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Editor’s Note: The online version of this article contains 6

appendixes: Israeli examination process development and

adaptation; process validation of a simulation-based OSCE

used in Israeli Anesthesiology Board Examination; exam-

ples of operating room, trauma, and resuscitation scenario

checklists; examinee and examiners feedback; and calcu-

lated checklist formulas.

Introduction

The Israeli Board Examination in Anesthesiology simula-

tion-based objective structured clinical examination

(OSCE) is well described and validated1–3 using objective

and subjective parameters.2–4 The examination is adminis-

tered only to graduating residents, and its construct-related

validity (progression of OSCE scores across years of

training)4 has not been evaluated, as all Israeli participants

were at the same level of training.

Since 2004, the National Board of Medical Examiners

has required a simulation-based clinical skills examination

for medical students.5 The Accreditation Council for

Graduate Medical Education Outcome and Milestone

Projects6–9 led the American Board of Anesthesiology (ABA)

to give diplomates enrolled in Maintenance of Certification

in Anesthesiology from 2000 through 2007 the option to

complete an endorsed simulation course to support
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Abstract

Background It is not known if construct-related validity
(progression of scores with different levels of training)
and generalizability of Objective Structured Clinical
Examination (OSCE) scenarios previously used with non-
US graduating anesthesiology residents translate to a US
training program.

Objective We assessed for progression of scores with
training for a validated high-stakes simulation-based
anesthesiology examination.

Methods Fifty US anesthesiology residents in postgraduate
years (PGYs) 2 to 4 were evaluated in operating room,
trauma, and resuscitation scenarios developed for and used
in a high-stakes Israeli Anesthesiology Board examination,
requiring a score of 70% on the checklist for passing
(including all critical items).

Results The OSCE error rate was lower for PGY-4 than
PGY-2 residents in each field, and for most scenarios

within each field. The critical item error rate was
significantly lower for PGY-4 than PGY-3 residents in
operating room scenarios, and for PGY-4 than PGY-2
residents in resuscitation scenarios. The final pass rate
was significantly higher for PGY-3 and PGY-4 than
PGY-2 residents in operating room scenarios, and also
was significantly higher for PGY-4 than PGY-2
residents overall. PGY-4 residents had a better error
rate, total scenarios score, general evaluation score,
critical items error rate, and final pass rate than PGY-2
residents.

Conclusions The comparable error rates, performance
grades, and pass rates for US PGY-4 and non-US (Israeli)
graduating (PGY-4 equivalent) residents, and the
progression of scores among US residents with training
level, demonstrate the construct-related validity and
generalizability of these high-stakes OSCE scenarios.
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their knowledge and skills.10 More recently, the ABA

implemented a simulation-based OSCE as part of its

certification examinations.11 As development of simulation-

based OSCEs carries time and financial costs, sharing of

validated scenarios across nations would facilitate their

broader dissemination and implementation.

We assessed the construct validity of simulation-based

OSCE summative assessment tools developed for the

Israeli Board Examination, and their potential generaliz-

ability to a US training program for formative or

summative assessment. We examined anesthesiology res-

idents across all postgraduate years (PGYs) 2 to 4 at 1

institution. This validation could not be performed in the

Israeli Board setup, which tested only graduating residents

(equivalent to US PGY-4 residents). The other aim was to

demonstrate the generalizability, using scenarios devel-

oped for an international examination in a US academic

environment for formative (teaching) and summative

(testing) assessment.

Methods

The study was conducted at the University of Florida

Anesthesiology Residency Program. In a simulated envi-

ronment, 2 similar but not identical scenarios (to counter

scenario content leakage and enhance content security)

were used in each of 3 clinical domains: resuscitation,

trauma, and operating room crisis management. The

scenarios were originally developed by the Israeli Board of

Anesthesiology Examination Committee.2,3,12,13 Faculty

members from the Department of Anesthesiology at the

University of Florida, assisted by education and simulation

experts, translated the scenarios and assessment tools, with

maximal adherence to the original script,2,3 scenario

protocol, language, and assessment tools. No changes were

made in scoring, assessment, pass/fail determinations,

orientation of residents, or the examination process itself

(see A P P E N D I X E S 1 AND 2 for development and validation).

Individual performance in each scenario was assessed

by using a 12- to 20-item scenario-specific checklist.

Checklist items covered simple and more complex func-

tions and were scored in a binary done/not done format. A

set of criteria for a well-performed task was provided to the

evaluator to standardize the assessment. All checklist items

were weighted equally. Critical items carried the same score

as noncritical items but were considered mandatory for

‘‘passing’’ the scenario.2,3

All resident participants were recruited by the chief

residents and had participated in an orientation and prior

sessions with the Human Patient Simulator (CAE Health-

care). We evaluated all PGY groups within a 3-month

window.

Before participation each consenting resident received

oral and printed materials explaining the study objectives

and assurance that performance was confidential and had

no impact on their residency program evaluations. The

examiner followed a predetermined script sequence and

checklist. The target time to work through a scenario was

20 to 30 minutes (A P P E N D I X 3).

All residents were evaluated by an experienced evalu-

ator (A.S.), an original member of the Israeli Examination

Committee,2,3 who had no clinical interaction with the

residents during the study period and was blinded to the

residents’ PGY level until after assessment and scoring were

completed. The assessor followed the original process of

the Israeli examination2,3: repeating questions only twice,

playing a passive role, avoiding prompting, and responding

to examinee-specific requests for action or information

only when the script/checklist allowed it.

Scores were computed for each resident and each

scenario: (1) proportion correct (total) across all items in the

checklist (the final score was the items correctly performed

out of the total possible in a scenario); (2) proportion correct

(critical); and (3) critical errors (the critical items error rate

was the rate at which examinees did not perform critical

items). The residents also completed questionnaires on

realism of each scenario, including the perceived relevance of

the scenario(s) and the residents’ satisfaction from their

performance in the simulation (A P P E N D I X 4).

We elicited feedback with reviewers familiar with

the training and performance of US-based examinees

(A P P E N D I X 5). For every item in each of the scenarios, the

following parameters were calculated as previously pub-

lished2,3 and compared between PGY groups (A P P E N D I X 6):

Item Performance Grade: Fraction of residents who

performed the item satisfactorily.

What was known

Objective Structured Clinical Examinations (OSCEs) are increasingly used
to assess the competence of residents, including both formative and
summative high-stakes assessments.

What is new

A set of simulation-based OSCE scenarios has construct-related validity
and generalizability in the assessment of residents at different levels of
training.

Limitations

Single-site study, lacking a formal power calculation; use of advancing
clinical year as the sole discriminant variable for competence.

Bottom line

Reduction in error rates, and progressive score and performance for
residents with advancing training level demonstrate construct-related
validity and utility of OSCE scenarios.

ORIGINAL RESEARCH

490 Journal of Graduate Medical Education, September 2014

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-27 via free access



Group (PGY) Error Rate: Number of errors as a

fraction of the number of items answered by all tested for a

given scenario in a PGY group. It offers information about

the difficulty level of each scenario. Item performance

grade gives information about the performance of exam-

inees for each item and is inversely related to the difficulty.

Individual (Resident) Success Grade: Items answered

satisfactorily by a resident as a fraction of the number of

items answered in a scenario.

All checklists and scripts included identification of the

resident PGY level. Results were analyzed by using

statistical software (SAS Version 9.2, SAS Institute Inc,

Cary, NC).

Critical Items

Critical items error occurrence was compared between and

among PGY groups.

Scenarios

Scenario performance grade was calculated for all items in

the scenario tested by a group of n residents as mean 6 SD.

Scenario pass grade was defined as a score of 70% as per

the Israeli Board of Anaesthesiology of the checklist items

successfully performed, including all critical items.2,3 The

pass rate was compared between PGY groups.

Statistics

A noninferiority test (for proportion correct scores) was

conducted between the pairs of scenarios in each field to

test equivalence, assuming an allowable difference of

# 30% in performance or difficulty grades, while checking

power for range of difference.14 This was done to ensure the

2 scenarios in each of the clinical areas (within the same

type or field) were not inferior to each other. A subsequent

equivalence test (for proportion correct scores) was

conducted between each pair of scenarios to evaluate

similarity.15 Equivalence was accepted with 80% certainty

if the ratio (log difference) of the grades was within 20%

for the pair. The log difference was used because the grades

distribute log normally. The 80% and 20% thresholds were

used because these are accepted rates of equivalency tests.15

Variables are presented as mean 6 SD. Differences were

considered significant when P # .05.

The questionnaires that analyzed the realism of the

scenario, perceived relevance, and satisfaction from par-

ticipants’ performance in the simulation scored on a scale

from 1 to 5, with 5 being the highest (A P P E N D I X 4,

T A B L E B). Correlations between resident satisfaction with

their own performance in the simulation and both the total

proportion-correct scores and the general scores were

calculated (A P P E N D I X 4, T A B L E C).

Variables were compared between groups by a random

mixed-effect analysis of variance (ANOVA) model. We

calculated means for PGY and field as random variables

and the scenario as the fixed variable. The error and pass

rates for scenarios were compared by using a 2-proportion

z test.

Results

Fifty PGY-2 to PGY-4 residents participated in the study

during 4 months. Five residents (out of 75 in the program)

declined to participate, and since residents were selected in

a random fashion on the basis of availability for the day of

the test, only 50 residents were available for the study. The

simulation-based OSCE was administered 66 times to 50

different residents (with approximately equal distribution

from each PGY group). Each resident performed 1 or 2

different scenarios from 1 to 2 clinical domains. Thirty-four

residents were tested on 1 scenario, and 16 were tested on 2

scenarios from 2 domains. The reason we did not limit the

study to 1 scenario per resident was to overcome poor

resident availability.

The T A B L E shows the distribution of residents in each

year in each domain and scenario, and the number of items

and critical items (5–22) in each domain and scenario. The

T A B L E Distribution of Residents in PGY 2 to 4, in Each Domain, and in Each Scenario (No. 1 and No. 2) Within

a Domain

Scenario OR1 OR2 Total Na Tr1 Tr2 Total Na Res1 Res2 Total Na

PGY-2 residents 3 5 8

24

3 5 8

21

4 3 7

21

PGY-3 residents 5 4 9 3 4 7 3 4 7

PGY-4 residents 4 3 7 4 2 6 4 3 7

Items 20 20 40 14 12 26 17 17 34

Critical items 2 3 5 5 4 9 11 11 22

Abbreviations: OR, operating room; Tr, trauma; Res, resuscitation.
a Number of PGY-2 to PGY-4 residents tested in a domain.
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ANOVA analysis of the different PGY levels was signifi-

cant, and analysis revealed what drove those differences.

All scenarios were compared in the difficulty level

(performance grade), and were not different among

different PGYs and clinical domains tested. A noninfer-

iority test10 and a subsequent equivalence test15 (for

proportion correct scores) demonstrated the similarity

between the 2 scenarios for the operating room (OR) and

resuscitation. The corresponding P values to the equiva-

lence tests are resuscitation, P 5 .10 (equivalent at 10%

level); trauma, P 5 .27 (not equivalent at 10% level); OR,

P 5 .06 (equivalent at 10% level); and overall, P 5 .005

(equivalent at 10% level). Thus, for trauma, equivalence

could not be established, and scenario 1 has higher grades

than scenario 2. Other than for trauma, our equivalence

and noninferiority tests showed the 2 scenarios in each

domain were not different in difficulty or performance

level, and were treated as 1 unit for the OR and

resuscitation domains. The evaluator had only a single level

of variability because 1 experienced evaluator evaluated all

residents. PGY and domain between groups were compared

by using ANOVA. There were no significant differences in

the performance grades (calculation of scenario difficulty)

within any scenario pair in a domain.

The error rate was lower for PGY-4 residents than

PGY-2 residents in each domain and scenario, except for

scenario OR No. 1 and trauma No. 2, where the error rate

was relatively high for all participants regardless of PGY

(F I G U R E 1). When scenario No. 1 and No. 2 in each

clinical domain was considered as 1 unit, the error rate was

significantly lower in each domain for PGY-4 residents.

The error rate was significantly different between

scenarios No. 1 and No. 2 in the trauma and resuscitation

domains for PGY-4 residents (29% versus 7% and 16%

versus 4%, respectively; P , .05 for both) and for all

residents (30% versus 19% and 22% versus 10%,

respectively; P , .05 for both). The error rate for all

residents in the trauma and resuscitation scenarios was

lower than that in the OR scenario (25% and 16%,

respectively, versus 34%; P , .01 for both), and lower for

resuscitation than for trauma (16% versus 25%; P 5 .01).

The total proportion correct scores (F I G U R E 2) were

not significantly different for PGY-3 and PGY-4 compared

to PGY-2 residents. However, the critical items error rate

(F I G U R E 3 A) was significantly lower for PGY-4 residents

than PGY-3 residents in the OR domain, and was

significantly lower for PGY-4 residents than PGY-2

residents in the resuscitation domain. The final pass rate

was significantly higher for PGY-3 and PGY-4 residents

than PGY-2 residents in the OR scenario (F I G U R E 3 B), and

final pass rate was significantly higher for PGY-4 residents

than PGY-2 residents when all 3 clinical domains were

combined (11 of 22 5 0.50 versus 2 of 23 5 0.09).

Discussion

We demonstrated the utility and ‘‘generalizability’’ of

scenarios developed for an Israeli examination for assess-

ment in a US academic environment. Our study was

F I G U R E 1 Error Rate for Residents in Each Postgraduate Year (PGY) 2 to 4 in Each Domain, and in Each

Scenario (No. 1 and No. 2) Within Each Domain
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performed in an academic department, which allowed

assessment of the construct-related validity of the scenarios

(ie, the ability of each scenario to differentiate between

participants on the hypothesis that more senior residents

will generally have better scores). Our findings are similar

to the results of the original tests performed on graduating

residents in the Israeli Examination,2,3 with error rates of

0.08, 0.16, and 0.25; performance (difficulty) grade of

0.93, 0.83, 0.85; and pass rates of 0.68, 0.62, 0.75 for

resuscitation, trauma, and OR crisis management, respec-

tively. These results further support the feasibility of

sharing scenarios between different residency programs.16,17

Our results showed that PGY-4 residents had superior

results compared to PGY-2 residents in error rate, total

scenario score, general evaluation score, critical items error

rate, and final pass rate.

There are inconsistencies in the statistical significance

of different parameters, and various parameters do not

necessarily correlate with each other. The practical

inference is that the parameters complement each other,

and that more than 1 should be used when making

decisions using a simulation-based OSCE. For example, the

proportion correct score does not represent the final score

or the entire scope of the evaluation, because the critical

errors score is not included. The final pass score is a result

of the proportion correct and critical errors scores, and thus

the error rate results may point in the opposite direction of

the pass rate results (ie, the OR scenarios had higher error

rates, but also a higher pass rate from fewer critical errors

than the resuscitation scenario).

The final resuscitation scenarios’ pass rates were

surprisingly low for all residents tested. This suggests the

obvious—there is value to the PGY-4 year—and that there

F I G U R E 2 Total (Proportion Correct Score) for Residents in Each Postgraduate Year (PGY) in Each Domain,

and in Each Scenario

F I G U R E 3 Residents9 Critical Items Error and

Final Pass Rates
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may be gaps in the curriculum or learning pertaining to

resuscitation.

One possible added reason is the higher number of

critical items in the resuscitation scenarios, which caused

the pass rates to be: OR . trauma . resuscitation. Our

findings should be further evaluated to pinpoint and

define the learning deficiencies for trauma and for

resuscitation.18,19

Although simulation in anesthesia has become part of

the teaching curricula,19–21 only 14% of simulation centers

use it for evaluation of competence.22 Reasons for this

include lack of standardized, valid, and reliable tests.22

Communication and collaboration among simulation

centers, including sharing of validated scenarios, is

important to the future of this technology and approach.23

Limitations of our study include that it was conducted

at a single institution, we did not perform a comprehensive

calculation of sample size, and we used a limited sample of

residents. The study also is limited in its inability to

differentiate learning from teaching, and its inability to

consider indicators of competence other than advancing

clinical year.

Conclusion

Our work confirms both the construct-related validity of

incorporating a simulation-based OSCE in the assessment

of anesthesiology residents, and the generalizability of these

specific scenarios for formative and summative assessment.

Prospective evaluation of OSCE scenarios should be part

of a joint effort of the health care simulation community,

with future research including evaluation of OSCE scenarios

to enable differentiating between technical and nontechnical

skills, and identification and correction of performance

deficiencies identified during these assessments.
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