Objectives

- The reader will understand the use

of different simulation methods to
train and assess physicians.

- The reader will understand how
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- The reader will understand the

challenges of using simulations to
assess physician competencies.
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widespread(1-4).IntheUnitedStates,mostmedicalschoolshavewell-established,

standardized patient (SP) programs for teaching clinical skills. Standardized
patients are laypeople who are trained to realistically and consistently portray actual
patients for purposes of assessment and/or training. In addition, many medical schools
have incorporated computer-based training modules, part-task-trainers (e.g., breast
models, pelvic models), and full-scale integrated simulators to aid in the instruction of
undergraduate medical students. The reasons for the increasing popularity of simula-
tion-based training are clear: They can provide students with realistic clinical experiences
without risks to patients; the tasks/scenarios can be designed to meet important needs,
with increasing complexity introduced in a controlled way; skills can be practiced repeat-
edly, with tailoring to individual needs; and the likelihood of transfer from instruction to
real-world situations is enhanced (5,6).

Similarly, simulations are increasingly used for assessment, both for low-stakes testsin
medicalschoolsandresidencytrainingprogramsandforhigh-stakeslicensingandcertifica-
tionexaminations.DozensofmedicalschoolsinNorth Americahaveimplemented end-of-
course, end-of-clerkship,and comprehensive examinationsinvolving SPs (7). The Medical
Council of Canada has used a multistation SP-based examination (Medical Council of
CanadaQualifying Examination Partll) as part of the licensure process since 1993 (8,9); the
Educational Commission for Foreign Medical Graduates (ECFMG) introduced the Clinical
Skills Assessmentin 1998 as part of the certification requirements forgraduates of interna-
tional medical schools (10); and the General Medical Council of the United Kingdom has
conducted an SP-based assessmentas one component of the Professional Linguisticsand
AssessmentBoardexaminationsinceroughlythesametime(11).Beginninginthesummer
0f 2004, a high-stakes, SP-based examination will be included in the United States Medical
Licensing Examination (USMLE). For medical students graduating in 2005 or thereafter,
passing this examination, known as USMLE Step 2 Clinical Skills (CS), will be required for
licensureinallUSjurisdictions.Inaddition,anothersimulation-basedassessmentmethod,
computer-based case simulations, has been used in USMLE Step 3 since 1999.

Onthehorizonareavariety of othersimulation-based assessment methods, including
part-task-trainers (e.g., pelvic replicas) for teaching and testing psychomotor skills, virtual
realityand haptic systemsforteachingandtesting surgical and other skills,and integrated
simulators combining sophisticated life-size mannequinswith computer programsallow-
ing the mannequins to produce realistic physiological responses to pharmacologic and
otherinterventions.These methods hold promise for testing the proficiency of individual
members of healthcare teams and, for high-fidelity operating-room theater-type simula-
tors, for the teams as a whole (12).

Although the fidelity, cost, and efficiency of simulation-based assessment methods
varyextensively, their utility for high-stakesassessmentdependscrucially on their psycho-
metric characteristics. In this chapter, we summarize a range of simulation-based assess-
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ment methods, review their current use in USMLE, and then
discuss some of the psychometric challenges that mustbe met
for their promise to be fully realized. Following this, we provide
someguidelinesfordevelopingsimulation-basedassessments,
drawing heavily on the existing literature for SP assessments.
Finally, given the emerging role of integrated simulators (man-
nequins) for both formative and summative assessment, we
outline their potential use for credentialing and certification
decisions.

TypesofSimulations:The Fidelity Continuum

Simulations are designed to reproduce some aspect of the
working environment. This may vary from the replication of
a few aspects of a clinical task to the re-creation of an entire
clinical environment, such as an operating theater. It is con-
venient to divide the environment into displays and surround
(13). Displays are those environmental stimuli that are directly
andintentionallyinfluentialin task performance, while the sur-
round includes other stimuli that may influence performance
indirectly or unintentionally. Generally, simulations replicate
onlysomeaspectsofthedisplaysand surround,andthefidelity
of a simulation—its degree of realism or authenticity—ranges
along a scale from completely artificial to the actual real-life
situation. Fidelity is not unidimensional: any real-life situation
is multifaceted, and only some characteristics of the environ-
mentarereproduced.Differentsimulationmethodsresultfrom
makingdifferentdecisionsabouttheaspectsoftheenvironment
thatareimportanttoreproduce. Generally, these decisions are
guided by the purpose of the assessmentand the skills that the
testis intended to measure.

One might view multiple-choice questions (MCQs) as sim-
ulations(atleastthosethatbeginwithabriefpatientdescription
andrequireexamineestomakeaclinicaldecision)atthelowend
ofthefidelitycontinuum,whichprovideanassessmentofexam-
inees'abilitytoapplytheirknowledgetowrittendescriptions of
casesituations.Assessmentsusing SPslieattheotherend ofthe
fidelity continuum, providing a realistic context for measuring
theskillsinvolvedintaking a history and performing a physical
examination. Computer-based clinical simulations, part-task-
trainers,andintegrated simulatorsfallin between.Anoverview
ofeachisprovidedinthenextsubsections;ifthemethodisused
in USMLE, the overview summarizes how it is used.

Multiple-Choice Questions

Patient-based MCQs have been used for decades; they have
appeared in all three steps since the introduction of USMLE in
1992.InStep 1,thesetaketheformofbriefdescriptionsofpatient
caresituationsfollowedbyquestionschallengingexamineesto
use theirunderstanding of basic biomedical science to explain
or predict patient findings (14). Roughly 60% of the items on
Step 1 currently take thisform.In Step 2, virtually allitems begin
with a description of a clinical situation; these are longer and
lessclassicthan patientdescriptionsonStep 1.Examinees must
differentiate importantfindings fromincidental onesandindi-
cateaclinical decision, generally adiagnosis or the next stepin

patientcare(15).Step3testitemsalsoprovidearobustdescrip-
tionofaphysician-patientencounter.ltemsareoftenpresented
in a format termed “case clusters,” in which a series of MCQs
address different facets of an unfolding clinical situation (16).

Across all three steps, the MCQs are best viewed as a form
of low-fidelity patientsimulationsaimed atassessment of deci-
sion-making skills. The degree of fidelity depends, in part,upon
the length of the patient description (17). Table 1 provides two
versionsofasample MCQthatvaryindetailandinthe extentto
which patientfindingsare providedininterpreted versus undi-
gestedformat,illustrating howfidelity canvaryacross MCQs.In
the future, the fidelity of MCQs on USMLE is likely to increase,
asallthreestepstakeadvantageofcomputer-basedtestadmin-
istration to incorporate multimedia into item “stems,” thus
enriching patient presentations.

Computer-Based Clinical Simulations

Computer-basedclinical simulations (andbeforethem, written
clinical simulations, also termed patient-management prob-
lems) have beenusedinmedicaleducationsincethe 1960sand
in assessment for almost that long (18). The Primum version
of computer-based case simulations (CCS) was introduced in
USMLEStep3in 1999;itwasthefirstmajorchangeinthe USMLE
format since its inception. In CCS, the examinee is presented
withabriefdescription ofa patient,includingachief complaint
and a brief history (16,19). From that point forward, the case
unfoldsasthe examinee works upand managesthe computer-
simulated patient, obtaining diagnosticinformation, ordering
therapeuticinterventions,andmonitoringpatientprogress.Any
of severalthousanddiagnosticand therapeuticmaneuverscan
berequested bytheexamineeinfreetextonan“ordersheet.As
simulatedtimepasses,thepatient’sconditionchangesbasedon
the underlying medical problem and the examinee’s interven-
tions; results of tests are reported and the impact of interven-
tionsmustbemonitored.ExamineesarescoredonCCSusingan
algorithmthatessentiallycomparestheirpatientmanagement
strategies with policies obtained from experienced clinicians.
Examinees must balance thoroughness, efficiency, timeliness,
and avoidance of risk in responding to clinical situations with
dangerousand unnecessary actions that lower scores. Though
CCS cases have proven expensive to develop, administer, and
score,psychometricanalyseshaveindicatedthat CCSmeasures
something somewhat differently than do MCQs, with areason-
able degree of precision (20,21).

Though not currently usedin USMLE, itis clearly possible to
furtherincrease the fidelity of computer-based clinical simula-
tions through the incorporation of multimedia. It is a reason-
able expectation that this will occur within the next few years.

Part-Task-Trainers

Part-task-trainers are designed to replicate only a portion of
therealclinicalenvironment.Generally,thesetrainersresemble
anatomicalareasofthebody(pelvicandbreasttrainers,models
for soft tissue and joint injection, skin pads) and are used to
provide training in the basic psychomotor skills involved in



performing physical examinationmaneuversand minorproce-
dures(e.g.,venipuncture,catheterization,incisionanddrainage
of abscesses).

Part-task-trainers are not currently used on USMLE, though
they may be introduced into the Step 2 Clinical Skills examina-
tion in the near future (22), and they were used on the original
National Board examination given in 1916 (23). The part-task-
trainers are coming into common use by medical schools and
residencyprogramsforassessingpsychomotor(particularlysur-
gical) skills (24-27).

Integrated Simulators

Integratedsimulatorscombinepart-orwhole-bodymannequins
with computers thatdrive the findings“portrayed”by the simu-
lator (28). Some mannequins can produce sounds that create
theimpression of the“patient”talking, physical signsincluding
pulseand heartsounds,and even pupillary reactionsand urine
output.Computer-generatedphysiologicalsignalscanbefedto
clinical monitoring equipmentallowing results of simple (elec-
trocardiogram,noninvasiveblood pressure,oxygensaturation)
andcomplex(centralvenous,pulmonaryartery,andintracranial
pressure) monitoring to be reported. Pharmacologicand other
interventions (e.g., provision of oxygen and administration of
fluid) can be automatically“sensed,"with display of appropriate
effects.

Although high-fidelity integrated simulators are currently
quite costly, their use in clinical training is growing rapidly
(3,4,12,29,30), both in undergraduate and graduate medical
education. Their use in assessment, thus far, has tended to be
for lower-stakes examinations intended to provide a basis for
feedbackonareasofexamineestrengthandweakness,butthese
methods hold promise for use in high-stakes examinations as
well, in part because they have some notable advantages over
SP-based assessments. First, they can be used to model rare
events,especiallythosewhereerrorsarenotreversible.Second,
thetypesofconditionsthatcanbemodeledwithSPsarelimited;
for example, it is difficult to use SPs for trauma-type scenarios.
Most importantly, since real-time responses to therapeutic
interventionscanbemodeled,themanagementofpatientcon-
ditionsrequiringdrugandotherinterventionscanbeassessed;
SP-basedassessmentsrarelyincludepatientmanagementaspart
of theinteraction. For acute care scenarios such as anaphylaxis
ormyocardialinfarction,wheremanagementdecisionsarecriti-
cal, life-sizemannequins seemlikely tobecometheassessment
method of choice.

Standardized Patient Assessments

SPs are nonphysicians taught to portray patientsin a standard-
izedandconsistentfashion.SPscanbeasymptomatic,cansimu-
late a wide variety of abnormal physical findings, or may have
adisease with stable physical findings. Examineesinteract with
SPsasthoughtheywereinterviewing,examining,and counsel-
ling real patients (31,32).

Tests involving SPs are often called “objective structured
clinical examinations” (33). These are administered by having
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Table1. Samplemultiple-choicequestionsinnonvignetteandvignette

formats.

Whichofthefollowingrenalabnormalitiesismostlikelytobepresentin

a child with nephrotic syndrome and normal renal function?

a. Acute poststreptococcal glomerulonephritis

b. Hemolytic-uremic syndrome

¢. Minimal change nephrotic syndrome

d. Nephroticsyndromeduetofocalandsegmentalglomerulosclerosis
e. Schonlein-Henoch purpura with nephritis

A2-year-oldAfrican-Americanchildisbroughttothephysicianbyhis
motherbecausehedevelopedswellingoftheeyesandanklesover
the past week. Blood pressure is 100/60 mm Hg, pulseis 110/min,
andrespirationsare 28/min.Inaddition to swelling of his eyes and
2+ pittingedemaofhisankles,he hasabdominal distentionwitha
positivefluidwave.Serumconcentrationsareasfollows:creatinine
0.4mg/dL;albumin1.4g/dL;andcholesterol569mg/dL.Urinalysis
shows4+proteinandnoblood.Whichofthefollowingisthemostlikely
diagnosis?

a. Acute poststreptococcal glomerulonephritis

b. Hemolytic-uremic syndrome

¢. Minimal change nephrotic syndrome

d. Nephroticsyndromeduetofocalandsegmentalglomerulosclerosis
e. Schonlein-Henoch purpura with nephritis.

examinees rotate around a circuit of “stations” at which they
performavarietyofclinicaltasks.Dependinguponthepurpose
andformatofthetest,thesemayincludeactivitiessuchastaking
a history from an SP, performing some portion of a physical
examination, providing counselling or patient education, and
ordering or interpreting diagnostic studies. Often, SPs are
trained to complete checklists and rating forms at the end of
encounters, recording thehistoryfindings obtained, the physi-
cal examination maneuvers performed, and the counselling
provided, as well as rating communication skills of examin-
ees. Alternatively, physician-raters may observe SP-examinee
encountersand completechecklistsandratingforms.Thetime
allowed ateach station can vary from afew minutes toan hour,
depending upon the tasks to be performed; most commonly,
stations last from 10 to 30 minutes.

SP-basedexaminationshavebeenusedinhigh-stakesexam-
inations for more than a decade. Based on examinee volume,
the SP-based ECFMG Clinical Skills Assessment s probably the
largest hands-on, simulation-based examination in medicine
(34). Since 1998, the ECFMG has tested over 43,000 graduates
ofinternationalmedicalschools.In2003 alone,over 11,500test
administrationswereconducted,includingmorethan 120,000
encounters between examinees and SPs. The Clinical Skills
Assessmentassessesclinicalskillsinfourdistinctdomains:data
gathering (history taking and physical examination), written
communication, interpersonal skills, and spoken English pro-
ficiency (35).

The ECFMG and the National Board of Medical Examiners
workedtogetherforseveralyearstointroducethe USMLEStep2
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Clinical Skills examination in June of 2004. Step 2 Clinical Skills
isa1-daytestthathasastructuresimilartoaphysician’sworkday
inan ambulatory setting. Each examinee sees a series of 12 SPs
andinteractswiththemasiftheywererealpatients:establishing
rapport, eliciting pertinent historical information, performing
afocused physical examination, responding to questions, and
providing counseling when appropriate. After each 15-minute
encounterwithanSP,theexamineehas 10 minutestocomplete
apatientnote,recordingpertinentpositiveandnegativehistory
and physical findings, listing diagnostic impressions, and out-
lining plans for further evaluation (36). (These notes are subse-
quentlyscoredholistically by trained physicianraters.) Whilean
examineecompletesapatientnote,theSPfillsoutacase-specific
checklist documenting the history findings obtained and the
physical examination maneuvers performed.The SP also com-
pletes a rating form assessing the examinee’s communication,
interpersonal, and English-speaking skills (37).

ReliabilityandValidityofScoresonSimulation-
Based Assessments

According to the Standards for Educational and Psychological
Testing (38,39), validity “refers to the appropriateness, mean-
ingfulness,andusefulnessofspecificinferencesmadefromtest
scores.” Validity, thus, is not a property of a test, but a prop-
erty of the inferences made from test scores, and the same test
may produce scores that are valid for some purposes but not
for others.Regardless of whether an assessmentis based upon
responsestoasetof MCQs, behaviorwith real patientsinactual
practice, orperformanceononeoraseriesof simulations, there
are at least three links in the chain of inferences required to
interpret a score (40,41):

1. Evaluation(scoring)oftheperformanceathand—decid-
ingwhethertheperformanceisgood,poor,orsomewhere
in between

2. Generalizationofresultsfromtheobservedperformance
to other similarly structured, but not identical, tests

3. Extrapolationoftheresultsfromtheassessmentcontext
to expected performance in actual practice

Andthechain ofinferences supporting the validinterpretation
of test scores is only as strong as its weakest link.

Different assessment methods run into problems at differ-
ent pointsin the inference chain. For example, suppose we are
interestedinexaminees’abilitytomakeappropriatepatientcare
decisions in some domain of medical practice,and we develop
an MCQ test consisting of 100 items, each of which describes
a clinical situation in that domain and requires examinees to
indicate the next step in patient care. The evaluation and gen-
eralization links for interpretation of scores on an MCQ test
like this one tend to be very strong. Assuming that items are
written and reviewed carefully, they should each have a clearly
correctanswer,soevaluationoftheperformanceathandshould
be straightforward. Because relatively large numbers of MCQs
canbeincluded on even short tests (e.g., a 100-item test might
require two hours of testing time), it is likely that total scores
onthetest will be reproducible: they will be strongly related to
scores on similar tests covering similar content but with differ-

entitems.The weak link for interpretation of scores on an MCQ
testtendstobeextrapolation,whichismostplausiblewhenthe
observedperformanceisverysimilartothe performanceabout
which conclusions are wanted—and this clearly is not the case
for our hypothetical MCQ exam. However, if the test is system-
atically constructed to consist of items describing commonly
occurring patientsituations posing“can’t-afford-to-miss”-type
questions,itmayindeedbe plausibletobelievethatexaminees
receivinglowscoreswillnotbeabletoprovidesafeandeffective
patientcare,thoughtheoppositemaynotbebelievableforthose
achieving high scores (41).

The pattern of strengths and weaknesses for observing
patient carein actual practice is the opposite of the pattern for
MCQs: evaluation and generalization tend to be problematic,
whileextrapolationtendstobeastrength(40).Typically, thereis
littlecontroloverthecasesthatprovidethebasisforassessment
in actual practice. Often, encounters in practice are either too
simple (apatientwithwell-controlled blood pressureneedinga
hypertensionrecheck)ortoocomplicated(apatientwithathick
chart documenting multiple visits for long-standing, complex
multisystem disease). For the latter, experts may disagree on
therelative merits of the care thathasbeen provided (or should
have been provided), thus weakening the evaluation link.Even
ifthereareagreed-uponpracticeguidelinesforthe condition(s)
under study, generally some judgment is required in order to
apply general guidelines to the care of an individual patient,
introducingthe potentialforsubjectivityandbiasinevaluation.
Inaddition, performance mayjustifiably be influenced by char-
acteristicsofthespecificpatientinvolvedorbycontextvariables
beyond the control of both the evaluator and the practitioner.
Generalization is likely to be poor because it is often difficult
andinconvenient to obtain information about performancein
practice, resulting in small, nonrepresentative samples of prac-
tice behaviorfrom which inferences are to be drawn about per-
formance more generally.

As discussed in the later subsection on generalization, the
quality of care provided on one case tends to be a poor pre-
dictor of the quality of care provided on other cases (regardless
oftheassessmentmethodused),sosmallconveniencesamples
drawn from actual practice may not provide a very accurate
basis for assessing general level of performance. However, if
an assessment is based upon performance in actual practice,
extrapolation should beless of a problem.Clearly, though, ifan
“examinee”knowsthatparticularencountersarebeing”scored,’
thismaycause better (orworse) performance.Ensuringthatthe
measurement process is unobtrusive is probably particularly
important if aspects of professional behavior are of interest in
theassessment:anexamineeisnotlikelytoengageinunprofes-
sionalbehaviorifhe/she knows that specificencounterswillbe
used for assessment purposes (40).

Because of variability in the types of simulationsandin how
they may be configured for use in assessments, it is difficult to
comeupwithjustifiable,generalconclusionsaboutthestrength
of the evaluation, generalization, and extrapolation links for
simulation-basedmethods.|fsimulationscenariosarecarefully
and deliberately developed with scoring in mind (33), scoring
can be fairly objective and the evaluation link can be strong.



Similarly, if the test includes enough scenarios (though this is
generally not true—[32,42]) and multiple raters participate in
theassessment,thegeneralizationlinkcanbestrong.And,tothe
extentthatkeyelementsoftherealclinical settingareincorpo-
rated into the simulation, extrapolation can be strong as well.
Unfortunately,dependinguponthecareusedindevelopingthe
simulations, the testlength, and other factors, all of these links
can be weak as well.In the next subsections, we review each of
thesein more detail in the context of simulation-based assess-
ments.

Evaluation:ApproachestoandProblemsinScoringof
Simulations

Regardless of the type or fidelity of a simulation-based assess-
ment method, there are four types of criteria that are com-
monly used togenerate scores:explicit process criteria, explicit
outcomecriteria,implicitprocesscriteria,andimplicitoutcome
criteria;combinationsofthesetypesofcriteriacanalsobeused.
Table 2 provides examples of each type of criteria. The decision
on which criteria to use generally depends on the skills to be
measured, how those skills are manifested in examinee behav-
ior,and to a degree, convenience. As a simple example, either
implicit or explicit outcome criteria are generally appropriate
for grading essays (e.g., a referral letter)—there is not much
additional information to be gained by observing the exam-
inee writing the essay. In contrast, for clinical situations where
the linkage between clinical process and (simulated) patient
outcome is weak, the use of process-oriented criteria is gener-
ally more appropriate (43). Often, process criteria are more rel-
evanttodeterminingifthecare provided conformstoaccepted
standards.

With some variation, depending on the type of simulation
and purpose of the examination, explicit process criteria are
probably the most commonly used. These can vary widely in
nature, from use of very detailed scoring criteria that assign a
weight to every action taken by an examinee to very selective
scoring criteria thatfocusin on key clinical decisions.The latter
approachismorecommoninhigh-stakesexaminations,though
theformercanbeveryusefulinformativeassessmentsbecause
it tends to enable provision of more detailed feedback on per-
formance.

From a research perspective, much of the research on
scoringhastakenplaceusingdatafromSPassessments.Detailed
information related to scoring of simulations generally and SP-
based tests specifically can be found in Swanson (42) and van
der Vleuten and Swanson (32). For history-taking and physi-
cal examination skills, checklists are often used to document
examineeperformance.Thechecklistsarecase-specific, reflect-
ing the history and physical findings that should be obtained
for a patient with a given presenting complaint. The checklists
normally consist of explicit process criteria (e.g., questions
askedorfindingsobtained)and canbeweightedtotakeimpor-
tance into account. It is generally difficult to incorporate data
gathering sequence into score calculation, at least if the SP is
responsibleforcompleting the checklist. Alternately, provided
thatindividuals with clinical expertise are available to serve as
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Table 2. Types of Criteria Used in Scoring Simulations

Types of Criteria Example

Explicit Process Case-specific checklist used in
a standardized patient chest-
painstationtorecordthehistory
findings obtained and physical
examinationmaneuversperformed

by an examinee

Implicit Process Global judgment of a physician-
raterobservinganexaminee’swork
withanintegrated simulatorina

trauma-type scenario

Explicit Outcome Indicatorsofoverallpatientstatus
(alive vs dead; complications;
physiological indicators) at the
conclusionofacomputer-based

clinical simulation

Implicit Outcome Global judgment of a physician-
raterinspectingthesuturesmade

by an examinee on a skin pad

Combined Criteria Task-specific checklist of explicit
process and outcome criteria for
observationandinspectionofan
end-to-end anastomosis of pig

bowel

raters, holistic ratings can be obtained either in real time or by
videotape review. Here, various rubrics can be used to obtain
“expert” ratings of performance. These rubrics are normally
based on implicit process criteria (e.g., interacts appropriately
with the patient, asks relevant questions) and yield scores that
reflect examinees’overall proficiencyininteracting with the SP.
However, depending on the purpose of the assessment, rater
training, and the particular clinical skill being assessed, rea-
sonablyaccurate scorescanbeobtained, regardlessof whether
explicit or implicit process criteria are employed (44,45).
DevelopmentofscoringchecklistsforSP-basedassessments
isfairlystraightforward.Forexample,one could modelanatypi-
cal pneumonia case where a 19-year-old woman comes to the
clinic because of a cold for the past week. Symptoms such as
fatigue, diffuse muscleaches, nonproductive cough,andsharp
pain in the front of the chest could be simulated quite easily. If
onewereassessingbasicinterviewingandphysicalexamination
skills,therewould beanumberofhistory-taking checklistitems
that could be used (e.g., physician asks about muscle or body
aches,fever,painwhentakingadeepbreath, medications,vom-
iting).Likewise,itemsonaphysicalexaminationchecklistmight
includeexaminationofthethroat, flexingofthe neck, palpation
of the anterior cervical lymph notes, etc. The SP being inter-
viewed and examined, or some secondary observer, can easily
documentwhattheexamineedidanddidnotdo.Theexaminee’s
scoreissimplythepercentageofhistory-takingquestionsasked
(or findings obtained) and physical examination maneuvers
performed. Individual checklist items can also be weighted to
reflect their clinicalimportance. The use of checklists is advan-
tageous foranumber of reasons. First, documenting the ques-
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tions asked and physical examination maneuvers performed
are relatively objective tasks. Also, with proper training, raters
can be reasonably accurate (37). Second, if the checklist is well
constructed,thepercentageoffindingsobtainedispredictiveof
“expert” holistic ratings (46).

Explicit process criteria have also been used for written
and computer-based clinical simulations, though problems
with such scoringkeys have beencommonlyencountered (18).
In many clinical situations, a broad range of patient manage-
ment strategies are possible, and it can be difficult to develop
scoring keys thatappropriately reward different strategies that
are similarin quality and similar strategies that differ in quality,
inpartbecauseofdifferencesinexamineeresponsestyle.Some
examineesapproachclinicalsimulationsasiftheyareplayingthe
game, TwentyQuestions:theyuseanefficientapproach, taking
only those actions absolutely necessary for patient manage-
ment. Other examinees use amore thorough approach, taking
all actions that are not contraindicated. More detailed scoring
keys typically reward the thorough examinee and penalize the
efficientexaminee, anditis possible torack up points using the
thorough approach, with scores tending to reflect the number
of actions taken as well as the quality of those actions. In some
research,comparedwithphysicians-in-training,practicingphy-
siciansweremorelikelytoadopttheefficient,Twenty-Questions
approach,takingshortcutsbaseduponclinicalexperience.Asa
result,studiescomparingperformanceofexperiencedclinicians
with physicians-in-training have produced some anomalous
results (18).

Because of problems in scoring, it is important to explore
alternate approaches. A good example comes from a study of
computer-basedclinicalsimulationsdonebytheNationalBoard
of Medical Examinersand American Board of Internal Medicine
(1981).Twoscoringmethodswereused.Inone,everyexaminee
selection was scored; this might be termed the“trees”method.
For the other, only major patient care decisions were scored;
this might be termed the “forest” method. Reliability analyses
indicatedthatthetrees-typescoringmethodyieldedscoresthat
werefarmorereproducibleacross cases, probably because this
method differentiated examinees using an efficient “Twenty-
Questions” test-taking strategy from those adopting a more
thorough approach. In the study, expert physicians rated tran-
scripts summarizing examinee selections on each case. Results
indicated high correlations between expertratings and forest-
typescoresbutlowcorrelationsbetweenratingsandtrees-type
scores.Thus, the morereliable scores were less-valid indicators
of the quality of performance. This study, as well as results of
research on clinical simulations more generally, was crucial in
developingimprovedscoringsystemsforthenewgenerationof
computer-based clinical simulations (21,47).

Not surprisingly, checklist scoring has also beenattempted
forassessmentsthatusemannequin-basedcases(48,49).Similar
toSPcases,checklistscanbeeasilydevelopedforacute-caresce-
narios typically modeled using mannequins. Forexample, one
could easily model an anaphylaxis case where the physician is
called to see ayoung woman who is in the recovery room fol-
lowingatonsillectomy.Sheisnotawakeandisthrashinginbed
with an occasional paroxysm of coughing. Depending on the

sophistication of the mannequin, vital signs (e.g., blood pres-
sure=85/60) could also be modeled with reasonable fidelity.
Forthis type of simulated patient, a checklist could also be con-
structed:establishcompleteneuromuscularrecovery,auscultate
chest, diagnose presence of bilateral wheeze, request bolus of
intravenousfluids,intravenous epinephrine (correctdose), etc.
However, unlikeSPassessments,itisnotpossibleforthe patient
to record the physician actions. Instead, scorers (e.g., nurses,
physicians) can document examinee events in real time or via
videotape review. This process can be aided by a simultaneous
fulldisplay of patientvital signs(e.g., pulse oximetry, electrocar-
diogram,blood pressure).Whileresearchontheuseof checklist
scoringformannequin-basedscenariosisrelativelysparse,some
studies suggest that they can be used to discriminate between
broad levels of performance (2).
Theuseofcheckliststoscoremannequin-basedcases,espe-
ciallythosethatmodelacutecarescenarios,canbeproblematic.
First,insuchsituations, certainactionsare typically much more
important than others. While weighting these more heavily in
thescoringrubricmayalleviate the problem, there may belittle
consensus onwhat the weights should be. Moreimportantly, if
theweightsareextremelylargeornegativeweightingisincorpo-
rated (e.g., subtractingpointsfornegativeactionssuchasincor-
rectdrugdosages),scoringcanbecomplex,andthereliability of
anydecisionsregardingcompetencycanbecompromised.Here,
dependingontheweightingschema,examineescouldobtaina
high or low score for a given scenario based on a single action.
While this may be realistic, significant measurement error can
beintroduced if the score for an entire simulation is effectively
basedonasingleaction.Second, unlike SP-basedassessments,
thetimingandsequenceofspecificactionsisessential. Although
there shouldbeareasonableordering of data-gatheringactivi-
ties in a typical patient interview, asking about muscle aches
before or after medication usage does not really matter much.
In contrast, foracute care scenarios, the order of specificactions
can be critical. Providing intravenous fluids prior to establish-
ing an airway would definitely be inappropriate. Foracute care
mannequin-basedscenarios, timingcan becritical. Fortheana-
phylaxis case mentioned previously, the time to make a correct
diagnosis will affect management decisions (e.g., epinephrine
dose), which in turn could seriously impact patient outcome.
Although detailed checklists have been constructed for
mannequin-based simulations (48), other ways of quantify-
ing examinee performance, including those based on implicit
processcriteriaor patientoutcomes (explicitoutcomecriteria),
may be more useful. Global scoring, where an expertprovidesa
holistic rating of the overall performance, has been commonly
used. Although this type of scoring has been criticized because
of subjectivity, with proper training experts can provide scores
that are both reliable and valid (2,36,50). Unfortunately, for
mannequin-basedassessmentswithcomplexpatientmanifesta-
tions, the experts would need to be physicians, and this could
substantially increase the cost of any assessment. Key actions
could also be used to score performances. For many acute care
scenarios, therearearelatively smallnumberofkeyactionsthat
one would expect of the physician. For a ventricular tachycar-
dia case, one would expect the examinee to make a diagnosis,



initiate a correct therapy forarrhythmia, and shock the patient.
If the scenario timing is relatively brief (say, 5 minutes), then
one couldsimplyscoretheseexplicitprocessactions.This strat-
egy would be efficient and relatively objective. Likewise, one
could also incorporate a factor related to speed of response by
timing these actions and building this into the scoring rubric,
with the examinees performing the key actions sooner receiv-
ing additional points. The scoring system could also be based
onpatientoutcomes.Forexample, followingrespiratoryfailure
andintubation, thedesiredoutcomewouldbeeffectiveventila-
tion (explicit outcome). Here, physiological monitors could be
usedtodevelopscoringalgorithmsthatrewardedexamineesfor
actionsthatledtopatientimprovementandpenalizedthemfor
actions that led to negative outcomes (e.g., death).

Generalization: Sources of Measurement Error in
Simulation-Based Test Scores

The purpose of any assessment is to permit inferences to be
drawn concerning the proficiency of examinees—more spe-
cifically, inferences that extend beyond the particular clinical
situationsincludedintheassessmenttothelargerdomainfrom
whichtheclinicalsituationsintheassessmentarebutasample.
Performance onthesample providesabasisforestimating pro-
ficiency in the broader domain that is actually of interest.
Dependingonthenatureofthesample,thoseestimatescan
be moreorlessgeneralizable (reliable, reproducible): they may
provide a good or a poor basis for predicting performance on
other similar but notidentical assessments. If the sampleis too
small, estimates of examinee proficiency are not reproducible
fromoneassessmenttothenext.Ifthesampleisnotrepresenta-
tive of the broader domain of interest (e.g., including only criti-
cal care situations in a test of competence in anesthesiology),
test results will be biased and will not provide a good basis for
estimating proficiencyinthedomainthatisactually of interest.
Most tests of clinical competence, regardless of the spe-
cificassessment method used, can be viewed within the sam-
pling framework illustrated in Figure. For each examinee, a test
is composed of a sample of cases (simulated clinical scenarios
in the context of this writing) from a domain of cases and a
sample of judges/raters from adomain of judges/raters. Within
this framework, inter-rater agreement (reliability) is the extent
to which judges agree in assigning scores to an examinee on a
particular case. In contrast, one might use the term“inter-case”
reliability to refer to the extent to which an examinee obtains
similar scores on different cases from the same judge. For an
estimate of an examinee’s competence in adomain to be gen-
eralizable, an adequate number of both judges and cases must
besampledintheassessment.Thus, testdesign can beviewed,
in part, as the development of a “sampling plan”for cases and
judges, and not all sampling plans are equally effective. In the
figure, thesampling planillustrated by therowof cellslabeled A
(callitthe”inquisition model”) includes an adequate sample of
judges,butonlyasinglecase;testscoresgeneratedusingthisand
similarapproacheswillnotbegeneralizablebecausethenumber
of casesincluded in the sampleis too small. The sampling plan
illustrated bythecolumnofcellslabeledBincludesanadequate
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sampleofcases,butonlyasinglejudgeisevaluatingperformance.
Asaconsequence, thescorereceivedbyagivenexamineewillbe
heavilyinfluencedbythestringencyofthejudge:ifanexaminee
isassigned to a“hawk,"he or she will tend to receive scores that
aretoo low, and thereverseistrue ifan examineeis assigned to
a“dove!" This has been a common problem in conduct of oral
examinations:pass/failoutcomestendtobemoredeterminedby
thestringency/leniencyofthejudgethantheproficiencyofthe
examinee.Thediagonal of cellslabeled CintheFigureillustrates
anefficientsamplingplan:ifadifferentjudgeisassignedtoeach
case,themaximumnumbersofjudgesandcasesareincludedin
the sample, producing the mostgeneralizable scoreforagiven
test length and amount of judge-time.

Ironically, most assessments of clinical competence have
focused on ensuring adequate inter-rater agreement, without
attending to variation in performance across clinical situa-
tions. Yet, in virtually all studies, regardless of the assessment
techniqueused, differencesinanexaminee’sperformancefrom
one clinical situation to another are as large, or larger, than the
differences across judges for the same clinical situation. For
example, forscores onan SP-based assessment of clinical skills,
severalhoursoftestingtimeand 10ormorecasesarerequiredto
obtainascorethatissufficientlygeneralizableforuseinmaking
high-stakes decisions (32,51). The same is true for assessment
of decision-making skills with computer-based clinical simu-
lations (18,52,53). Comparable results have been obtained for
assessmentsusingoralexaminations,chartaudit,andratingsof
performance provided by patients, nurses,and medical faculty
(54).

These findings imply that it is important to include a large
sample of clinical situations in simulation-based assessments,
as well as large numbers of judges. Specific numbers will vary
depending upon the skills to be tested, the breadth of the clini-
cal domain of interest, the control that can be exercised over
the testing situation, the training of the raters, the preparation
of guides to scoring, and other factors. Statistical techniques
(termed generalizability studies) have been developed specifi-
callyforthepurposeofinvestigatingsamplingrequirementsfor
alternateassessmentmethodsandforevaluatingalternatesam-
pling approaches (55-57).

Extrapolation: Inferring Real-World Behavior from
Simulation-Based Test Scores

Thedesiretostrengthenthe extrapolation link while maintain-
ing good control over test contentand scoring provides (often
tacitly) much of the motivation for use of simulation-based
assessment methods. Developers of simulation-based assess-
ments often seek to test professional judgment and problem-
solving skillsin realistic contexts, challenging examinees to set
prioritiesand deal with the subtleties ofimportant clinical situ-
ations in a safe environment. In adopting this approach, they,
in effect, are attempting to short-circuit questions of validity by
simulating the real-world clinical situations of ultimate inter-
est as closely as possible (40). Use of high-fidelity simulations
can,however,introducethe sameextraneousfactorsthatmake
it difficult to use behavior in the real practice setting as a basis
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for assessment. This approach also tends to result in simula-
tionsthatrequiremoretestingtime,aswellasintroducingmore
randomand systematicerrorinscoringand generalization.The
solutionisto carefully introduce enough realism and complex-
ity to obtain a valid indication of examinees’ ability to apply
theirknowledgeandskills,whileconstrainingthestructureand
lengthofsimulationssufficientlythattheevaluationandgener-
alizationlinksremainstrong.Decisionsabouthowtomakesuch
trade-offs are often difficult.

Itisalsoimportanttorecognizethat,nomatterhowrealistic
asimulationis, itisstillasimulation,and examinees donot nec-
essarily behave as they would in real life. Surveys of examinees
have consistently shown that, from an examinee’s perspective,
simulation-basedmethodsprovideamorerealisticassessment
of, for example, clinical skills than multiple-choice tests (18).
However,studiescomparingexamineebehavioronsimulations
with behaviorintherealworld have shown striking differences.
Inpart, thedifferencesareduetocueingpresentinsomesimula-
tion formats. In particular, actions are more likely to be taken if
theyare suggested by lists of options provided in some simula-
tionformats (unless those lists are also explicitly presentin real
life—e.g., laboratory order sheets).This can resultin more thor-
ough data gathering, usually leading to different (and better)
performance on simulations than in real life.

Since data-gathering activities with real patients are
usually uncued and open-ended, it seems as if uncued simu-
lation formats should be more appropriate. However, the use
of uncued formatsalso has consequences that must be consid-
ered. For example, in a comparison of performance with SPs
and natural-language-based computer simulations, Feightner
and Norman (58) reported marked differences in the patient
historyinformationelicited:farfewerfindings were obtainedin
thecomputersimulationformat, probablybecausethesoftware
did not provide a particularly good simulation of interacting
with a patient. Other studies report similar variations in perfor-
mance for different simulation formats (18).

The vagueness of more realistic, uncued formats can also
resultindifferencesinexaminees’perceptionsof‘whattheques-
tion/task” is, which induces differences in examinee behavior
that are unrelated to skills. Because simulations almost invari-
ablyomitsomefeaturesoftherealenvironment,behavioralarti-
factscanoccurifthosefeatureshaveanimportantinfluenceon
behavior.Forexample,inthelandmarkstudyofmedicalproblem
solvingreportedinElsteinetal (59),instructions to participants
working up SPs did not make it clear if the participants were
onlytotake care of each SP’s presenting problem at that visit or
to assume responsibility for long-term care. As a consequence,
some physicians performed short, focused workups of SPs’pre-
senting problems; others did complete histories and physicals
andinitiatedpatientmanagementactivitiesaddressingpreven-
tion of new problems. This variation was almost certainly due
to differing perceptions of the intent of the simulation, rather
thanreflectingreal-worlddifferencesinpracticestyle.Thesame
kindsofproblemshavebeenobservedwithotherkindsofsimu-
lations: if expectations are unclear, the behavior of the exam-
inees will be influenced by the varying perceptions of the tasks
posed for them.

Validation of Scores on Simulation-Based
Assessments

The new Standards for Educational and Psychological Testing
defines validation as the development of evidence providing
“...a sound scientific basis for the proposed score interpreta-
tions” (39, p. 9). Thus, validation involves the development of a
coherentargumentfortheproposedinterpretationofscores,as
wellasargumentsagainstplausiblealternateexplanations(60).
Becauseidentification of poorly performing examineesisoften
ofparticularimportance,itisespeciallyimportanttoinvestigate
thatlowscoresareduetolackofproficiencyratherthanimpedi-
mentsto performance unrelated to the knowledge and skills of
interest(e.g.,unclearinstructions,unrealisticallyspeededtesting
conditions, other extraneous factors).

Much of the work on validation of scores on simulation-
based assessments has looked at a) the correlations between
those scores and other measures and/or b) the magnitude of
differences in performance among groups varying in training
orexperience.Becausewerarelyhavestronghypothesesabout
what the magnitude of these correlations or group differences
shouldbe, thesestudiestendtobeinformativeonlyifresultsare
counterintuitive (32,42,52). For example, if the mean score of
acknowledged expertsinaclinical domainisthe same orlower
than a group of junior medical students, it raises serious ques-
tions about validity. Similarly, if performance on a simulation
is completely (or negatively) unrelated to performance on an
MCQ-based assessment of knowledge relevant to the simula-
tion, validity questionsare again raised.But, because we do not
generallyknow how largethe correlations orgroup differences
should be, many different outcomes of such analyses can be
viewed as providing “support”for the validity of the inferences
drawn from simulation-based test scores.

Thoughitisreasonabletoconductcorrelationalstudiesand
studies of group performance as a part of a validation effort,
itis generally more productive to use an alternative approach
in which a series of “threats” to the validity of score interpre-
tation are identified. Some of these have already been dis-
cussed:scoringkeysthatdonotappropriatelyawardalternative
approachestopatientmanagement,poorinter-rateragreement,
sampling plans for constructing tests that result in limited (or
biased) samples of cases orjudges, and failure to appropriately
represent important elements of the real clinical environment
influencingperformance.Othersdependuponthespecificsim-
ulation method being used. For example, for computer-based
clinical simulations, depending upon the complexity of the
computerinterface,examinee performance maybeinfluenced
by computer skills or by the opportunities thatexaminees have
tofamiliarize themselves withit (61). For part-task-trainers, the
timeallottedtocompleteataskmayhaveasignificantinfluence
on performance. For a high-fidelity trainer, this can be appro-
priate, valid measurementinformationfortasksthatneedtobe
done quickly. But, for a low-fidelity trainer, if it simply reflects
the fact that the trainer is unfamiliar, it may be inappropriate
and resultin less valid scores.

Thebasicmessage, though, istoidentify alternate explana-
tions for good and poor performance and to investigate those
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Figure. Assessmentofclinicalskillsfromasamplingperspective.A:Broadsampleofjudges;inadequatesampleofcases.B:Broadsampleof
cases; inadequate sample of judges. C: Optimal sampling plan for given numbers of cases and judges.

carefully. Such work, which has become more prevalent for
performance-basedassessments (62-64), tendsto providevery
useful information for improving the assessment method, as
well as a stronger basis for test validation.

Guidelinesfor Developing Simulation-Based
Assessments

Although research pertaining to the reliability and validity of
scoresfromcommonlyemployedsimulation-basedassessments
(e.g., MCQs, computer simulations, SPs) is widespread, rela-
tivelylittleworkhasbeendonewithrespecttointegrated simu-
lators. By drawing on the lessons learned in the more general
literatureconcerningassessmentofclinicalcompetence,general
testdevelopmentguidelinesapplicablecanbederived.Newble
et al (65), is a particularly valuable, readable “how-to” guide
for development of simulation-based assessments. Based on
these guidelines, which are linked to fundamental psychomet-
ricrequirements, the potential benefitsand drawbacks of using
integrated simulatorsforhigh-stakesassessment purposescan
be surmised.

SpecificLessonsfromtheStandardizedPatientLiterature

Unlike integrated simulators, SPs have been used successfully
forhigh-stakesassessmentdecisions,andtheiruseis supported
by over40years of research and development.Whileintegrated
simulators may be used for differentassessment purposes (e.g.,
patient managementskills), under certain circumstancesit may
befeasibletousethemforhigh-stakesassessmentdecisions.Thus,
lessons learned from SP-based assessments will be invaluable.

As mentioned in the score generalization section above,
content sampling is an important limitation of any perfor-
mance-based assessment. For SP examinationsand integrated

simulators, a finite number of patient conditions can be
modeled.Therefore,greatcaremustbetakeninchoosingwhich
andhowmanyscenariosanindividualexamineemustcomplete
aspartoftheassessment(66). Contentspecificity willalsobean
issue, perhaps moresofortasksbasedontheintegratedsimula-
tor. Unlike SP assessments that generally key on basic clinical
skills, specific experience and knowledge in one domain (e.g.,
cardiology) could significantly impact performance. Also, if an
examinee has little experience with a certain procedure (e.g.,
intubation) then one should expect him or her to do well on
specificsimulationtasks.Ingeneral,examineeswithlittledirect
experienceinagivenclinicalareawouldbeexpectedtoperform
poorly, regardless of their skill level. As aresult, performancein
one scenario will not necessarily be a good predictor of perfor-
manceinanother.Therefore, togetareliable estimate of perfor-
mance, an examinee will need to be assessed across numerous
tasks.

Many of the other psychometricissuesassociated with per-
formance-basedexaminationsaresimilar,regardlessofwhether
mannequin-based scenarios or SP-based methods are used
for assessment. First, regardless of the rubric used, there will
always be some measurementerror.Inorder to minimize these
errors, criteriaforcreditingexamineesmustbewelldefined,and
scorers/ratersmustbesufficientlytrained.Second,establishing
thevalidity of simulation-based scores can be difficultand time
consuming.ForbothSPandintegratedsimulationscenarios,the
examinees must use theirimaginations to overcome the artifi-
cialityoftheassessmentenvironment.Asaresult,extrapolating
from performancein the simulated environment to real-world
situationscanberisky.Althoughtherehavebeenstudiestoshow
thatskillsdevelopedandassessedinthesimulatedenvironment
transfer to real patients (67,68), this transfer is far from perfect.
Third, itis often difficultif notimpossible to model some condi-
tionswell(e.g.,swellinginSPassessments).Forintegrated simu-



128  Simulators in Critical Care and Beyond

lators, the simulation environment is also imperfect. Changes
in skin color, muscle tone, etc., which may be key clinical clues,
cannotatpresentbeimitated. Since many common conditions
cannotbemodeled,thegeneralizabilityoftheassessmentresults
tothe universe of patient complaints will be limited and highly
dependentonthesetoftasksincludedintheassessment.Finally,
fortestinglargenumbersofexaminees,itisessentialthatscores
are comparable across test forms. Here, score-equating proce-
duresareessential(51).Thesemathematicaltechniquesareused
toadjustscoresbasedonthepsychometricproperties(e.g., diffi-
culty) ofthetestform.Moreimportantly, because modeled sce-
narios are expensive to develop, they are often few in number,
magnifying potential security concerns. Special care must be
taken to ensure that examination materials are not vulnerable
to duplication and theft.
ForSP-basedexaminations,manyofthepsychometricissues
noted above have been studied and addressed in operational
testing programs. Follow-up studies, where the skills and pro-
ficienciesofexamineesareassessedwithreal patients,havealso
been completed (68). These types of investigations, including
operationalfeasibilityand population-based outcome studies,
would be extremely useful formannequin-based assessments.

UsinglntegratedSimulatorsforHigh-StakesAssessments

Many challenges are associated with using mannequins for
high-stakes certification or credentialing decisions (e.g., costs).
However, for particular skill sets;mannequins may hold some
advantages over SP assessments. Although SPs are generally
highly trained, for certain cases there can be some variability in
thewaytheyrespondtophysician queries or physical examina-
tion maneuvers. Therefore, examinees may get the same infor-
mation, albeit with somewhat different queries and physical
examination maneuvers.Forintegrated simulators, the patient
will react in a physiologically consistent fashion. If two exam-
inees administer the same drug in the same dosage, the man-
nequinwillreactinthe sameway. Unlike integrated simulators,
SPs are extremely useful for evaluation of doctor-patient com-
munication skills (69,70). While some of the high-tech manne-
quins can talk via a speaker in the mouth, this is most useful for
pain-typeresponses,notestablishingarapportbetweendoctor
and patient. Team communication skills could potentially be
assessed with mannequin-based cases, but current scoring
models may be inadequate.

One of the greatest strengths of mannequin-based assess-
ment is the ability to manage patient conditions and deal with
a host of physical findings. This is not possible for most stan-
dardized patientassessments, especiallythose thatare usedfor
high-stakes credentialing decisions. Formany medical special-
ties(e.g.,anesthesiology,criticalcare,emergencymedicine),the
abilitytotreatsimulatedacute-carepatientsisextremelybenefi-
cialandavoidspotentialnegative“real”patientoutcomes.Many
ofthemodeledphysicalfindingsarequiterealistic,enablingthe
assessor to get a reasonable picture of how the examinee may
react in a real-life situation.

One of the major drawbacks of SP-based assessmentsisthe
timeittakestoassessanindividualexaminee.Dependingonthe

chief complaint, it can take 10 to 20 minutes to take the history
andperformtherelevantphysicalexaminationmaneuvers.More
importantly,togetareliableestimateofanexaminee’sskilllevel,
it may take in excess of 10 individual SP encounters. Thus, the
examcanbefairlylongandexpensivetoadminister.Incontrast,
scenariosdevelopedforintegrated simulators,especiallythose
that involve acute-care concerns, can be relatively brief. This
not only affords the opportunity to sample more extensively,
increasingthegeneralizability (reliability) of scores, butcanalso
minimize staff costs associated with examination administra-
tion.Likewise, scoringismorestraightforwardinthatless mate-
rial needs to be reviewed and evaluated.

Conclusion

Basedontheavailableliterature, there areanumber of psycho-
metric issues associated with the use of simulations for high-
stakesassessment.Whiletherearenumeroustypesofsimulations
coveringabroadfidelitycontinuum,thebasicchallengeremains
thesame—ensuringthatthescoreshavemeaningandareuseful
for making specific inferences regarding the proficiency of
examinees.Whetherweareconcernedwiththeevaluationofthe
observedperformance,generalizationof scorestoothersimilar
tests,ortheextrapolationoftestresultstoexpectedperformance
inactual practice, gathering evidence to support the use of the
testscoresisanecessary taskif the assessmentresultsare to be
used for high-stakes assessment decisions.

Inmedicine,anumberofperformance-basedexaminations
arecurrentlybeingusedforcertificationandlicensuredecisions.
These assessment methodologies, including computer-case
simulationsand SP-based methods,haveundergoneextensive
testing to ensure that potential threats to the validity of the
scoresandassociatedpass/faildecisionsareaddressed.Asmore
sophisticatedassessmentmethods(e.g.,integratedsimulators,
hapticsystems)areearmarkedforuseincredentialingdecisions,
researcheffortswillneedtobefocusedondeterminingwhatcan
and cannotbe measured effectively, establishing thereliability
and validity of the scoring systems, and ensuring that perfor-
manceintheassessmentenvironmenttranslatestoperformance
with real patients.
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