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Abstract. The field of simulation-based procedural education in medicine is undergoing rapid
development, with significant improvements in both graphic and tactile fidelity. As a consequence,
the use of simulation for competency assessment and credentialing is evolving rapidly. Establishing
the conceptual framework for developing such assessments using simulation is becoming critical to the
expansion of simulation-based education and assessment in medicine. Although medical literature
explores the educational theories in other aspects of medical education, the applicability of those
concepts to the simulation of time-critical and clinically dangerous procedures has not been addressed
explicitly. In particular, the issue of how one establishes standards for simulation-based procedures is
central to how simulation would be used for competency assessment. This article briefly reviews the
current medical education theories and discusses their applicability to simulation-based education. An
alternative methodology of standards setting involving the use of benchmarking may be more appro-
priate to assessing critical procedural skills. Although much of the existing simulation literature (and
practice) implicitly uses benchmarking methods, the conceptual framework that justifies its use has not
been discussed explicitly. Finally, the development of clinical benchmarks as the standards-setting
mechanism for procedural simulation-based learning, feedback, and assessment will be critical to
establishing the clinical relevance of simulation.
© 2008 Excerpta Medica Inc. All rights reserved.

KEYWORDS:
Medical education;
Simulation;
Minimally invasive
surgery
c
t
w
r
t
v
e
p
d

t
c
m
w

The past several years has witnessed the emergence of
he use of high-fidelity simulation to teach procedural-based
edicine. This includes computerized mannequins used to

each emergency resuscitation and airway management, as
ell as a growing number of surgical simulators. Although

hese can be used for clinical skills training, the focus of this
rticle is on their use in invasive and critical care procedures
n which there are performance time constraints in the
linical environment. The educational concept underpinning
he use of simulators has been to recognize that successful
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linical outcomes require the learning of not only simple
ask training goals but also clinical decision making, team-
ork, and deliberate practice.1,2 To date, the majority of

esearch into simulation-based procedural medical educa-
ion has focused on different aspects of its educational
alidity. In contrast to the cognitive medical education lit-
rature, the issue of standards setting in simulation-based
rocedural education has received relatively little explicit
ebate.2

Notwithstanding the absence of such a discussion within
he simulation literature, several investigators have taken a
ommon-sense approach to the issue, and have used bench-
arking to establish the competency standard.3,4 Although
hat might be the most appropriate group to use as a

enchmark reference is not agreed upon, this technique of
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tandard setting is distinct from that used previously in
edical education. In light of this recognition, it would be

seful to review how the educational process in simulation
ends itself to the use of benchmarking standards-setting for
ssessment.

he context of simulation-based procedural
ducation in medicine

Among the many other facets of medicine, an unwar-
anted intellectual distinction has sometimes been drawn
etween cognitive knowledge and procedural skills (eg,
onsider that several medical schools are colleges of Phy-
icians and Surgeons). Although this has been fodder for an
ndless stream of social commentary, there is, in fact, some
ustification for this distinction on a purely educational
asis. Based on the educational concepts of Fitts and Pos-
er5 and the assessment pyramid of Miller,6 the lower levels
f attainment (“knows,” “knows how”) can be learned ef-
ectively from the use of books, journals, lectures, and so
orth, whereas adequate education in procedural skills re-
uires an additional component of practice of the procedure
o be learned (“shows how”). In the context of this discus-
ion, the term procedure will not include clinical skills
raining or assessment because there is already an extensive
mount of literature reporting on the use of simulation in
uch settings.

The attainment of procedural competency can be viewed
rom 2 perspectives (Fig. 1). The most frequently discussed
s that of Fitts and Posner,5 in which skill competency
cquisition progresses from the cognitive level (can explain

igure 1 Diagram of the relationship between the level of skills
hat occurs within each skill level (right triangle). The Skills Develo
is terms listed on the left) and the modifications discussed by Fi

f skills development is entered, further improvement is achieved by the
nd demonstrate the task but cannot perform skills consis-
ently) to the integrative level (improved consistency of
erformance with fuller understanding of the skill, which
ermits constructive feedback) to the autonomous level (ba-
ic performance without active cognition, accompanied by
ognitive focus on continual improvement). This has been
laborated on by Ericsson,1 who identified deliberate prac-
ice as critical to the progression to the integrative phase of
otor skill acquisition, as well as being central to the

ransition from competency to expertise. In deliberate prac-
ice, specific components of the skill are identified and
racticed in an environment that provides immediate feed-
ack to promote improvement.

In parallel with this model of development, the nature of
he skills being learned also has a spectrum. In order of
ncreasing complexity the skills progress from single task
raining to integrated skills performance to performance of
he integrated skills in a team-oriented clinical environ-
ent.2,7,8 Within each of these stages, the student may have

o go through each of the psychomotor skills acquisition
evels before being able to advance to the next stage.9

Simulation-based medical training offers the opportunity
o gain and assesses these procedural skills through delib-
rate practice1,2,8,10 in an environment where no patient
arm can occur. It is gaining increasing prominence because
t also addresses the constraints on time and resources
eeded to train medical personnel with actual patients. As
as been observed by several investigators,2,8,10 the provi-
ion of immediate feedback in simulation is a critical com-
onent to its educational effectiveness. The feedback, which
s essentially formative assessment, is based on the com-
arison of the student performance to an established stan-

e to be learned (left triangle) and the process of skills acquisition
Triangle represents the original conceptualization of Miller6 (with
Posner5 (with their terms listed on the right). Once the top level
that ar
pment

tts and

use of Deliberate Practice, as described by Ericsson.1
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611J.D. Michelson and L. Manning Simulation-based procedural education
ard. The standard used for the summative assessment is
ither the same or similar. With the multitude of validated
easures that are possible under a simulation environ-
ent,11 the question remains as to which are clinically

elevant and how to use them in setting the performance
tandard.2

he potential roles for procedural simulation
n medicine

Simulation-based education in critical, time-constrained
rocedures is, or will be, increasingly integrated into the
ducational curriculum (undergraduate, postgraduate, and
ontinuing education). It is likely that simulation assess-
ents (such as the Toronto Objective Structured Assess-
ent of Technical Skills, McGill Inanimate System for
raining and Evaluation of Laparoscopic Skills, and the

mperial College Surgical Assessment Device) also will be
component of high-stakes examinations at the local or

ational level.2 Recently, it was proposed by the Food and
rug Administration and participating physician specialty

ocieties that credentialing for carotid stent placement
hould include satisfactory completion of a simulation-
ased course for stent placement.12 The Institute of Medi-
ine also has advocated that the introduction of new medical
echnologies should be accompanied by simulation-based
ducation and certification requirements.13

tandards-setting and the determination of
ompetency in simulation-based procedural
ducation

Given the potential patient harm that can occur if poten-
ially dangerous procedures are performed by inexperienced
ersonnel in the clinical setting, it is important to establish
methodology to effectively teach, and learn, these com-

lex procedures before clinical exposure. There is an exten-
ive amount of literature showing the various components
f validity for laparoscopic, endoscopic, and mannequin-
ased simulators.4,14–20 There also is emerging evidence
hat the skills learned in the simulation environment carry
ver to improved clinical performance (sometimes termed
ransfer validity).4,21–31 Ultimately, the goal is to establish
uch a strong linkage between simulation performance and
linical performance that competency in the latter can be
redicted by fulfilling a competency standard in the former.

Because such competency-based education using simu-
ation is the objective, the question becomes one of how
ompetency is declared in the simulation environment. Pre-
ious investigators have divided the performance indicators
nto 2 groups: the objective (modular) measures that can be
ollected as a by-product of the simulation (eg, task dura-
ion, error rates, economy of instrument manipulation, and

o forth), and the subjective (global) assessments made by d
he preceptor.32 There is generally good correlation between
hese 2 types of measures,21,33–35 but the specific modular
arameters that are predictive of overall performance may
e only a limited subset of what can be measured at a
ranular level.3

In both the clinical and simulation environments, the
ntersection between measuring performance and determin-
ng competency lays the issue of standard setting. Given that
he goal of medical education, and the assessment of learn-
ng, is to produce competent physicians, how does one go
bout setting the standard against which the performance of
tudents, residents, and established physicians is compared
uring their licensing and credentialing?

As reviewed elsewhere,36 the classic methods of stan-
ards-setting involve the determination of what is mini-
ally acceptable by a panel of one or more experts. One

ersion, called the Angoff method, is the most well known of
he absolute type of standard. In this process, a panel of
xperts estimates the performance of borderline students for
ach item in a test. This establishes the minimal passing
core. Another type of standards-setting explicitly incorpo-
ates more subjectivity. This is typified by the Hofstee
ethod, in which expert judges define the acceptable upper

nd lower limits for both passing scores and failing rates,
hen apply these to the known testing data to determine the
assing score. This involves the absolute application of the
elative judgments of what is an acceptable minimal passing
core to determine the standard. It also is recognized that the
ery act of setting the standards for competency by using
hese techniques involves subjective judgments36–40 and
oneducational influences.37 Given the inherent subjectivity
f these methods, it is not surprising that these various
tandard-setting methodologies can yield widely divergent
assing standards when used on the same test data.39–41

astly, an underlying policy consideration in the establish-
ent of these standards is that setting them too high would

ead to an unacceptable rate of failure—thereby limiting the
vailability of trained physicians, or overwhelming the abil-
ty of the educational system to remediate the deficien-
ies.37,39

One approach to addressing this difficulty in determining
ompetency is to anchor it to clinical patient outcomes.42–46

owever, there are very little data to determine the linkage
etween medical education and clinical outcomes for the
ajority of clinical situations. In large part this is owing to

he complex and poorly understood relationship between the
linical skills taught and how they subsequently are used
linically. This has sparked an interest in discovering those
inkages through techniques that have evolved for evi-
enced-based medicine.8,42–45,47

Historically, the procedural training standards have al-
ays been implicitly based on the performance of the pre-

epting surgeon. In recent years, this use of benchmarking
o establish procedural standards has been more formalized
y the advent of simulation. The simulation curricula stan-

ards are based on the performance of experienced expert
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urgeons3,4,8,23 using the simulation systems, thereby link-
ng the assessment standards to clinical benchmarks of ac-
eptable performance. The definition of what is expected is
etermined by the design of the simulation curriculum,
pecifically, the standards used for feedback during the
raining.

There are several consequences of this method of stan-
ards-setting. First, there is no allowance provided for non-
linical performance criteria in the standard (eg, how many
eople are desired to be trained, or how easy or difficult it
s to reach the standard). Allowing insufficiently skillful
hysicians to perform such procedures is not an option.
econd, because the simulation curriculum is based com-
letely on such clinically relevant standards, the entire ed-
cational process is focused explicitly on obtaining optimal
atient outcomes. Last, the distinction between formative
nd summative assessment in simulation becomes an arti-
cial boundary. The key educational process (deliberate
ractice1) consists of simulating the clinical situation, with
graduated degree of difficulty until the desired perfor-
ance is achieved, in conjunction with immediate feedback

rom clinical experts on the performance.8,31,48,49 This is
ypified in the study by Mayo et al,50 in which “The interns
ere debriefed extensively and given hands-on training by

he attending using the simulator until they achieved perfect
erformance.” By the time the formative stage of assess-
ent is completed, the student has essentially completed the

asks required to achieve competency. The only difference
s that for the summative evaluation the student runs
hrough the simulation without immediate feedback.

In simulation-based medical education, then, the stan-
ard-setting method is based explicitly on clinical bench-
arks, rather than a convocation of experts to determine
hat constitutes a passing score. Although this helps to

stablish a closer relationship between medical education
nd patient outcomes, it only serves to move the question of
ow to set the standard (in this case, the clinical benchmark)
o a different place—the clinical environment. However,
his is occurring at a time when there is a great deal of
nterest in, and study of, clinical care processes and how
hey can be measured and optimized. Consequently, there is

rapidly expanding body of knowledge of clinical care
easurements that is available for use in establishing

enchmarks at both the local and national levels. Current
ork in this field has been exploring various methods of

etting benchmarks, from modeling it after the best practi-
ioners in a medical center4,51 to sophisticated calculations
f benchmarks of the highest practical and achievable levels
f care.52–55

In the context of resident education, the benchmark stan-
ards can be adjusted easily for each postgraduate year level
y requiring an increasing subset of the full competency
enchmarks for higher residency levels. Currently, there
ill be some subjectivity involved in determining what

omponents of each procedural skill-set are appropriate at

ach level of residency training. It is likely that some con- u
ensus on these training benchmarks will be developed in
he near future within the surgical and procedural special-
ies. The basis of such milestone benchmarks may include
ontemporary performance abilities of the residents (which
ould be program-based or derived from specialty society
esident data). However, because the graduated acquisition
f skills through the residency years is designed to ulti-
ately result in complete competency based on faculty-

evel performance benchmarks, each year-level benchmark
ilestone also must be established from this broader per-

pective. Viewing the achievement of competency as a
ontinuum in simulation performance, it can be appreciated
hat the process of attaining the required mastery to move to
he next level of difficulty or complexity in a procedural
imulation will vary among residents, but their quantifiable
rogress can be used to tailor their educational experience
ppropriately.

urrent uses of benchmarking in
imulation-based assessment

The perspective has been expressed that medical educa-
ion should be seen to exist in the context of the overall
uality improvement framework in medicine.44 Conse-
uently, there should be a focus on defining the parameters
o be measured, measuring them, and benchmarking them to
ssess educational outcomes. This is the underlying concept
ehind the Best Evidence Medical Education Collabora-
ion,44 which is attempting to bring the practices of evi-
ence-based medicine to the study of medical education. In
review of the literature on the use of simulation on med-

cal education sponsored by the Best Evidence Medical
ducation Collaboration, it was noted that explicit reference

o educational outcome benchmarks was a critical element
n the effective use of simulation.8

Aside from the inherent linkage to clinical practice that is
rovided by benchmarking, there are other advantages of
his assessment methodology with respect to standards-set-
ing procedures such as the Angoff or Hofstee methods. In
ontrast with the consistency of assessment when bench-
arking is used,24,56,57 the difficulty in determining the

erformance level of the borderline student (required in the
atter type of procedures) leads to poor consistency in stan-
ards-setting.58 Furthermore, the passing grades established
y such methods vary significantly depending on which
pecific procedure is used.10,59 The lack of any explicit or
efinable linkage to clinical practice has led to comments
hat such standards-setting can appear to be arbitrary and
rawn from “thin air.”10

An implicit acceptance of this philosophy of perfor-
ance assessment, as opposed to the test-based methodol-

gies typified by the Angoff and Hofstee techniques, is the
ay in which simulation has been used in Quality Assess-
ent/Quality Improvement (QA/QI) activities. Primarily
sing computerized mannequins and endoscopic simulators,
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613J.D. Michelson and L. Manning Simulation-based procedural education
imulation has been used for ongoing educational assess-
ent of residents to guide future training.50,60–62 In this

etting, failure to reach the clinical benchmark for perfor-
ance is used to determine the subsequent educational

rogram. At the team level, it has been similarly used to
dentify educational targets for improvement63–66 or in for-
al QA activities such as Morbidity and Mortality confer-

nces.67 Following the approach of the Institute of Medi-
ine,13 several investigators have used simulators to develop
nd assess new clinical techniques and equipment (includ-
ng a systems approach to avoid design errors that predis-
ose to mistakes).68–72 All of these studies were based on a
re-established clinical benchmark for performance or out-
ome. The actual work environment itself also can be sub-
ect to evaluation using simulation in an effort to minimize
otentially distracting influences on clinical performance73

r to evaluate the preparedness to deal with equipment
ailure.74

Of course, the ultimate clinical QA/QI activity is that of
linical certification or credentialing. Although not yet thor-
ughly validated in this role,75 simulation-based assessment
s beginning to be incorporated into some Board examina-
ions76 because of its superior capacity to expose what the
xaminee can “show how” to perform in addition to show-
ng that she/he “knows how” what to do in a given clinical
ituation.10,56

he future of simulation and competency
ssessment

As the intrinsic validity of procedural simulation has
ecome established, attention is beginning to be focused on
sing procedural simulation as a tool in competency assess-
ent (eg, credentialing) and clinical process improvement

eg, retrospective and prospective QA/QI activities). The
ery nature of procedural simulation, however, leads to a
ifferent model of standards-setting than is currently prac-
iced in other educational assessments in medicine. The
xplicit relationship of simulation-based procedural educa-
ion to established clinical practice benchmarks leads to
n outcomes-based competency benchmarked assessment
trategy for simulation. In such a setting, using non–out-
omes-based standards-setting methodologies (eg, Angoff,
ofstee, and so forth) would only serve to weaken the link
etween competency assessment and clinical performance.

Although the use of clinical benchmarking as the stan-
ards-setting mechanism for procedural simulation-based
earning, feedback, and assessment is critical to establishing
he clinical relevance of simulation, it should be appreciated
hat this only heightens the need for more extensive and
etter-delineated evidenced-based clinical benchmarks.2 Al-
hough this is not trivial, there is emerging evidence that
rocedural simulation can be used effectively in the devel-

pment and testing of such benchmarks.68–72
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