
ORIGINAL REPORTS
In Search of Characterizing Surgical Skill
David Azari, PhD,* Caprice Greenberg, MD, MPH,*,† Carla Pugh, PhD, MD,‡

Douglas Wiegmann, PhD,* and Robert Radwin, PhD*,x

*Department of Industrial and Systems Engineering, University of Wisconsin-Madison, Madison, Wisconsin;
†Department of Surgery, Wisconsin Surgical Outcomes Research (WiSOR) Program, University of Wisconsin-Madison,
Madison,Wisconsin; ‡Department of Surgery, Stanford University, Stanford, California; and §Department of Biomedical
Engineering, University ofWisconsin-Madison, Madison,Wisconsin
OBJECTIVE: This paper provides a literature review and

detailed discussion of surgical skill terminology. Culminating

in a novel model that proposes a set of unique definitions,

this review is designed to facilitate shared understanding to

study and develop metrics quantifying surgical skill.

DESIGN: Objective surgical skill analysis depends on

consistent definitions and shared understanding of terms

like performance, expertise, experience, aptitude, abil-

ity, competency, and proficiency.

STRUCTURE: Each term is discussed in turn, drawing

from existing literature and colloquial uses.

IMPLICATIONS: A new model of definitions is proposed

to cement a common and consistent lexicon for future

skills analysis, and to quantitatively describe a surgeon’s

performance throughout their career. ( J Surg Ed

76:1348�1363. � 2019 Association of Program Directors

in Surgery. Published by Elsevier Inc. All rights reserved.)

KEY WORDS: Objective performance assessment,

Deliberate practice, Surgical skill

COMPETENCIES: Practice-Based Learning and Improve-

ment
INTRODUCTION

Measures of surgical skill are increasingly shown to reflect

clinical outcomes.1,2 Common descriptors like superior per-

formance (or elite performance), aptitude and ability, com-
petency and proficiency, mastery, expertise and experience,

however, often lack unique interpretation. Experience is

sometimes used as a proxy for expertise, but also as a signal
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of professional status, without supporting evidence of best

practices. Laufer and colleagues,3 for instance, observed that

clinicians of similar experience exhibit different approaches

(sometimes radically) while completing simulated clinical

breast exams. Should physicians with the greatest experi-

ence be considered experts even if � as Choudhry and col-
leagues4 found � greater experience doesn’t always

produce greater quality of care? Or, are only some experts

whose patients achieve better outcomes exhibiting what we

would think of as “truly expert” behaviors?

Uncovering features to accurately describe surgical

expertise is similarly an intricate challenge. Advanced

performance in the operating room is known to depend

on combining various skill sets,5,6 for which any objec-
tive assessment must be tailor made7 and rigorously

tested.8 Variable terminology hinders this effort, and

makes it more difficult to validate assessments in line

with robust evidentiary requirements of modern frame-

works.9,10 The rise of “surgical data science”11 and engi-

neering approaches to quantify surgery,12 in part

through simulation,13,14 offers the opportunity to

address boundary conditions of amorphous terms such
as “expert” through quantifying behavior. Consistent ter-

minology within and across studies will help provide

appropriate context for these claims, and to promote

standard and reproducible measures of surgical skill.

This paper explores a series of common surgical skills

terms and proposes a lexicon to encourage reproducibil-

ity among future studies of surgical performance.

What is Surgical Skill?

Surgical skills are commonly split into either technical or

nontechnical categories,6 despite known impacts of non-

technical skill on technical performance.15 It is also widely

accepted that “operative skills” are not just technical in

nature.16 Still, this artificial bifurcation has helped to frame
studies examining hand motion,17�22 errors and error man-

agement strategies,23-26 cognitive readiness,27 decision

making,28 and communication and teamwork.29-31
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In a discussion of nontechnical skills, Yule et al.6 pro-

posed the interrelated category of cognitive skills to bet-

ter describe features of surgical performance such as

mental readiness, decision making and situational aware-
ness, and interpersonal skills such as leadership and

communication. This deconstruction is additionally sup-

ported by surveys of master surgeons (in this case,

defined as those with high peer rankings and consistent

involvement as trainers), who describe cognitive factors,

innate dexterity, and personality as “important attrib-

utes” of surgical competence.32 Greenberg et al.33 advo-

cate that nontechnical skills, including both cognitive
and interpersonal skills should be integrated as part of

the Wisconsin Surgical Coaching Framework (Fig. 1).

Madani and colleagues5 have since developed a novel

interoperative performance framework, composed of

five inter-related performance domains: psychomotor

skills (i.e., technical performance), declarative knowl-

edge (i.e., recitable facts acquired outside the operating

room), interpersonal skills (i.e., teamwork, leadership),
personal resourcefulness (i.e., self-awareness and meta-

cognition), and advanced cognitive skills (i.e., planning,

error recovery).34 This framework provides an excellent

description of various domains or “competencies” in

which surgeons perform. It facilitates continuing onto-

logical understanding of a skill’s “microstructure” � a

necessary first step in designing “deliberate practice

activities that allow performers to stretch their perfor-
mance to a higher level,”35 and helps to incorporate the

“reasoning and motivation” behind successful opera-

tions in challenging professional settings.36

Madani and colleagues maintain that “competence has

yet to be defined to a level that allows credentialing and

licensing bodies to ascertain whether or not an individ-

ual has achieved the standards deemed to represent
FIGURE 1. Wisconsin Surgical Coaching Framew
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competent performance.” In other words, it remains a

challenge to establish “pass-fail standards,” critical parts

of competence-based education.37 They are also careful

not to refer to their framework as a “skills framework,”
presumably to avoid any confusion or contradiction

between thinking of knowledge and performance as a

skill or vice-versa. Rather, Madani’s work presents a

series of performance domains, the creative and fluid

synthesis of which, through deliberate practice and

rehearsal, may characterize surgical expertise. The

authors adroitly navigate the difficulty in defining such

terms and focus on the underlying surgical behaviors.
They redirect emphasis from examining “skills” to inter-

related “performance domains” that are widely applica-

ble across procedures.
REVIEWOF SURGICAL SKILL LITERATURE

Using surgical skills terminology to describe how a

surgeon’s performance changes throughout their career is

an intricate puzzle. A trainee’s aptitude in one domain, for
instance, hinges on a “working definition of superior surgi-

cal performance.”38 Yet what it means to be superior,

generally considered a hallmark of medical expertise, pre-

supposes measurement and attainment of competency.39

Expertise, meanwhile, is interwoven with notions of both

performance and skill. Murinson, Agarwal, and Hay-

thornthwaite,40 for example, frame expertise as the aggrega-

tion of “essential skills”; while Krawczyk and colleagues,41

argue that expertise exists as a set of “exceptional skills”

that can be measured and compared in laboratory tasks. In

the same vein, Ericsson and Charness42 describe experts as

natural outliers: “performing at least two standard deviations

above the mean level in the population.”
ork (Adapted from Greenberg et al., 2017).
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The implicit assumption that performance can be suffi-

ciently (1) observed and (2) quantified to sort or rank per-

formance in a meaningful way remains dubious: “[n]o

single assessment method can provide all the data
required for judgment of anything so complex as the deliv-

ery of professional services by a successful physician.”43

Instead, the Accreditation Council for Graduate Medical

Education’s (ACGME) Competency Based Medical Educa-

tion (CBME) milestones approach44 continues to promote

operative autonomy through guidelines to document and

show performance as a precursor. Any valid assessment to

demonstrate these skills must be grounded within a robust
basis of evidence.9,45-47 Clear and consistent skill terminol-

ogy will promote better evaluation and eventual applica-

tion of assessment tools.

Performance

Like other performance domains (music, athletics, for

example) surgical performance is repeatedly created
anew at each opportunity, where contextual factors can

change rapidly.48 Subsequently, and stemming from

notions that there exists a “maximal” level, performance

is a dynamic, temporary, and alterable characteristic.

Deliberate practice improves performance over time,49

but performance is also subject to the context of the sur-

gery50 and various factors within the work-system.51

Even those most practiced surgeons are not immune
from committing errors, or not managing errors prop-

erly. Surgical performance thus represents the observ-

able quality of a sequence of surgical actions at a specific

point in time. It is possible (albeit unlikely) for a novice

to outperform an expert, or an expert to underperform

relative to their position. Such situations would be the

exception, rather than the rule.

Defining maximum performance has a long history of
debate. Francis Galton � contemporary of Charles Dar-

win, and who is generally credited with developing both

“nature vs nurture” and “eugenics” terms � argued in

Hereditary Genius
52 that maximal performance is a rigid

and individually determined limit of one’s genetic poten-

tial. Although he acknowledged that practice improves

performance, Galton argued that “genius” depended

foremost on your family tree. Later, Snoddy (as cited by
Stratton et al.53) developed the now “ubiquitous” power

law of learning, composed of the distinct cognitive, asso-

ciative and autonomous classical stages of skill acquisi-

tion.54,55 Galton’s concept of an individual limit was re-

envisioned as task-based performance limit � the asymp-

tote of a “learning curve” governed by a power law. In

an invited address to Academic Medicine, K. Anders

Ericsson49 expands this definition and argues that
achieving an “expert” level of performance hinges on

intentional and deliberate practice, implemented over
1350 Journal of Surg
long periods. Davids48 reflects Ericsson’s productive

framework, in describing that “the power law of prac-

tice simply states that performance improves with prac-

tice, although there are eventual physical limits to this
relationship.”

Even though these definitions have evolved over time,

surgical performance can be thought of as a temporary

snapshot into the observable skills a surgeon brings to

bear within a given situation. Performance can improve

due to amount and style of deliberate practice but

remains bounded to some asymptotic limit. Over longer

periods, performance can improve or decline as sur-
geons age or switch to different types of operations.

While transitioning to military service, for example, sur-

geons struggle to adapt their specialty based expertise

to new challenges such as truncal hemorrhage or skele-

tal reconstruction from penetrating injuries,56,57 while

their other clinical skills, especially laparoscopy,58

decay. Given the intense training required to achieve

high performance in any surgical task, there is an ever-
present interest in testing surgical residents for their abil-

ities and aptitudes, to see who may be better equipped

to gain operative skills with less training and coaching.

Improving pedagogical techniques59 may ease the diffi-

culty for early learners, but the amount of training

required for some individuals to achieve high surgical

performance could still be prohibitive.

Techniques to measure performance limits continue to
improve, prompted by increasing computational ability to

quantify surgery in various contexts.11 There are increasing

improvements automatically measuring performance in

open18,60 and laparoscopic procedures,61 as well as with

eye tracking,62 and automatic “stroke” recognition.63 The

vast majority of these efforts, however, are limited to

benchtop simulations or robot-assisted devices.14
Aptitude and Ability

Surgeons may lament a lack of manual dexterity and psy-

cho-motor coordination (i.e., coordination, balance, haptic

force control) of incoming residents, behaviors largely

unpracticed in medical school until clinical rotations and

outside the scope of common premedical undergraduate

programs. In contrast, elite musicians and professional ath-

letes often begin deliberate practice in their field at an early
age, engendering significant advantages later in life.64

Decreased training time among residents,65 little emphasis

on mid-career training interventions,16,32 and increasing

complexity of the operating room,66 have rekindled interest

in “aptitude testing” to jumpstart selection and training of

residents.67-69 Even “intellectual prowess” and “emotional

stability” have been proposed as potential avenues to test

for surgical aptitude.70
ical Education � Volume 76/Number 5 � September/October 2019



Aptitude is commonly described as a “natural” advan-

tage a trainee brings to the table.71 This definition does

not preclude new pedagogical techniques or better

coaching from improving the performance of new train-
ees. Hislop et al.,72 while examining aptitude for endo-

vascular procedures, found that clinicians with

extensive video game experience completed virtual real-

ity tasks more quickly than those without prior video

game experience. Willis et al.,73 also found performance

in virtual reality and video game to be related, suggesting

that these pre-existing experiences may transfer well to

some simulations. Both studies sought to connect pre-
existing strengths to a relatively increased rate of perfor-

mance gain during surgical training.

Existing literature, however, also tends to confound

aptitude and ability. Ability is often qualified as “natural,”

“innate,” or “fundamental,” to describe an advantage

someone brings to the selection process and training

curriculum. Alfred Cuschieri74 uses aptitude as an inter-

mediary to distinguish between skills (i.e., trained) and
abilities (i.e., untrained): “abilities are the innate apti-

tudes that people can bring to given tasks and determine

the level of proficiency that individuals obtain with train-

ing.” In that view, skills require training, while abilities

(being innate aptitudes) are brought exclusively by the

individual. Groenier et al.75 similarly uses “ability” to

describe incoming trainee cognitive and psychomotor

performance scores. In that study, participants with
higher psychomotor scores learned to complete laparo-

scopic tasks more quickly, and with greater efficiency of

movement. Szasz et al.76 also used “ability” to indicate a

resident’s likelihood of promotion, measuring how they

could meet concurrent performance thresholds for both

the Objective Structured Assessment of Technical Skills

(OSATS) and Objective Structured Assessment of Non-

Technical Skills (OSANTS). Moglia et al.,67 refers to
“innate aptitude” and “innate ability” synonymously

while examining psychomotor performance scores uti-

lizing the da Vinci Skills Simulator.

While individual strengths clearly impact outcomes of

surgical training, merging aptitude and ability as a single

concept creates problems defining performance. Using

ability to express untrained strengths (i.e., “innate

aptitudes”) relegates to the role of training to second
class status while describing what a surgeon can do, and

undermines aptitude assessment in the training process.

Yet, “ability” is also used to describe training outcomes:

Mattar et al.77 stipulates that many residents are “unable

to operate for 30 unsupervised minutes of a major

procedure” upon graduation. Residents would not be

able to do this without adequate training, even if gifted

with some pre-existing proclivity to learn the necessary
skills (whether deemed fundamental, innate, or natural).

Referring to individually different strengths in absence
Journal of Surgical Education � Volume 76/Number 5 � September/Oc
of training or outside practice as abilities confounds the

distinct roles that individual strengths and training play

in building surgical skill.

To prevent overlapping interpretation between ability
and aptitude, and to promote unique definitions, an indi-

vidual’s pre-existing strength should be described as

aptitude that would impact the rate of performance

gain. This would free the term “aptitude” from needing

to rely on “ability” as a stepping stone. It allows “ability”

to represent formally trained techniques that need not

be innate or fundamental, and integrates aptitude in the

training process. Separating these definitions maintains
the notion of pre-existing strengths (i.e., aptitudes) with-

out sacrificing the importance of training to demonstra-

ble surgical performance (i.e., abilities).

In other words, ability represents the maximal perfor-

mance an individual can offer under ideal circumstances,

based on exigent training and previous experience. Rec-

ognizing that someone is able to perform a task implies

they consistently meet or exceed some arbitrary thresh-
old of acceptable performance.78 In this context, an abil-

ity would be demonstrable performance recognized as

competent or higher. Ability grows over a career, com-

mensurate with deliberate practice and exposure to diffi-

cult situations. Ability is also different than aptitude, as

no trainee is considered “able” to perform a procedure

because they score well on an aptitude test. However,

both features are brought to bear in difficult operating
room situations where surgeons use all advantages

(trained or otherwise) to maximize performance.

Aptitude and ability are also domain-specific and

nested within the taxonomy of Madani’s framework dis-

cussed previously. For example, sewing aptitude and

decision-making aptitude are quite different for early

trainees, and ought to be described within the context

of a relevant level of training and task, so as not to lose
specificity or increase bias in selection. A software tool

to provide quantitative feedback of performance with-

out the need for coach intervention could test for apti-

tudes, and help to improve student abilities through

targeted practice before starting clinical rotations.
Experience

As referenced by Weg Thomas,79 Lord Smith, a past Pres-

ident of The Royal College of Surgeons of England said

“it would take me one year to teach a trainee how to do

an operation, five years to teach them when to do the

operation, but a lifetime to teach them when not to do

an operation.” Experience describes the amount and

breadth of familiarity a surgeon has in the operating

room. Commonly expressed in the number of cases
completed or amount of years in an attending role, expe-

rience also manifests through “war stories”80 and
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efficient “case scripts” or “illness scripts”81,82 that

improve expectations in the operating room.

Robust mental scripts show how experienced clini-

cians compose a litany of creative, fail-safe approaches
to help deal with new challenges. These are complex

representations that include “kinaesthetic and visual

imagery” that help in psychomotor planning and move-

ment,83 and may be improved by mental practice.84 Pre-

vious experience helps form and represents critical

patterns and cues which would otherwise go unde-

tected. The set of expectations and scripts have also

been described as a mental schema81 to ease the burden
of planning several steps ahead and recalling and inte-

grating vast amounts of declarative knowledge on the

fly.85 By incorporating principles into patterns and sche-

mas, surgeons reduce the demand on cognitive resour-

ces, enabling greater flexibility to direct attention where

most needed.27 Clinicians form crucial components of

expertise by incorporating feature-based patterns and

expectations of their own experience into these mental
models.82

In the search for objective measures of performance,

experienced surgeons offer a window into successful

techniques that are tailored and honed over years of dif-

ficult practice. Carty and colleagues86 found that varia-

tion in operative time steadily decreased as experience

grew, plateauing after 10 years. Still, studying experi-

enced surgeons � in the absence of more detailed
objective measures � may fall short of guaranteeing

positive outcomes. Geoff Norman summarized the

insufficiency of experience as a measure of surgical

expertise in his personal correspondence to David

Cook, facetiously suggesting that “gray hair and bald-

ness would be good measures of expertise when com-

paring senior surgeons and third-year medical

students.”9 Clarified by Norman’s wry attitude, experi-
ence is a necessary, albeit insufficient prerequisite for

expertise. Some individuals who consider themselves

more experienced may be more resistant to contradic-

tory information.87 Combating this trend, where it

exists, and promoting so called “intellectual humility”88

will be an ongoing effort.
Expertise

Early attempts by Simon and Chase89 to define expertise

emphasized direct testing of memory capacity. Although

such measures provided a “convenient substitute for

studies of actual performance,”35 they did not provide

sufficient explanations for the mechanisms supporting

how expertise manifests across domains. Later

approaches paralleled the proliferation of technology,
describing the brain as a “computational device” which

stored, responded and retrieved information in “motor
1352 Journal of Surg
programs” analogous to software operating on a

computer.48

The early emphasis on memory recall has been

reframed over time to describe how expert performance
manifests as a set of “exceptional skills in a particular

domain.”41 Growing efforts to observe, measure and

compare expert behavior,90 have been bolstered by pro-

cedural and technological advances in cognitive task

analysis,91 brain imaging,41 protocol analysis and eye

tracking,39 simulation92 and domain-specific factor anal-

ysis,93 among others.

It is widely accepted today that expertise is achieved
through deliberate practice over time.27,42,64,94,95 Per-

formers can target unique skills and reflect on their prog-

ress during planned periods where they “construct and

seek out training situations in which the desired goal

exceeds their current level of performance.”49 Exposure

to difficult and variable situations is also critical,96

enabling performers can become “adaptable for a range

of varying performance characteristics” and “less vulner-
able to transitory factors such as fatigue, audience

effects, and anxiety.”48 Unfortunately, the chance to

reflect on these lessons is limited in the rapid and stress-

ful environment of resident training,97 resulting in

missed opportunities to promote metacognition and res-

ident development.98 Indeed, “practice without reflec-

tion and striving for continued improvement is a

formula for mediocrity.”99

Difficulty and expertise also have an intricate relation-

ship. Experts “have adapted efficient ways to solve prob-

lems in their domains” and attack problems “by

qualitatively different techniques” depending on the dif-

ficulty of the problem itself.93 Sufficient surgical training

develops cue recognition, planning and error recovery

during cases complex enough to integrate both con-

scious (controlled) and unconscious (automated)
actions.100 An expert would thus be more responsive to

the complexity of the task; able to conceptualize and

plan a difficult operation at a high level of abstraction

while integrating varying kinds of information.101,102

Bond et al.92 supports this idea in describing how sur-

geons exhibiting superior performance use “pattern rec-

ognition to be efficient at the mundane,” and “recognize

when the pieces do not fit,” thereby adjusting their style
of thinking to observe and adapt to evolving risks. Before

the recent advances in developing surgical performance

domains, recognizing these kinds of patterns, or

“chunks” of knowledge, studied for years as part of suc-

cessful performance in chess,89,103 was criticized for

yielding “little direction for improving education of med-

ical students.”81

Jerome Groopman, author of How Doctors Think
104

frames the advantages afforded by medical expertise as a

break from traditional training: “studies show that while
ical Education � Volume 76/Number 5 � September/October 2019



it usually takes twenty to thirty minutes in a didactic

exercise for the senior doctor and students to arrive at a

working diagnosis, an expert clinician typically forms a

notion of what is wrong with the patient within twenty
seconds.” Groopman contends that practicing physi-

cians pull cues in from all directions simultaneously �
an adaptable and nonlinear mental process � but that

the taught method is rigidly linear: “Medical students are

taught that the evaluation of a patient should proceed in

a discrete linear way; you first take the patient’s history,

then perform a physical examination, order tests and

analyze the results. Only after all the data are compiled
should you formulate hypotheses as to what might be

wrong.” In-context training for surgical residents is

clearly crucial to build meaningful experience � despite

the high cost to attending staff.105

Feltovich, Ford, and Hoffman,50 creators of the TEM-

PEST model of expertise (Fig. 2), frame expert adaptabil-

ity in terms of preplanned actions. Described as

“predictive encoding,” the authors emphasize the role of
advanced cognitive skills and command of dynamic

knowledge in demonstrating expert performance. Such

strategies help the expert draw on relevant experience,

select useful tools and information, and balance the

numerous forces at play during an operation.

The TEMPEST model highlights the various experien-

ces, goals, materials and strategies of familiar tasks that

experts employ. Experts are driven and constrained by
external forces like performance expectations, motives,

and the rule of law. The “tail” � selection criteria,
FIGURE 2. TEMPEST model describing the general framework of e
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training, and professional standards � acts as a stabiliz-

ing force. The authors develop the model to represent

completing a task.

The TEMPEST model does not differentiate between
the relative quality of performance between experts,

even though the various inputs and forces imply perfor-

mance among each expert are different. No two experts

will have the exact same background experience or

motivations. A helpful sorting scheme for this purpose is

presented by Ericsson and colleagues;64 arranging per-

formers into “Least Accomplished”, “Good”, “Best” and

“Professional,” but once again, these boundaries lack
objective thresholds. Surgeons, similarly, who might not

pass an “Olympic” or “excellent” bar of performance,

may be recognized as experts nonetheless16,106 as status

may be conferred based on established case history, board

certification, and leadership roles. Harald Mieg found that

these kinds of signifiers of professional behavior serve as

proxies for expertise in fields where “standards of best

practice still need to be established.” 107 Surgery fits the
bill,11,14 as clinicians “tend to conceptualize ‘mastery’ or

‘expertise’ as having conquered a specific set of skills,

while other disciplines commonly associate these terms

with a “continual learning state or perpetual devotion to

improvement.”108 Achieving expertise, rather than prac-

ticing it, also reflects the strict social dichotomy between

master (attending) and apprentice (resident) roles in surgi-

cal training. Such attributes are highly valued and
enshrined in the professional model of medicine, but

social signifiers are only a piece of the puzzle in pursuing
xpertise (Adapted from Feltovich, Ford and Hoffman, 1997).
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quantitative standards; they are notably absent in the TEM-

PEST model.

Expertise in surgery is thus challenging to pin down

because it is used to refer both to the existing social hier-
archy, and to the suite of practiced skills an individual

can perform with consistency. In other words, surgical

expertise continues to represent both professionalism

and excellence; each of which is difficult, if not impossi-

ble, to define in their entirety. Professionalism is more

easily understood; the Hippocratic Oath is recognized

centuries over as part of the social contract of medicine.

Measures of “excellence” as Mieg describes, however,
continue to evolve and face scrutiny as technology-

assisted measurements of skill and performance grow.14

These latter advances may be more effective than social

signifiers of professionalism at promoting guidelines of

physician best practices.

Competency

Competency, like expertise, is dual-faceted. A compe-

tent surgeon, and a competent surgical performance, for

example, may describe different ideas. George Miller43

advocated that residents should achieve “competence,”

before performing and demonstrating skills on live

patients. The US Accreditation Council for Graduate
Medical Education (ACGME), meanwhile, is pushing for

assessments across a series of job functions or

“competencies,” as part of the competency-based medi-

cal education (CBME) milestones project.44 In light of

these uses, a surgeon could be considered competent

within a domain (i.e., consistently achieving a pre-

defined rating in completing a procedure) or deemed

competent overall (i.e., graduating from residency). For
clarity, we define competency within a performance

domain to mean meeting a quantifiable assessment

threshold on a consistent and repeated basis. Referring

to a clinician as a “competent surgeon,” on the other

hand, could also connote how that surgeon is perceived

and trusted as a professional in the field, rather than

how their skills have been quantifiably assessed. Firmly
TABLE 1. The “Dreyfus Five Stage Model of Mental Stages in Skill Acqu

Stage Autonomy

1. Novice Only feels responsible to follow the ru

2. Advanced Beginner Still does not experience personal
responsibility.

3. Competent Sense of responsibility arises from act
ing decision.

4. Proficient Sense of responsibility increases with
experience.

5. Expert Responsibility extends to others and th
environment.

1354 Journal of Surg
attaching competency to the underlying assessment con-

tent and context will help to promote consistent inter-

pretation of a clinician’s practiced skills as performance

assessments become increasingly embedded in surgical
training.

The colloquial understanding of competency as some-

thing an individual ought to conquer, rather than practice,

much like expertise, is a driving force in defining compe-

tence as a testable threshold of performance. These kinds

of performance-based competency assessments are cur-

rently under development for laparoscopy109 and for vari-

ous skills associated with professionalism.110 Jelovsek
et al.8 provides a broad overview of reliability evi-

dence for operative assessments. For a discussion on

evolving educational approaches, consult Evans and

Schenarts.59

Proficiency

Little emphasis is typically directed toward the differ-

ence between competency and proficiency. The Dreyfus

Model of Skill Acquisition111 (Table 1) offers a potential

distinction, despite criticism for relying on intuition and

omitting the utility of planning.112

In the Dreyfus Model, competency is exhibited by

active decision making and categorizing information.
Proficiency, on the other hand, is analogous to Miller’s

“shows how” stage and reflects gains in operative auton-

omy as residents become attending surgeons. This transi-

tion is earmarked by an increasing sense of responsibility

commensurate with experience, and actively demon-

strating abilities with decreasing oversight.

Competency in the Dreyfus Model can also be con-

strued as the lowest suitable level of performance. Profi-
ciency, in contrast, represents greater consistency and

responsibility, albeit not yet at levels considered

“expert.” In analyzing surgical skill, competency would

represent meeting a minimum required assessment and

starting to “actively make decisions” with autonomy.

George and colleagues,113 in developing the Procedural

Autonomy and Supervision System (PASS) on
isition”111

Mental Activities

les. Follows specific rules for specific situations.
Rules are not conditional.

Begins to create and identify conditional rules.
All decisions still follow rules.

ively mak- Learns organizing principles. Information sort-
ing by relevance begins.

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

e No analysis or planning. Pattern recognition
extends to plan as well as action.
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smartphones, reflect the first three stages of the Dreyfus

model in describing progressions of autonomy as “show

and tell,” “active help”, and “passive help,” culminating

in a later “supervision only” stage. Proficiency repre-
sents consistency in performance in excess of compe-

tent levels and would be characterized more by achieving

repeated, stable, and efficient outcomes. Such thresh-

olds would need to be drawn based on the procedure

and task at hand and revisited as disruptive technologies

like laparoscopy are introduced.
QUANTIFIED PERFORMANCEMODEL

The following model (Fig. 3) is newly proposed to repre-

sent each of these skills-based terms. The model repre-

sents performance as it develops over years of practice

and exposure to challenging situations. Performance is

represented as a quantifiable property over a surgeon’s

career and progresses through several stages, each with
distinct exposure and responsibilities which change the

rate of learning. Average performance is included to

account for contextual and transitory factors. The model

is adapted from the “three phases of development”

model by Ericsson and Charness.42 Competency is repre-

sented as an arbitrary, yet quantifiable threshold of per-

formance and a gateway for increasing operative
FIGURE 3. Quantified performance model depicting relationship between co
account for performance deviations due to transitory factors. The model combine
Three-Stage model of expert performance development, put forth by Ericsson and C
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independence, with ability reserved to describe the sum

of all actions for which a surgeon has already demon-

strated competency � the integral under the continuous

performance curve(s). Aptitude, on the other hand, is
the rate (slope) of the curve from the time at which

deliberate practice begins, to when a surgeon demon-

strates competency on a regular basis. Experience,

meanwhile, is represented as an expanding space and

breadth of familiarity: the sum of unique exposures and

instances of deliberate practice over the course of a

career.

The Quantified Performance Model (QPM) is designed
to strike a balance between literature describing exper-

tise and colloquial uses for the various terms at issue in

describing skill. Experience, for instance, while repre-

sented as a growing “bank” of lessons over the course of

a career, is directly traceable to instances of deliberate

practice and solving challenging cases as an autonomous

professional. Excellent performance is superior to that

of proficient and competent thresholds and associated
with meaningful experiences. Because aptitude is typi-

cally used to describe the amount of effort or remedial

training required at the beginning of surgical education,

it is represented as the rate (slope) of the curve starting

at the novice stage. The model assumes that the perfor-

mance thresholds would be defined (and likely re-

defined) as surgical technique and approach evolves �
mmon skill descriptors. Average Quantified Performance (AQP) is used to
s both the Madani et al.5 performance domains framework, as well as the
harness.42
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much as the current Milestones project defining various

surgical competencies evolves.44 Although several per-

formance thresholds may be drawn, the thresholds for

each of the performance stages (competency, profi-
ciency, mastery) are intended to represent develop-

ments over the course of a surgical career.

Consider, as an example, the University of Wisconsin-

Madison Urology Department residency training

approach. In PGY 2, resident operations are “completely

supervised by an attending faculty. The attention is on

learning proper surgical skills, instrument identification

and handling, and the proper steps to simple surgical
procedures. By the completion of that year, residents

are expected to be able to perform all steps of simple

surgical procedures with minimal guidance, but always

under careful supervision.”

Threshold performance at this stage is commensurate

with the “novice” level. Operative autonomy is prohib-

ited, and aptitude for general surgical practices is still

being evaluated. Deliberate practice of in-vivo surgical
skill is minimal, but grows over the course of the year;

initializing a set of experiences from which to form basic

“illness scripts.” At this stage, it may be reasonable to use

performance assessments to generate formative feed-

back, or to examine aptitude.

Between the third (PGY 3) and fourth (PGY 4) years,

residents are expected to move up the performance

curve. There are “increasing opportunities to conduct
certain steps” as skills develop. Residents approach

“conducting an entire procedure independently,” albeit

under direct supervision. Mentors provide “immediate

feedback and remediation of any deficiencies” (PGY 4).

Within the Quantified Performance Model, these

improvements describe progress towards competent

levels of performance in each domain. Instances of delib-

erate practice are increasing and building experience
commensurate with the “active help” stage of PASS.

By the time a resident enters their 5th year, and as a

chief resident, they are expected to “perform all steps of

major urologic surgeries,” and achieve “autonomy in per-

forming basic surgical procedures.” At this point, resi-

dents working with autonomy are not considered or

consulted as experts, but their experience enables

greater independence in the operating room and helps
to inform those of lesser training. Objective assessments

within the Quantified Performance Model may indicate a

competent level in many of the performance domains

for several procedures. Only after consistent passage,

however, would that resident be considered

“competent” for those procedures. Residents may also

exhibit proficient levels of performance for a handful of

simpler bedside or out-patient procedures. Completion
of these five PGYs would be like completing the first

three stages in the Dreyfus model of skill acquisition.
1356 Journal of Surg
As residents become attending surgeons and transition

to the new expectations of their full-time role, they would

pursue a proficient level of performance. In contrast to

residency, which places greater emphasis on focusing
attention to enable periods of deliberate practice, time

spent operating as an attending surgeon places greater

emphasis on achieving efficient, positive outcomes, even

in difficult situations. One study found that variation in

operation time and complication rates during mamma-

plasty stabilized only after 12 years of active practice as

an attending surgeon.86 Still, lapses in planning, neglect-

ing to complete or recall steps in an operation, or
increased variability may indicate declines in performance

at any stage in a surgeon’s career. To enable consistent

results in the operating room, these surgeons would need

exhibit more efficient and robust error-management tech-

niques. It is reasonable to assume that an attending per-

forming at a master level have reached this point of

stability. Within the proposed model, performance traits

of an individual exhibiting mastery would serve as a
template and resource to improve the rate of achieving

proficiency for others in various difficult procedures.

As a surgeon progresses through these stages and

strives for higher levels of performance, assessments

would need to target more complex attributes of

Madani’s domains. Proficiency would need to be assessed

through clinical simulations of increasingly difficult sce-

narios. At the same time, however, testing of previously
surpassed performance thresholds would expose areas of

needed practice to maintain skill with age, changes in life

circumstance, or to demonstrate readiness to transition to

another kind of surgery. Quantified performance testing

throughout a surgical career may also serve to share

expert strategies and mental models, while limiting

patient exposure. Identifying features of performance

commensurate with advanced tenure (i.e., expert and
master surgeons) is an ongoing avenue of research.

Standard Lexicon

The standard lexicon proposed by the Quantified Perfor-

mance Model (QPM) of surgical skills terminology

(Fig. 3) focuses on defining performance as surgeons gain

skills, age, and eventually retire. It applies to each of the

five surgical performance domains (i.e., psychomotor

skills, declarative knowledge, interpersonal skills, per-
sonal resourcefulness, and advanced cognitive skills),5

and is particularly timely for increasing efforts to assess

technical skill.14 The model incorporates the role of delib-

erate practice in building expertise and paves the way to

frame operative assessments as a consistent, repeated

demonstration of performance rather than a one-time cre-

dential. The model does not, on the other hand, specify

the content of these assessments. Described as an
“instructional design problem,” developing meaningful
ical Education � Volume 76/Number 5 � September/October 2019



assessments is a continuing area of research subject to

validity47 and overall utility analysis.114

It is assumed that assessments will continue to adapt as

technology and surgical techniques evolve. Procedure dif-
ficulty must also be considered. Planning, situational

awareness, or other “advanced cognitive skills,” for

instance, may expose greater abilities in experienced clini-

cians than less complex assessments of salient psychomo-

tor skills while suturing on simulated benchtop models.

The proposed model integrates potential assessment

measures as an attempt to reach competency, and as a

building block to proficiency (much like the Dreyfus
model). Competency represents a transition to increas-

ing responsibility and operative autonomy. The model

reflects George Miller’s focus on being able to show or

perform skills. In addition, it uniquely frames perfor-

mance as a repeated and consistent measure, to account

for situational context and variation. It supports regular,

repeated performance testing and reflects the ongoing

push to demonstrate skills over time, even as they
degrade due to advanced age or change in professional

status. The model also supports the construction of vari-

ous pass-fail thresholds, fitting well within the rhetoric

of Madani, by encouraging active assessment for “a com-

petent level of performance.”5

Educational literature often uses similar terms, how-

ever, to detail a pedagogical approach. Consistently reach-

ing a competent threshold, for example, is commonly
referred to as “mastery” of the assessment topic.78 In con-

trast, “master” surgeons are commonly described as those

with substantial operative experience and involved in

training efforts.32 Performance, too, has held a unique

educational meaning, connoting the final stage of one-on-

one manual skill training.115 Over time, the term

“execution” has gained traction in these contexts,116

with “performance” describing a more continuous scale
of development97 similar to the proposed model.

Over-simplifying any assessment framework poses a

natural challenge to physician and patient autonomy �
an evolving, yet fundamental tenet in the professional

model of medicine.117 If quantification of skill is imple-

mented poorly and becomes anathema to the “secret

glory” of medicine as a craft profession,118 surgeons may

opt instead to retreat to their respective corners; offer-
ing additional challenges to the already difficult prospect

of competency-based medical education.119 Worthwhile

assessments could be overlooked before they have a

chance to mature � undermining improvements to qual-

ity patient care and wasting valuable resources. Graham

and Deary38 argue that widespread adoption of such

testing requires maturity of three things: robust under-

standing of skill, studies with subjective ratings as
dependent variables, and an appropriate “working defi-

nition of superior surgical performance.”
Journal of Surgical Education � Volume 76/Number 5 � September/Oc
The proposed model in this paper offers a productive

and traceable way to use surgical skills terminology in

quantifying performance. The model integrates well

with existing validity frameworks by promoting clear
inferences and uses throughout a surgical career. To pro-

mote easier adoption among the medical community,

the proposed definitions integrate existing literature and

colloquial understanding.

Implications

This paper has focused on defining surgical skill terms

that, despite their ubiquity, lack unique interpretations.
Inconsistent terminology challenges development and

comparison of valid metrics across studies by obscuring

the relationship between measurements and underpin-

ning constructs of skill. A novel model of terminology is

proposed to assist in framing objective and feature-based

surgical skills along a continuous scale of performance.

Experience is represented as a growing “bank” of expo-

sure to difficult situations; and includes the sum of
instances of deliberate practice. Competency represents

an arbitrary performance threshold, generally commen-

surate with graduation from residency and full-time

involvement as an attending surgeon. Proficiency is char-

acterized by decreasing variation and increasingly effi-

cient outcomes. While attendings will pursue

proficiency for the most difficult and complex opera-

tions, some residents may also reach proficient levels of
performance for familiar operations and bedside proce-

dures. Ability represents all performance a surgeon can

offer in excess of a competent level, drawn as the inte-

gral under the performance curve. Aptitude is the rate at

which one could achieve a competent performance

level, given current pedagogical techniques. Mastery

represents a performance threshold in excess of profi-

ciency; characterized by excellent outcomes and novel
techniques beyond those expected at proficient levels.

Descriptors like elite and superior may be reserved for

performances at the mastery level. Researchers can

employ these representations to describe the scope of a

nascent metric and map that measurement onto a

unique construct of surgical skill.

Many of these definitions (consider competence, for

example) depend on reaching a quantitative threshold of
performance that has yet to reach maturity. Establishing

validity evidence for such assessments in accordance

with modern frameworks45 is ongoing. The proposed

model frames quantitative assessments within a continu-

ous performance curve throughout stages of a surgical

career. Each stage is associated with different training regi-

ments and responsibilities, adapted from the “three phases

of development” model by Ericsson and Charness.42 To be
considered competent or proficient to conduct an opera-

tion, a surgeon would need to consistently and repeatedly
tober 2019 1357



meet those relevant performance thresholds for relevant

assessments in each surgical domain.5

As objective surgical skill analysis research continues to

grow, consistent terminology will be critical in translating
objective measures into formative feedback, and eventu-

ally, valid assessments. The Quantified Performance Model

� accompanied by increasing abilities to measure perfor-

mance�may aid in clarifying the duality of surgical exper-

tise as an indication of professionalism and excellence.

The model will also serve to frame the development of

meaningful, targeted metrics. It may never be possible to

quantify the artistry inherent in advanced surgery or
define unique attributes of skill for complex operations.

But, it may be possible to identify performance with

enough specificity to discern surgeon progression from

novice, to competent, proficient, and beyond. Measuring

these thresholds with consistency could facilitate training,

aptitude testing, placement, remediation, and timing of

professional transition or retirement.
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