knowledge. Further attributes that contributed to
entrustment included demonstration of judge-
ment and applying evidence-based medicine,
leadership skills, anticipated specialty, and abil-
ity to recognize limitations. Additionally, several
supervisors described the use of an early litmus
test to determine the degree of entrustment
throughout the trainee’s rotation. An important
attribute highlighted by supervisors included the
quality and nature of the trainee’s communica-
tion skills. An inability to reliably or effectively
communicate patient status or supervisor con-
cerns was deemed as a reason for closer supervi-
sion. The clinical experience, knowledge base,
and personal involvement in patient care of the
supervisor also were demonstrated to play a role
in entrusting trainees with independent practice.
Supervisors deemed that increased case com-
plexity, presence of legal or ethical issues, and
greater urgency and severity of the clinical sce-
nario were drivers of more supervisor input.
Decision making with regard to patient discharge
and transfer was also seen as requiring greater
supervision, regardless of case complexity [156].
Other important factors with regard to entrusting
trainees to practice independently included those
that relate to the context and environment within
which the EPA occurs. This included physical
proximity of the supervisor, institutional culture,
work load, trainee experience and level, time of
day, and efficiency pressures. Additionally, team
dynamics also play a crucial role in entrustment

decisions. Good supervisor-trainee rapport within
a collaborative environment was more likely to
result in greater trainee autonomy.

Findings such as those mentioned above can
aid the development of evaluation tools to provide
structure for entrustment decisions and assess
whether trainees are ready to practice unsuper-
vised. Moreover, recognizing the varying learning
curves of trainees and utilizing EPAs and STARs
can allow the development of competency-based
curricula where training is flexible and learning is
not only safe [157] but of maximum benefit to the
trainee [158]. Multiple studies have demonstrated
that the information included in the Performance
Evaluation of surgical trainees moving from rota-
tion to rotation or from residency to fellowship
and onto jobs, can at times fail to reliably predict
residents/trainees’ future performance [159, 160].
This faulty transfer of information can lead to
harm when poorly prepared trainees fail out of
residency or, worse, are shuttled through the med-
ical education system without an honest account-
ing of their performance. Such poor learner
handovers likely arise from two root causes: (1)
the absence of agreed-on outcomes of training
and/or accepted assessments of those outcomes,
and (2) the lack of standardized ways to commu-
nicate the results of those assessments. To improve
the current learner handover situation, an authen-
tic, shared mental model of competency is needed;
high-quality tools to assess that competency must
be developed and tested; and transparent, reliable,
and safe ways to communicate this information
must be created. The CLASS model includes a
description of the learner’s Competency attain-
ment, a summary of the Learner’s performance,
an Action list and statement of Situational aware-
ness, and Synthesis by the receiving program.
This model also includes coaching oriented
towards improvement along the continuum of
education and care [161].

Future Directions

Surgical teams make fewer mistakes than do
individuals, especially when each team member
knows his or her responsibilities, as well as
those of the other team members. However,
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simply bringing individuals together to perform
a specified task does not automatically ensure
that they will function as a team. The role of the
clinical microsystem as the unit of training and
measurement is key. Surgical teamwork
depends on a willingness of clinicians from
diverse backgrounds to cooperate in varied
clinical settings (i.e., clinic, operating theatre,
intensive care unit, surgical wards) towards a
shared goal, communicate, work together effec-
tively, and improve.

To achieve high reliability and consistent per-
formance, each team member must be able to (1)
anticipate the needs of the others; (2) adjust to
each other’s actions and to the changing environ-
ment; (3) monitor each other’s activities and dis-
tribute workload dynamically; and (4) have a
shared understanding of accepted processes, and
how events and actions should proceed (shared
mental model).

Teams outperform individuals especially
when performance requires multiple diverse
skills, time constraints, judgment, and experi-
ence. Nevertheless, most people in healthcare
overlook team-based  opportunities  for
improvement because training and infrastruc-
ture are designed around individuals and incen-
tives are all individual based. Teams with clear
goals and effective communication strategies
can adjust to new information with speed and
effectiveness to enhance real-time problem
solving. Individual behaviors change on a team
more readily because team identity is less
threatened by change than are individuals.

Future work should continue to evaluate the
selection, upskilling, timing, duration, and impact
of sustainability of team training. This includes
evaluating the impact of team training on patient
safety outcomes, evaluating team training in
other settings (e.g., emergency department, out-
patient surgical care settings), examining the
comparative effectiveness of different methods
for delivering team training, and examining
implementation methods to support sustaining
behavior changes achieved through training. For

example, there is little evidence available to date
that provides insight into the frequency of retrain-
ing or dedicated practice needed to develop and
maintain effective teamwork skills. Additionally,
there is a need to examine how dynamic team
composition (i.e., changes in team membership,
absence of key members) moderates team pro-
cesses and the effects of team training.

Turning surgical care experts into expert
teams requires substantial planning and practice.
There is a natural resistance to move beyond indi-
vidual roles and accountability to a team mindset.
One can facilitate this commitment by (1) foster-
ing a shared awareness of each member’s tasks
and role on the team through cross-training and
other team training modalities; (2) training
members in specific teamwork skills such as
communication, situation awareness, leadership,
“follower-ship,” resource allocation, and adapt-
ability; (3) conducting team training in simulated
scenarios with a focus on both team behaviors
and technical skills; (4) training team leaders in
the necessary leadership competencies to build
and maintain effective teams; and (5) establish-
ing reliable methods of team performance evalu-
ation and rapid feedback.

The roadmap for future research must include
how expertise is developed and sustained and
how teamwork training should be structured,
delivered, and evaluated to optimize patient
safety in the perioperative setting. For teamwork
skills to be assessed and have credibility, team
performance measures must be grounded in team
theory, account for individual and team-level per-
formance, capture team process and outcomes,
adhere to standards for reliability and validity,
and address real or perceived barriers to measure-
ment. The interdisciplinary nature of work in the
perioperative environment and the necessity of
cooperation among the team members play an
important role in enabling patient safety and
avoiding errors. Training team leaders and surgi-
cal teams in this manner will lead to better satis-
faction, joy at work, and reduced burnout of
surgical team members.
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