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Abbreviations

ACEP Army Center for Enhanced Performance
AHRQ Agency for Healthcare Research and 

Quality
CEP Center for Enhanced Performance
CSF2 Comprehensive Soldier and Family Fitness 

program
LC Laparoscopic cholecystectomy
MI Mental imagery
MSC Mental skills curriculum
OSATS Objective structured assessment of techni-

cal skills
SMART Stress-management and resilience training
STAI State-Trait Anxiety Inventory
TeamSTEPPS Team Strategies and Tools to Enhance 

Performance and Patient Safety
USMA US Military Academy
VR Virtual reality

 Introduction

High-level surgical performance is characterized by a mas-
tery of extensive and ever-evolving knowledge, skills, and 
abilities to accurately diagnose illness and disorders in the 
body and offer direct treatment interventions [1]. Inherent 
components of successful surgical performance include 
executing intricate technical details flawlessly, maintaining 
concentration on relevant information amidst environmental 

distractions, communicating effectively with the surgical 
team, balancing attention, and sustaining sound clinical 
judgment. Surgeons must execute exceedingly difficult sur-
gical procedures safely under challenging clinical situations 
that can impair cognitive and physical function in less profi-
cient performers [2–4]. Thus, it is apparent that there can be 
significant differences in individual and intraprofessional 
surgical performance dependent upon proficiency at execut-
ing the aforementioned factors, experience, and manage-
ment of the psychophysiological demands of surgery. In an 
effort to reduce the variability in surgeons’ performance, we 
will provide an operational definition of performance opti-
mization, briefly discuss the process of skill mastery, outline 
programs designed to optimize performance in other high-
stakes domains, identify how cognitive performance-
enhancing strategies have been implemented in surgery, and 
consider the future of performance optimization in surgical 
education.

 Performance Optimization

 Individual Performance

Our definition of performance optimization is having the 
clarity and knowledge of what comprises expert performance 
and skill mastery in a specific domain and utilizing tech-
niques and competencies to work toward consistently exe-
cuting performance at that standard. Expert performance in 
any domain is context-specific, but it can generally be con-
sidered as consistently exceptional or extremely good perfor-
mance that is in the uppermost range of a normalized 
performance distribution (see Fig. 1) [5].

Salthouse (1991) contends that aside from the obvious 
knowledge gaps between experts and novices, experts are 
free from information processing constraints, as they are 
able to use past experiences to manage expectations for per-
formance, focus attention on relevant information, and 
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develop a deeply structured understanding of how knowl-
edge is interrelated, allowing for easy assimilation into per-
formance [5]. Moreover, experts are able to consistently 
execute exceptional performance regardless of internal or 
external conditions. In order to masterfully execute skills in 
variable conditions, experts have likely developed tech-
niques and competencies to reliably perform their best. 
Accordingly, the goal of interventions to facilitate individ-
ual performance optimization should focus on reducing the 
learning curve to attain the trainable elements of expertise 
and to consistently enable high-level performance irrespec-
tive of situational barriers.

 Performance of the Team

Due to the inherent integration of most occupations, effec-
tive participation in groups and teams is a fundamental ele-
ment of many performance contexts. Groups, defined by a 
common purpose, are comprised of individuals that influ-
ence each other and the ultimate performance of the group 
profoundly [6]. Group cohesion is the fundamental property 
of team performance that can ultimately impact interper-
sonal dynamics, communication, and individuals’ commit-
ment to the group’s goals.

Cohesiveness is essentially the tendency of a group to 
remain unified in the quest for completion of its objec-
tives, and it is impacted by situation factors (e.g., prox-
imity), personal factors (e.g., individual satisfaction 
within the group), leadership factors (e.g., interrelation-
ship of the leader with other members of the group), and 
team factors (e.g., clearly defined roles) [6]. Effective 
teams share a common mental model of knowledge about 
relevant environmental factors that represents their abil-
ity to share understanding about a situation and engage in 
intentional and coordinated efforts to accomplish their 
common goal [7]. In order to optimize the performance 

of the team, it is critical to enhance these factors, as they 
will ultimately impact the effective pursuit of the team’s 
goal.

 Surgery-Specific Performance Optimization

In 1999, the Institute of Medicine released a report estimating 
between 44,000 and 98,000 deaths occur annually in hospitals 
in the United States directly resulting from medical errors [8]. 
Additionally, the Joint Commission reported in 2006, more 
than 60% of sentinel events in healthcare are caused by poor 
communication [9]. In a recent survey of 72 surgeons (i.e., 
residents and attendings) at an academic medical institution, 
40% of respondents reported they had witnessed an intraop-
erative complication directly resulting from the primary sur-
geon’s stress level [10]. These numbers are alarming, as the 
errors are largely preventable. As previously outlined, surgery 
is an incredibly cognitively demanding profession, and those 
cognitive demands can exceed one’s ability to manage them 
which ultimately leads to stress [2–4]. In a study of the effects 
of stress on surgical performance, Wetzel et al. (2006) found 
that stress can impact surgeons’ manual dexterity, emotional 
control, decision-making ability, and communication with the 
surgical team [4]. However, in their review of the impact of 
stress on surgical performance, Arora et al. (2010) found that 
surgeons who utilized stress-coping skills were able to miti-
gate the negative effects of stress better than surgeons who did 
not utilize these skills [2]. Similarly, communication break-
downs throughout the continuum of surgical care have been 
identified as significant barriers to favorable patient outcomes 
and can directly lead to patient harm [11]. Still, communica-
tion breakdowns can also be averted through interventions 
such as medical team training [12]. Another barrier to surgical 
performance being more closely examined is surgeon burnout. 
Burnout, a psychological condition characterized by deper-
sonalization, emotional exhaustion, and low perceived per-
sonal accomplishment, is strongly correlated with major 
medical errors committed by surgeons [13]. Similar to acute 
stress and communication breakdowns though, it is possible to 
facilitate skills to counteract burnout by enhancing physician 
resilience and psychological well-being [14].

It is clear that within healthcare, a domain with such high- 
stakes situations, performance lapses can directly reduce 
patient safety and ultimately lead to heightened mortality. It 
is also evident there are skills surgeons can develop at the 
individual and team level to prevent lapses in performance. 
Thus, it is incredibly important to identify methods of opti-
mizing these skills, and subsequently, surgical performance 
at the individual and team level, as this can reduce the poten-
tial for errors and increase patient safety.
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Fig. 1 Visualizing expertise through normalized performance 
distribution
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 Skill Mastery

 Defining Expert Surgical Performance

Abernethy et al. (2008) explain that expert surgical perfor-
mance is defined by mastery of self-monitoring perceptual, 
motor, attentional, and cognitive attributes of performance 
[15]. The authors point out that through extensive experi-
ence, deliberate practice, and study, expert surgeons develop 
high-level sensitivity to cognitive and technical errors and 
formulate schemas to correct these errors quickly. Likewise, 
experts develop highly attuned pattern-recall and perceptual 
discrimination (i.e., between normal/safe and abnormal/
unsafe situations) which contributes to their anticipation of 
imminent situations with limited information.

Expert surgeons also display the ability to make more 
efficient, economical motor movements (i.e., subtle, smooth 
movements, exerting force only when required) during sur-
gery than less experienced surgeons, which allows them to 
resist operative fatigue more effectively [15]. Further, experts 
display an ability to automate actions, which allows them to 
balance attention between multiple relevant sources of infor-
mation. Expert surgeons also have more comprehensive 
declarative and procedural knowledge to intervene and solve 
problems than non-experts. This is characterized by forward- 
thinking reasoning (i.e., highly structured progressive infer-
ences to facilitate diagnostic solutions based on 
pattern-recognition and high-level clinical reasoning). In 
addition to these elements of surgical expertise, several cog-
nitive factors have been cited as important characteristics for 
performance excellence in surgery [16].

McDonald et al. (1995) interviewed 33 highly proficient 
surgeons; and participants reported that mental readiness for 
surgery was a greater determinant of successful performance 
than technical or physical readiness [16]. Furthermore, par-
ticipants explained that several mental factors are imperative 
for surgical success. These include self-belief and confi-
dence, positive mental imagery, full focus, distraction con-
trol, commitment and motivation, and constructive 
self-evaluation.

The goal of surgical education is to help trainees develop 
high-level proficiency in all of the aforementioned nontech-
nical skills. However, due to the extensive amount of experi-
ence necessary to execute these knowledge, abilities, and 
skills expertly, there is an apparent need to identify tech-
niques and competencies to optimize trainees’ performance 
in order to expedite the learning curve of mastering surgical 
proficiencies. Surgical simulation training, consisting of 
deliberate practice and effective feedback, could be a strat-
egy to reduce the learning curve to attain surgical expertise 
and maintain expertise through continued training.

 Deliberate Practice

Skill mastery exists on a continuum from cognitive, to asso-
ciative, to autonomous phase. The cognitive phase is the ini-
tial phase of learning a skill, characterized by a high-level of 
instruction and conscious effort to think through procedural 
steps by learners. The associative phase is the intermediate 
level of learning, defined by skill refinement, and less cogni-
tive effort during performance. The autonomous phase is the 
advanced phase of learning highly automatic skill execution, 
with very little conscious thought on procedure steps, and 
freedom to direct attention to other relevant information for 
performance (see Fig. 2) [17]. Expertise and skill mastery, 
the highest performance standard in any domain, cannot be 
simplified as the result of innate ability or experience alone 
[18]. While natural aptitude for a particular skill set or exten-
sively acquired experience are certainly contributing factors 
to expertise, Ericsson et al. (1993) argue that the process of 
attaining the maximal possible level of performance in a 
given domain, even for highly experienced performers, can 
result from deliberate efforts to practice skills and improve.

The process of deliberate practice consists of motivation 
by learners to exert effort to improve skills, immediate and 
informative performance feedback from an external source, 
and awareness of their performance results [18]. Upon attain-
ing basic competency at a skill, learners should be given the 
opportunity to learn individualized problem-solving and 
critical-thinking methods to correct performance deficits on 
their own through additional practice. This process has been 
shown to increase speed, accuracy, and performance of 
motor, cognitive, and perceptual tasks, which are all hall-
marks of expert surgical performance [15]. Simulation-based 

Cognitive stage

Associative stage

Autonomous stage

• High level of cognitive effort and conscious thought 
  of procedural steps
• Significant amount of instruction needed to execute 
  skills

• Skill refinement stage

• Highly-automatic skill execution
• Very little conscious thought on procedural steps

• Freedom to direct attention elsewhere

• Some cognitive effort and conscious thought 
  required for skill execution

Fig. 2 Summary of Fitts and Posner’s (1967) three-stage theory of 
motor skill acquisition
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medical education may offer learners at all levels of experi-
ence an opportunity for deliberate practice to learn and 
acquire surgical skills or optimize their proficiency of 
already-learned surgical skills.

Indeed, a meta-analytic review of the effectiveness of 
simulation-based medical education featuring deliberate 
practice found that simulation training with deliberate prac-
tice is superior to standard clinical training programs in the 
acquisition of a variety of skills, including laparoscopic sur-
gery [19]. Even for expert surgeons, deliberate practice 
through simulation training may offer an opportunity to pre-
vent arrested development or decline of skills and to con-
tinue to develop and improve as a function of continual 
refinement of advanced cognitive processes attaining greater 
control during performance [20]. However, individual prac-
tice alone may be insufficient to aid a performer in attaining 
expertise in a particular domain. Rather, this process can be 
enhanced further at any level of skill mastery through objec-
tive feedback and performance coaching.

 Value of Objective Feedback and Coaching

Feedback is a critical method of performance optimization 
for performers at any level, as it offers insight into the defi-
cient mechanics of a particular skill that require improve-
ment or highlights positive areas of performance that should 
be replicated in future performances. There are two sources 
of feedback: intrinsically based, which involves self- 
assessment of skill relative to the intended goal of the task, 
and augmented feedback, which consists of information pro-
vided by an external source that supplements intrinsic feed-
back [21]. The information gained from feedback can serve 
to motivate a performer to maintain effort in practice, rein-
force desirable behavior or punish undesirable behavior, and 
can identify errors, then methods to correct, performance.

Coaching, the act of empowering performers to achieve 
improved performance through personal growth and self- 
directed learning, involves a collaborative relationship 
between a learner and a mentor where the mentor provides 
augmented feedback to optimize the learner’s performance 
[22]. Effective augmented feedback consists of information 
that is relevant, immediate, factual, confidential, respectful, 
helpful, tailored, and encouraging [23]. In the scope of skill 
mastery and developing expertise, augmented feedback is 
most impactful to enhance learning of new skills during the 
cognitive phase of skill mastery, whereas expert performers 
in the autonomous phase of skill mastery learn to develop 
highly effective self-monitoring systems to gather intrinsic 
feedback to fine tune performance as needed [19], which is 
one of several important characteristics of expert surgical 
performance [15].

Nonetheless, attaining and maintaining expertise is an 
arduous process as outlined throughout this section. The lit-

erature suggests that less experienced surgeons may be sus-
ceptible to experience drastically deteriorated performance 
due to heightened stress and an inability to adaptively cope 
with the demands of those difficult situations due to their 
lack of expertise [2]. Also, even expert surgeons may experi-
ence performance declines due to complacency and lack of 
skill maintenance [18], which may be further exacerbated by 
challenging clinical situations. This potential deficiency in 
the performance of less experienced and expert surgeons 
alike highlights the additional need to offer methods to 
enhance surgical performance that can be practiced deliber-
ately, during surgical simulation training. Cognitive skills, 
often implemented by elite performers in other domains, 
may offer surgeons at all levels of expertise reliable tech-
niques to optimize their performance.

 Performance Optimization Training

In order to perform a successful surgery, surgeons must uti-
lize both technical and nontechnical skills. While technical 
skills represent the execution of physical actions required for 
surgical performance, nontechnical skills are considered to 
be the social skills (e.g., communication, leadership), per-
sonal resource factors (e.g., stress-coping skills), and cogni-
tive skills (e.g., situational awareness, decision-making) 
which supplement technical skills to aid in efficient and suc-
cessful surgical performance [24]. For our purposes, and for 
the sake of simplicity, the term “cognitive skills” will refer to 
trainable psychological abilities that underpin successful 
learning and performance, which encompasses stress-coping 
strategies, techniques to develop and maintain awareness, 
and effective decision-making, among other proficiencies 
[25]. Importantly, cognitive skills consist of psychological 
strategies and competencies designed to help performers 
consistently achieve their ideal cognitive state for perfor-
mance [26] and have been implemented extensively in high- 
stress domains outside of medicine to address the cognitive, 
behavioral, emotional, and psychophysiological barriers to 
excellent performance [27]. The effectiveness of these skills 
in other domains may offer important insights into methods 
of optimizing the performance of surgeons.

 Military

It is widely known that tactical operators (e.g., Army 
Soldiers, Special Forces, etc.) within the military face some 
of the most arduous, stressful, and mentally demanding work 
environments relative to the norm. They are tasked to per-
form at an extremely high standard, as they must make split 
second decisions that can mean the difference between life 
and death. As is the case with expert surgeons, expert mili-
tary professionals have acquired both technical and nontech-
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nical abilities that lead to consistently high performance. 
Recognizing the need to provide operators with the cognitive 
skills to effectively cope with and manage the physical and 
psychological demands, many various military organizations 
deliberately train tactical operators in this capacity.

In 1993, the United States Military Academy (USMA) 
established the Center for Enhanced Performance (CEP) that 
focused on training mental skills to cadets in order to enhance 
their performance in the classroom, in athletics, and in their 
military training. As these graduates assumed leadership 
positions in the Army, they noticed that little was being done 
throughout the force to teach soldiers these cognitive skills. 
As the need grew and the value was recognized, the Army 
established the Army Center for Enhanced Performance 
(ACEP) in 2006. ACEP (now the Comprehensive Soldier and 
Family Fitness program, CSF2), through expert practitio-
ners, teaches cognitive skills and competencies (e.g., goal 
setting, mental imagery, attention control, optimism, confi-
dence, energy control, etc.) to soldiers in order to enhance 
their mental toughness and resiliency, thereby enhancing 
their performance on and off the battlefield [28, 29]. Various 
research studies have demonstrated positive effects in terms 
of performance as compared to control groups, knowledge of 
and use of mental skills, and resilience [28, 30, 31].

The Special Operations Command of the US Military also 
recognized the need for systematic training and development 
of cognitive skills to enhance performance, resilience, and 
overall well-being [32]. In 2014, the preservation of the 
CSF2 program was developed to help special operators and 
their families maintain and improve readiness, effectiveness 
in the battlefield, and long-term well-being. The program 
takes a holistic approach through training special operators 
in four domains of physical, spiritual, mental, and social 
well-being. The approach involves an interdisciplinary team 
comprised of strength and conditioning coaches, athletic 
trainers, physical therapists, dieticians, sport psychologists, 
and licensed clinical social workers.

In general, the military takes a developmental approach to 
training tactical operators. A common phrase outlining their 
approach is “crawl, walk, run,” which aligns nicely with the 
theory of deliberate practice. In the “crawl” stage, learners 
are given a description and purpose of the task or skill, 
description of performance standards, visual demonstration 
of the skill, and any necessary information required to exe-
cute the skill. In the “walk” stage, learners practice the skill 
in a slow, step-by-step pace, receive feedback throughout, 
and practice the skill until they can complete it entirely with-
out feedback or coaching (i.e., akin to the cognitive and asso-
ciative phases of deliberate practice). In the “run” stage, 
learners execute the skill at full speed under realistic battle-
field conditions (akin to the autonomous stage of deliberate 
practice). In this stage, the military often relies on various 
forms of simulation to generate battlefield conditions with-
out battlefield risk [33]. As the learner moves through the 

stages, the levels of challenge, stress, and pressure increase 
in order to test their ability under conditions they might face 
in the battlefield, which can be incredibly challenging and 
stressful [34]. Importantly, when learners reach the stage of 
learning where they participate in more advanced tactical 
simulations, they are less cognitively focused on the execu-
tion of the skill and able to apply those mental resources 
elsewhere (e.g., critical thinking and problem-solving).

 Elite Athletics

Historically, performers’ use of cognitive skills has received 
the most attention in elite athletics. Dating back to Coleman 
Griffith’s (1928) work to study the psychology of sport and 
his application of psychological principles to enhance the 
performance of athletes [35], cognitive skills have been 
acknowledged as crucial elements of performance excel-
lence in sport [26]. The US Olympic Committee first estab-
lished a sport psychology program in 1983 [36], and since 
that time, cognitive skills training has been a prominent part 
of the training regimen for champion athletes.

Gould et al. (2002) interviewed ten Olympic champion ath-
letes (representing nine disciplines) to determine what psy-
chological factors had influenced their athletic performance 
[37]. The authors determined that cognitive skills such as 
mental imagery and rehearsal (i.e., mentally rehearsing a per-
formance), arousal regulation (i.e., relaxation and activation 
skills to allow to optimize arousal levels), goal setting (i.e., 
setting effective goals for performance), attention manage-
ment (i.e., maintaining focus and concentration), and well-
developed action plans for competition (i.e., to directing 
thoughts and behaviors) are being used regularly by Olympic 
champions. Importantly, while these champion athletes 
reported they had learned some of these skills serendipitously 
through self-development, direct cognitive skills training from 
coaches and sport psychology consultants were important fac-
tors in their performance excellence. Cognitive skills training 
to optimize athletic performance has also been conducted 
effectively with professional athletes [38], collegiate athletes 
[39], and junior athletes [40], which highlights the applicabil-
ity of this type of training across levels of experience.

 Aviation

Similar to the expectations for surgeons and healthcare pro-
viders, pilots and cockpit crews are expected to consistently 
perform without errors, as the stakes for potential errors are 
extremely high [41]. The similarities of these fields extend to 
the benefit of deliberate practice through simulation training 
for skill mastery, as simulator-based decision-making training 
has been shown to enhance pilots’ skills at all levels (i.e., 
depending on the fidelity of the simulation) and decision- 
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making [42, 43]. However, unlike the culture of healthcare 
where the acknowledgement of performance errors and the 
factors that contribute to it (e.g., stress, fatigue, interpersonal 
and team-related issues) has traditionally been discouraged, 
the aviation industry has created a culture where errors are 
acknowledged and dealt with effectively [41]. Furthermore, 
cognitive skills training programs to optimize performance, 
manage stress effectively, and maintain situational awareness 
(i.e., attention management), as well as team-based training to 
enhance teamwork and communication (i.e., based in human 
factors training), and manage crisis situations, effectively have 
been implemented with regularity.

Situational awareness has been identified as a significant 
component of effective decision-making in pilots, as it allows 
individuals to balance attention between the various relevant 
environmental elements, comprehend situational factors 
based on individual elements, and project the future status of 
a situation based on these factors [44]. Endsley and Robertson 
(2000) explain that one component of enhancing aviation 
teams’ situational awareness is to train individuals in cogni-
tive and team-based skills in attention and thought manage-
ment to reduce the impact of distractions, to develop action 
plans for contingencies, attention sharing and communica-
tion with others, and information seeking/filtering [45]. The 
authors developed a team-based situational awareness pro-
gram that focused, in part, on implementing these skills to 
help individuals manage distractions, improve their situa-
tional awareness, and enhance teams’ communication and 
vigilance. The large majority of participants (89%) rated the 
skills as “very useful” or “extremely useful,” and at least 
50% of participants reported a moderate behavioral change 
in their use of the skills taught through the program. There 
have also been attempts to implement cognitive skills to opti-
mize the performance of military pilot trainees.

Military pilots are routinely confronted with challenging 
and stressful performance situations that require them to 
manage stress and thought processes effectively to optimize 
performance [46]. Fornette et  al. (2012) implemented a 
cognitive- adaptation program with military pilot trainees in a 
randomized controlled study design, which implemented 
mindfulness and cognitive restructuring techniques. 
Mindfulness techniques are essentially strategies designed to 
increase awareness by maintaining open attention in the 
present moment and reserve judgment or visceral reactivity, 
whereas cognitive restructuring techniques aim to reprogram 
how we perceive or think about a particular situation which 
can lead to more positive and adaptive thoughts during 
stressful situations [46]. The authors found that trainees who 
had below-median performance prior to the intervention sig-
nificantly improved their in-flight performance after 
cognitive- adaptation training, and 70% of all intervention- 
group trainees reported they were able to lower their in-flight 
stress more effectively after training. McCrory et al. (2013) 
introduced a cognitive skills training program consisting of 

goal setting, imagery, and attention management during cog-
nitive skills coaching sessions with military pilot trainees to 
enhance their confidence to operate the aviation equipment 
and manage stress [47]. At the conclusion of the study, par-
ticipants displayed significantly increased confidence, 
reduced anxiety, and increased self-regulatory behavior 
(flight planning, remembering flight brief information, con-
tingency planning, etc.).

 Lessons Learned for Surgical Education

There are several important factors related to effective cogni-
tive and team-based skills training that can be extracted from 
high-pressure domains and applied to surgical education. For 
example, team-based skills training has consisted of teaching 
learners methods to communicate effectively and sharing 
mental models and information to enhance teams’ collective 
situational awareness [45]. Cognitive skills training has 
aimed to teach learners skills and competencies such as 
methods of developing effective goals and action plans for 
performance, mental imagery/rehearsal, attentional and 
thought control, situational awareness, optimism, methods to 
build confidence, energy management, mental toughness, 
and resilience [31, 37, 46, 47].

These skills are often implemented during simulation 
training where deliberate practice can be applied to facilitate 
the integration of these techniques as habits for performance 
as learners transition through the stages of learning. The 
development of these skills as performance habits frees up 
cognitive processing for problem-solving and decision- 
making in more advanced training scenarios [32, 47]. 
Furthermore, research with soldiers and Olympic athletes 
suggests that cognitive skills coaching from trained coaches 
and sport psychologists is an important source to help these 
performers learn how to use cognitive skills effectively [32, 
37, 47]. These factors are important considerations when 
determining best practices of applying team-based and cog-
nitive skills with surgeons. It is important, though, to identify 
how these skills have already been implemented in surgical 
education. This will help determine potential areas of 
improvement for nontechnical skills training.

 Current State of Team-Based and Cognitive 
Skills Training in Surgery

 Optimizing Team Performance

Effective teamwork is an incredibly important factor contrib-
uting to surgical success and ultimately patient outcomes 
[48–50]. There are several salient elements of effective surgi-
cal team performance, which have been discussed previously 
in this chapter but include leadership and understanding of 
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roles, mutual performance monitoring, shared mental mod-
els and anticipation of needs, adaptability, common purpose 
(i.e., and placing that purpose above individual goals), and 
closed-loop communication [51]. Traditionally, surgical 
training has focused on enabling surgical trainees to improve 
their individual technical skills, but relatively little work has 
been done to enhance these interpersonal, team-based skills 
that are critical to the optimal performance of the entire sur-
gical team [7]. One of the most significant advances in team 
training within healthcare has been the development of the 
Team Strategies and Tools to Enhance Performance and 
Patient Safety (TeamSTEPPS) [51].

TeamSTEPPS is a didactic-based curriculum that can 
assist healthcare systems to develop effective clinical teams 
and is available nationally through the Agency for Healthcare 
Research and Quality (AHRQ) [51]. The curriculum is deliv-
ered via five educational modules which help learners iden-
tify and understand the benefits of team training and teach 
them skills and competencies to enhance their leadership, 
communication, situational awareness and monitoring, and 
mutual support. In a randomized controlled study of this pro-
gram’s effectiveness on multiple levels of healthcare pro-
vider performance (i.e., perception about ability to implement 
teamwork concepts in performance, learning of teamwork 
concepts, observed teamwork behaviors, and self-reported 
use of teamwork behaviors), the TeamSTEPPS-trained pro-
viders significantly enhanced their perceptions of their abil-
ity to perform teamwork behaviors, enhanced their 
performance on a written test of optimal teamwork behaviors 
(i.e., learning), increased their quality and quantity of preop-
erative case briefings and the quality of teamwork behaviors, 
and demonstrated positive changes in the culture of patient 
safety [52]. Gardner and Scott (2015) explain that simulation 
training may further optimize the effectiveness of team- 
based training, as surgical teams can be aided in the deliber-
ate practice and mastery of these important interpersonal 
factors through contextually accurate environments and 
didactic reflection on best practices of team dynamics [7].

Leadership has also been recognized as an important fac-
tor in the performance of surgical teams [53]. Poor leader-
ship from the primary surgeon, characterized by vague and 
ineffective communication, expression of frustration, poor 
situational awareness, and poor planning, is highly corre-
lated with avoidable surgical errors [54]. Conversely, effec-
tive leadership consists of emphasizing the team’s collective 
goal, displaying motivation and enthusiasm, creating learn-
ing opportunities for teammates, forming bonds with team-
mates, engaging teammates to gather additional perspectives, 
and considering individual abilities and needs [53, 55]. 
Formal leadership training for experienced surgeons has 
been effective, as the majority of 21 surgeons who partici-
pated in a leadership training program felt that the program 
was effective and encouraged self-reflection to improve defi-
cient intraoperative behaviors [56].

Surgical residents could greatly benefit from leadership 
training incorporated during simulation training, due to the 
limited opportunities for trainees to practice these skills in 
the clinical environment [57]. Bearman et al. (2012) imple-
mented a 2-day nontechnical skills training course with 12 
surgical residents which featured practice of intraoperative 
communication (e.g., identifying challenges and benefits, 
briefing, debriefing, task-focused communication, graded 
assertiveness) and role delegation (i.e., important elements 
of surgical leadership), during advanced cardiac life support 
simulation exercises. The authors found that all participants 
reported that all of the leadership skills taught and the simu-
lation scenarios were valuable educational tools to enhance 
their nontechnical skills.

The findings of the few studies implementing teamwork 
and leadership skills during surgical simulation training have 
found promising results. However, based on the relatively 
limited research of the impact of these nontechnical skills on 
surgical performance, it is clear that much more work needs 
to be done to implement these skills in randomized con-
trolled studies.

 Optimizing Individual Performance

While teamwork and leadership skill development largely 
occur outside of the simulation lab, cognitive skills, like 
those psychological tools and strategies implemented in the 
military, in aviation, and in elite athletics, have begun to be 
implemented during surgical simulation training to optimize 
the individual performance of surgeons. While research on 
the effects of cognitive skills in surgical education is in its 
infancy, the literature is indicative that cognitive skills train-
ing may be an effective supplement to technical skills train-
ing [58–68].

In spite of the recognized importance of multiple psycho-
logical factors in successful surgical performance [16], sur-
gical education researchers have primarily focused on 
implementing only one cognitive skill with learners, mental 
imagery (MI). Synonymous with mental rehearsal and men-
tal practice, MI is the process of creating quasi-sensory 
imagined experiences, which exist in the mind in the absence 
of those physical stimulus conditions, which can produce 
genuine sensory and perceptual experiences [67, 68].

For surgical novices, Arora et  al. (2011) demonstrated 
that a group who received MI training in addition to physical 
practice during simulated laparoscopic cholecystectomy 
(LC) training significantly outperformed controls that 
received physical practice alone and had a shorter learning 
curve of the procedure [58]. Arora et al. (2011) discovered 
participants reported significantly lower stress compared to a 
control group (measured subjectively with the State-Trait 
Anxiety Inventory (STAI) and objectively displayed lower 
stress (measured with heart rate and cortisol levels) [59]. In 
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regard to optimizing the technical and nontechnical perfor-
mance of surgical trainees, Komesu et al. (2009) found that 
obstetrics and gynecology residents who received MI train-
ing on the procedural steps of a cystoscopy significantly out-
performed controls based on objective measures of surgical 
performance and considered MI to be a more useful pre- 
performance preparation strategy than reading a standard 
textbook [60]. MI may also be an effective tool to enhance 
trainee’s teamwork, as emergency, anesthesia, and surgery 
residents who received MI training significantly enhanced 
their teamwork during a simulated trauma resuscitation sce-
nario compared to controls who only received technical 
training [61].

MI may also be an effective tool for continuing education 
of experienced surgeons. Immenroth et al. (2007) conducted 
a randomized controlled study with 98 experienced sur-
geons undergoing laparoscopic training and assigned par-
ticipants to a MI group, an additional technical training 
group, and a control group [62]. Results indicated that LC 
performance on a physical simulator was significantly 
higher at posttest for the MI group, who reported that MI 
was a valuable tool in their education. Patel et  al. (2012) 
found that vascular surgeons who received MI training had 
significantly less intraoperative errors during critical stages 
of arterial procedures [63].

Results from the research implementing MI with surgical 
novices, slightly more experienced trainees, and experienced 
surgeons have largely indicated that MI is an effective train-
ing tool [58–63]. In addition to the implementation of MI, 
there have been some, albeit significantly less, attempts to 
incorporate more comprehensive cognitive skills training in 
surgical education.

Maher et  al. (2013) implemented a stress management 
program with first- and third-year surgical residents who 
were asked to perform a high-stress patient care simulation 
module [3]. The stress management group received training 
in energy and attention management techniques and 
MI. While differences in technical performance were not sta-
tistically significant, there was a trend toward enhanced per-
formance (i.e., measured with OSATS) for the experimental 
group, and the stress management training program was 
rated as valuable by 91% of participants. In a randomized 
controlled study that implemented a stress management 
intervention with experienced surgeons, the experimental 
group displayed significantly increased observed teamwork 
(i.e., measured with the Observational Teamwork Assessment 
for Surgery), increased stress-coping skills (i.e., measured 
with the Surgical Coping Questionnaire), and reduced stress 
(i.e., measured with heart rate variability) compared to con-
trols [4]. Experimental group participants also displayed 
improved technical skills, confidence, and decision-making 
after this training.

Recently, a novel and comprehensive mental skills cur-
riculum (MSC) has been developed to reduce surgical train-
ees’ stress and enhance their performance [64–66]. A 
multidisciplinary team consisting of a surgeon educator with 
extensive experience in simulation-based research, a perfor-
mance psychologist with extensive experience in mental 
skills training, and an education psychologist with expertise 
in instructional design collaborated to develop the curricu-
lum based on David Kern’s (2009) model [64, 69]. Following 
a needs assessment, identification of goals and educational 
objectives, and development of instructional methods, the 
curriculum was formulated. Consisting of eight video- 
education modules, a workbook to allow for immediate prac-
tice of learned mental skills, and applied practice of skills 
during laparoscopic simulator training, this MSC teaches 
surgical trainees cognitive skills such as goal setting, energy 
management (i.e., relaxation and “psyching-up”), attention 
and thought management, mental imagery, refocusing strate-
gies, and performance routines. Further information on this 
MSC is described in detail elsewhere [64].

In a study of the efficacy of this novel MSC to enhance 
surgical novices’ laparoscopic intracorporeal suturing per-
formance and use of performance-enhancing mental skills, 
results indicated that MSC-trained novices significantly 
enhanced their laparoscopic performance and increased 
their use of mental skills from baseline to posttest [64]. 
Additionally, the majority of participants expressed that the 
MSC was effective in optimizing their laparoscopic perfor-
mance. In another study to determine the effectiveness of 
the curriculum to reduce novices’ stress during two vali-
dated stress tests (i.e., the Trier Social Stress Test and the 
O’Connor Tweezer Dexterity Test), the MSC was effective 
at reducing novices’ perceived stress and workload during 
both stress tests [65]. This finding indicates that this MSC 
may be effective at reducing novices’ stress in a variety of 
situations. In a subsequent randomized controlled trial of 
the effectiveness of the MSC to enhance surgical novices’ 
laparoscopic suturing performance compared to controls, 
MSC group participants displayed significantly enhanced 
mental skill use from baseline to posttest and significantly 
higher laparoscopic skill retention over a period without 
technical skills training compared to controls [66]. These 
findings indicate that a comprehensive MSC can offer sev-
eral significant benefits to surgical novices, including sig-
nificantly enhanced surgical skills [64], use of mental skills 
[64], reduced stress and workload during validated stress 
tests [65], and surgical skill retention [66]. It is evident, 
then, that a comprehensive MSC may offer incremental ben-
efits to surgical performance beyond those of single-skill 
cognitive skill interventions.

Burnout, as described previously, is a detrimental psycho-
logical condition that can lead surgeons to commit signifi-
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cant medical errors [13]. Unlike acute disruptions to 
performance, like stress or loss of focus, burnout is a chronic 
syndrome that results from situational job demands (e.g., 
workload is too high, time pressures, lack of control, lack of 
feedback, etc.) that lead one to feel overloaded, which can 
contribute to diminished psychological well-being and ulti-
mately, reduced quality of patient care [13, 70]. However, 
research has shown that psychological resilience and grit can 
enhance physicians’ psychological well-being and attenuate 
the negative effects of burnout on performance [14, 71, 72]. 
Resilience is considered to be one’s ability to respond and 
cope with stress in a positive and adaptive manner, “bounce 
back” when faced with challenges and grow stronger through 
this process [14]. Similarly, grit is a psychological trait char-
acterized by passion and perseverance to pursue long-term 
goals [71]. Resilience and grit may moderate the relationship 
between burnout and performance, and interventions 
designed to enhance physicians’ resilience and grit could be 
effective at preventing or managing burnout and optimizing 
performance. Presently, there are no known attempts to 
implement resilience-enhancing interventions with surgeons. 
However, there have been attempts to implement such inter-
ventions with other healthcare providers, and these studies 
may provide insight into how skills to enhance resilience can 
be implemented effectively with surgeons. Sood et al. (2011) 
implemented a 90-min stress management and resilience 
training (SMART) intervention with department of medicine 
faculty that focused on teaching these physicians how to 
manage attention, nonjudgmentally, in the present moment 
and maintain a flexible psychological disposition to adapt to 
situations as opposed to maintaining fixed prejudices [73]. 
Also, participants were instructed on how to execute a paced 
breathing meditation for relaxation. In this randomized con-
trolled study, the authors found that this resilience interven-
tion led to significant improvements in resilience, perceived 
stress, and quality of life at 8 weeks post-intervention com-
pared to controls. Essentially, this intervention focused on 
teaching similar principles to mindfulness, which has been 
described previously in this chapter and has been identified 
as a cognitive skill that can potentially reduce physicians’ 
burnout [46, 74, 75].

In a study of the effectiveness of a mindfulness-based 
intervention that taught physicians how to engage in mind-
ful meditation exercises to develop self-awareness for cog-
nitions and physiological states and awareness for how they 
communicate with others, Krasner et al. (2009) found that 
this intervention was effective at reducing participants’ 
burnout and total mood disturbances and increasing their 
empathy, conscientiousness, and emotional stability [74]. 
Similarly, a mindfulness-based stress reduction intervention 
that focused on teaching meditative exercises to increase 
relaxation was incorporated with healthcare providers in a 

randomized controlled study [75]. The authors found that 
this intervention was effective at reducing the providers’ 
perceived stress, burnout, and distress compared to controls. 
Based on this evidence with other healthcare providers, it is 
possible that cognitive skills interventions designed to 
increase psychological well-being and reduce burnout 
through mindfulness and psychological resilience tech-
niques may be effective if applied with surgeons, but 
research must be performed in this area to determine the 
efficacy of these skills to reduce surgeons’ burnout and opti-
mize performance.

 Performance Coaching

The use of feedback to enhance clinical performance has 
long been incorporated in surgical education through the 
apprenticeship model [76]. Surgical faculty have tradition-
ally provided knowledge to trainees on the execution of tech-
nical skills based on personal professional experience and 
advice [77]. Trainees are expected to absorb technical and 
nontechnical skills in the operating room directly through 
repetition or by observing modeled behavior paired with 
knowledge by surgical faculty. Surgical skills coaching takes 
this process a step further, as a coach can collaborate with 
trainees during deliberate practice of technical and nontech-
nical surgical skills during simulation training to achieve 
self-determined goals through objective assessment and 
feedback, structured debriefing, guided self-reflection, and 
behavior modeling [78, 79].

In a systematic review of the literature, Min et al. (2015) 
found that surgical skills coaching can be effectively incor-
porated in simulation training because this setting allows for 
a safe practice environment and by viewing videotapes of 
learners’ intraoperative performance, which allows for 
enhanced self-reflection of technical skills and delivery of 
individually tailored feedback [79]. Coaching interventions, 
which commonly consist of an informative lecture, aug-
mented concurrent feedback, and debriefing, can signifi-
cantly enhance technical performance. Importantly, coaching 
interventions were shown to reduce intraoperative error 
rates.

In regard to nontechnical skills coaching, these interven-
tions focused primarily on enhancing learners’ team-based 
skills (e.g., communication) and leadership [78]. The major-
ity of reviewed studies found that coaching significantly 
enhanced learners’ nontechnical skills. However, the results 
from these studies should be taken with some caution, as 
some of the studies did not use control groups, the majority 
of observers assessing intraoperative nontechnical skills 
were not blinded, and there were no longitudinal assess-
ments of nontechnical skills.
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The literature on the impact of surgical skills coaching 
to optimize surgeons’ technical and nontechnical skills 
performance is indicative that this is a highly effective 
training paradigm. For trainees, who are frequently per-
forming surgical procedures in the operating room but 
lack accurate self- assessment and may not regularly reflect 
analytically on methods to optimize their performance, 
coaching during deliberate practice of skills may offer 
additional opportunities for experiential learning and 
growth [78]. It is unclear, though, how well-received 
coaching for continuing education would be for experi-
enced surgeons. A recent study by Mutabdzic et al. (2015) 
indicated that some surgeons reported a lack of interest to 
participate in coaching to improve their technical skills 
because they did not feel that practicing technical skills 
further would enhance patient outcomes. There was con-
cern that coaching would be perceived as being related to 
incompetence by peers and trainees, and there was con-
cern that coaching would remove elements of control over 
self-directed learning [80]. However, Ericsson (1993, 
2004) contends that even experienced surgeons may expe-
rience arrested skill development or surgical skill decay in 
the absence of continued deliberate practice of skills [18, 
20]. Through deliberate practice that allows experienced 
performers to seek out training situations that challenge 
their current level of performance, these individuals are 
able to develop cognitive mechanisms to monitor and con-
trol performance in similar performance situations. A sur-
gical skills coach could identify areas for experienced 
surgeons’ to improve their skills and appropriate tasks to 
challenge their current skill level, which could lead to fur-
ther skill mastery and the attainment of expertise. Indeed, 
Stefanidis et  al. (2016) recently conducted a study in 
which they reviewed intraoperative videos of practicing 
surgeons to identify areas for improvement, developed a 
coaching curriculum accordingly, and implemented the 
coaching curriculum with the participating surgeons in 
group and one-on-one sessions [81]. The authors found 
that blinded group sessions allowed practicing surgeons to 
participate in peer review of intraoperative technical 
skills, which afforded them the opportunity to learn from 
each others’ successful performances and areas for 
improvement. The authors also posit that the ideal surgical 
coach for technical skills is a well-respected peer, with 
contextually specific knowledge of the learner’s surgical 
subspecialty, whereas nontechnical skills coaching may 
be best served by a human factors specialist or similar 
domain- specific expert who can provide insightful perfor-
mance feedback. These considerations emphasize the need 
to incorporate surgical skill coaching with trainees and 
experienced surgeons alike.

 Future Directions for Performance 
Optimization in Surgery

The research strongly suggests that nontechnical techniques 
such as cognitive skills training, leadership and team-based 
skills training, and coaching are effective at optimizing sur-
gical performance when implemented during surgical simu-
lation training. However, the research on implementing 
nontechnical skills training in surgical education is still 
emerging, and researchers could benefit greatly from consid-
ering how these skills have been implemented in other high- 
stakes domains. For instance, mental imagery is the cognitive 
skill that has been used most frequently to enhance the surgi-
cal performance of surgical novices [58, 59], trainees [60, 
61], and experienced surgeons [62, 63]. However, compared 
to the much more extensive cognitive skills training pro-
grams in the military [28–30, 32] and elite athletics [36–40] 
that have included multiple effective skills with performers, 
there is room to expand the application of cognitive skills 
training in surgical education to include several more strate-
gies and competencies to optimize performance. Some skills, 
such as resilience and mindfulness, have been taught to 
healthcare providers outside of surgery, and the results of 
these studies indicate that these skills can reduce provider 
burnout and enhance empathy and quality of life [74, 75].

Indeed, there are few studies that have incorporated mul-
tiple cognitive and team-based skills into a comprehensive 
training curriculum that facilitates learners’ deliberate prac-
tice of these skills with the guidance of a coach during surgi-
cal simulation training. Research has clearly demonstrated 
that individual cognitive factors (e.g., confidence, positive 
MI, concentration, distraction control, commitment and 
motivation, and constructive self-evaluation) [16] and team 
dynamics (e.g., leadership and understanding of roles, 
mutual performance monitoring, shared mental models and 
anticipated needs, common purpose, adaptability, and 
closed-loop communication) [51] significantly impact surgi-
cal performance and are important elements of surgical 
expertise. The literature suggests that there is an extensive 
learning curve to become an expert surgeon [15], which 
illustrates the importance of developing strategies to supple-
ment the experiential learning process and reduce the learn-
ing curve for surgical trainees and practicing surgeons to 
approach and achieve skill mastery.

Within medicine and other high-stress domains, deliber-
ate practice through simulation training has offered learners 
a modality to practice skills in a safe environment [19]. This 
may be the ideal setting for learners to learn and train to use 
nontechnical skills to optimize their performance, as training 
during simulated exercises has proven to be an effective 
training paradigm to teach learners these skills [7]., In spite 
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of a seemingly intuitive conclusion, that a comprehensive 
nontechnical skills curriculum which teaches multiple indi-
vidual cognitive skills and team-based skills should be devel-
oped and implemented widely to offer surgical trainees the 
strategic flexibility to manage dynamic intraoperative chal-
lenges effectively, little work is being done to this end. 
TeamSTEPPS is one exception, as this national team- training 
curriculum is being implemented widely through the AHRQ 
to facilitate enhanced clinical team performance [51]. 
TeamSTEPPS has been largely accepted and implemented 
throughout several healthcare systems [52], and while it is 
effective at enhancing clinical team performance, it does not 
aim to enhance individual providers’ performance. 
Conversely, a recently developed comprehensive MSC has 
been successful at enhancing surgical novices’ laparoscopic 
suturing performance, use of mental skills [64], and surgical 
skill retention [66] and reducing their stress and workload 
during two validated stress tests [65].

If surgical educators are aiming to optimize surgical 
performance of trainees or practicing surgeons, they 
should develop a robust and comprehensive cognitive and 
team- based skills training curriculum, modeled after 
TeamSTEPPS and this novel MSC, which features skills 
training to enhance learners’ communication, leadership, 
stress-coping awareness and decision-making, attention 
management, and resilience (see Fig.  3). Furthermore, a 

comprehensive performance optimization curriculum 
should feature deliberate practice and objective feedback 
with performance coaching to offer learners an opportu-
nity to master newly learned technical and nontechnical 
skills. Also, similar to the “crawl, walk, run” approach of 
the US military, educators should gradually increase the 
difficulty of training to coincide with the stages of learn-
ing, which will force trainees to develop increasingly com-
plex cognitive processes to execute skills and optimize 
their performance under variable and challenging clinical 
situations. In conclusion, when training the next genera-
tion of surgeons, surgical educators should develop com-
prehensive curricula along these lines to teach and optimize 
technical and nontechnical skills concurrently.
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