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ABSTRACT

Objective: We sought to develop and validate a three-station

simulation-based Objective Structured Clinical Examination

(OSCE) tool to assess emergency medicine resident compe-

tency in resuscitation scenarios.

Methods: An expert panel of emergency physicians devel-

oped three scenarios for use with high-fidelity mannequins.

For each scenario, a corresponding assessment tool was

developed with an essential actions (EA) checklist and a

global assessment score (GAS). The scenarios were (1)

unstable ventricular tachycardia, (2) respiratory failure, and

(3) ST elevation myocardial infarction. Emergency medicine

residents were videotaped completing the OSCE, and three

clinician experts independently evaluated the videotapes

using the assessment tool.

Results: Twenty-one residents completed the OSCE (nine

residents in the College of Family Physicians of Canada–

Emergency Medicine [CCFP-EM] program, six junior resi-

dents in the Fellow of the Royal College of Physicians of

Canada–Emergency Medicine [FRCP-EM] program, six senior

residents in the FRCP-EM). Interrater reliability for the EA

scores was good but varied between scenarios (Spearman

rho 5 [1] 0.68, [2] 0.81, [3] 0.41). Interrater reliability for the

GAS was also good, with less variability (rho 5 [1] 0.64, [2]

0.56, [3] 0.62). When comparing GAS scores, senior FRCP

residents outperformed CCFP-EM residents in all scenarios

and junior residents in two of three scenarios (p , 0.001 to

0.01). Based on EA scores, senior FRCP residents out-

performed CCFP-EM residents, but junior residents out-

performed senior FRCP residents in scenario 1 and CCFP-

EM residents in all scenarios (p 5 0.006 to 0.04).

Conclusion: This study outlines the creation of a high-fidelity

simulation assessment tool for trainees in emergency

medicine. A single-point GAS demonstrated stronger rela-

tional validity and more consistent reliability in comparison

with an EA checklist. This preliminary work will provide a

foundation for ongoing future development of simulation-

based assessment tools.

RÉSUMÉ

Objectif: Nous avons travaillé à concevoir et à valider un outil

d’examen clinique objectif structuré (ECOS), reposant sur la

simulation et comptant trois postes, pour évaluer la compé-

tence des résidents en médecine d’urgence, dans différents

scénarios de réanimation.

Méthode: Un groupe d’experts composé d’urgentologues a

conçu trois scénarios dans lesquels il y avait des mannequins

d’apparence très réaliste. Pour chaque scénario, les experts

ont élaboré un outil correspondant d’évaluation, qui com-

prenait une liste de vérification d’actions essentielles (AE) et

un résultat d’évaluation globale (REG). Les scénarios portai-

ent sur 1) la tachycardie ventriculaire instable, 2) l’insuffi-

sance respiratoire, et 3) l’infarctus du myocarde avec sus-

décalage du segment ST. Les résidents en médecine

d’urgence ont été filmés sur bande vidéo au cours de

l’ECOS, et trois experts cliniciens ont évalué, chacun de leur

côté, les vidéos à l’aide des outils d’évaluation.

Résultats: Vingt et un résidents ont fait l’ECOS (neuf résidents

inscrits au programme de médecine d’urgence du Collège des

médecins de famille du Canada [CMFC-MU], six résidents

juniors inscrits au programme de médecine d’urgence des

Associés du Collège royal des médecins et chirurgiens du

Canada [FRCP-MU], et six résidents séniors inscrits au FRCP-

MU). La fiabilité interévaluateurs en ce qui concerne les

résultats des AE était bonne, mais elle variait entre les scénarios

(coefficient de corrélation des rangs de Spearman [CCRS] 5 [1]

0.68, [2] 0.81, [3] 0.41). La fiabilité interévaluateurs en ce qui

concerne le REG était également bonne, mais elle avait une

variabilité moindre (CCRS 5 [1] 0.64, [2] 0.56, [3] 0.62). Dans les

comparaisons des REG, les résidents séniors du FRCP ont

obtenu de meilleurs résultats que les résidents du CMFC dans

tous les scénarios et les résidents juniors dans deux scénarios

sur trois (p , 0.001 à 0.01). D’après les résultats des AE, les

résidents séniors du FRCP ont surclassé les résidents du CMFC,

mais les résidents juniors ont surclassé les résidents séniors du

FRCP dans le premier scénario et les résidents du CMFC dans

tous les scénarios (p 5 0.006 à 0.04).
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Conclusion: L’étude décrit, dans ses grandes lignes, la

conception d’un outil d’évaluation reposant sur des simula-

tions réalistes pour les stagiaires en médecine d’urgence. Un

REG à un seul point a révélé une validité relationnelle plus forte

et une fiabilité plus constante que la liste de vérification des AE.

Ce travail préliminaire servira de base à l’élaboration future et

continue d’outils d’évaluation fondés sur la simulation.

Keywords: assessment, emergency medicine, medical edu-

cation, resident, resuscitation, simulation

Assessment of clinical competence in postgraduate
medical education is moving away from knowledge-
based examination and toward outcome-based assess-
ment.1 As noted by Miller, through medical training,
there is a progression from ‘‘knows’’ to ‘‘knows how,’’
‘‘shows how,’’ and ‘‘does.’’2 Knowledge acts as a
foundation for clinical reasoning and decision making,
which, in turn, supports successful clinical perfor-
mance. The direct evaluation of performance, through
simulation-based assessment, provides a unique oppor-
tunity for simultaneous evaluation of knowledge,
clinical reasoning, and teamwork.3 Emergency medi-
cine (EM) training programs would likely benefit from
competency-based assessment tools to evaluate how
trainees perform in acute care scenarios.4,5 High-fidelity
simulation-based assessment tools with standardized
scenarios have the potential to achieve this goal.6,7

High-fidelity simulations use computer-controlled
mannequins supported by mechanized movements,
cues, and simulated vital signs to emulate real patient
encounters. Simulation-based education provides the
opportunity to encourage deliberate practice of stan-
dardized learning experiences even with rare disease
states, while simultaneously improving the imperative
skills of teamwork and communication.8,9 Over the past
decade, there has been a dramatic increase in the use of
high-fidelity simulation in EM residency programs.
Okuda and colleagues reported that 85% of American
EM residency programs surveyed in 2008 used manne-
quin-based simulators in their curriculum.10 In some
cases, simulation has been directly incorporated into
postgraduate EM curricula, not as an adjunct but as the
primary education strategy for topics that have been
deemed to be best taught with a simulation format.11

The Accreditation Council for Graduate Medical
Education (ACGME) specifically recommends the use
of simulation to assess medical diagnostic, treatment,
and procedural skills.12 Despite the integration of high-
fidelity mannequin-based simulation into postgraduate
medical curricula, there has been limited research in
the development of validated evaluation tools for
simulation-based assessment.7 Recently, studies in

pediatrics and anesthesia have demonstrated the ability
of high-fidelity simulation assessment tools using case
scenarios to discriminate between trainees of different
levels with good interrater reliability.13–17 A simulation-
based Objective Structured Clinical Examination
(OSCE) has been incorporated into the Israeli
National Board Examination in Anaesthesia.18 This is
the first reported case of this type of tool being used for
high-stakes examination. Girzadas and colleagues
developed an assessment tool using high-fidelity
simulation that discriminated between novice and
experienced EM residents in the management of a
case of anaphylaxis requiring a surgical airway.19

The postgraduate EM training program at Queen’s
University has integrated high-fidelity simulation
through weekly junior and senior resuscitation rounds
and monthly core curriculum sessions. We previously
reported the pilot evaluation of an assessment tool for a
standardized ventricular fibrillation cardiac arrest sce-
nario.20 The purpose of this study was to develop and
validate a three-station simulation-based OSCE tool to
assess EM resident competency in resuscitation scenarios.

METHODS

Study design

A cross-sectional study with a validation component
was employed. We developed three standardized
emergency department resuscitation scenarios, each
with a corresponding assessment tool. They were
administered in a videotaped OSCE format to 22 EM
residents over 2 days in our simulation laboratory in
August 2009. Residents were instructed to maintain
confidentiality about the content of the OSCE
between sessions. A written examination of similar
content was administered to each participant imme-
diately following the OSCE. The videotaped perfor-
mances were then scored by three attending EM
faculty using the assessment tools. We hypothesized
that level of training would correlate positively with
performance on the OSCE on both the global
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assessment score (GAS) and essential action (EA)
scores. Additionally, we hypothesized that there
would be a linear correlation between EA scores and
the GAS.

Study participants

Twenty-two residents were enrolled: 12 from the
Fellow of the Royal College of Physicians of Canada–
Emergency Medicine (FRCP-EM) program (six junior
[postgraduate year (PGY) 1–2] residents and six senior
[PGY 3–5] residents) and 10 from the College of Family
Physicians of Canada–Emergency Medicine certificant
(CCFP-EM) program. Participation was voluntary, and
all residents provided written informed consent to
participate. This study was reviewed and approved by
the Queen’s University Ethics Review Board. All
residents had participated in at least four simulation-
based resuscitation sessions in our simulation laboratory
within the 2 months prior to the examination.

Scenario and assessment tool development

An expert panel of EM faculty, all with training in
high-fidelity simulation-based instruction, developed
three scenarios to be used as OSCE stations. The
chosen scenarios were (1) unstable ventricular tachy-
cardia, (2) respiratory failure, and (3) ST elevation
myocardial infarction (STEMI). All scenarios were
based on content previously covered in simulation-
based teaching sessions in the 2 months prior to the
study, which included Advanced Cardiac Life Support
(ACLS) guidelines and advanced airway management.
Each station was designed to last 5 to 10 minutes. The
scenarios were resuscitation focused and designed to
discriminate between residents of different levels of
training by eliciting observable behaviours that tradi-
tionally are poorly assessed with written examinations.
Each scenario included scripted roles and clear
instructions for a nurse, the mannequin technician,
and, for scenario 2, a respiratory technician.

Figure 1. Scenario 2 assessment
tool. OSCE 5 Objective Structured
Clinical Examination.
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Assessment tools followed a standardized format
based on our previous pilot work20 and were composed
of two separate components: EAs and a single GAS. An
example assessment tool is provided as Figure 1. Each
EA checklist contained 14 to 21 items, which used either
dichotomous response categories (action completed or
not completed) or a three-level weighted score (com-
pleted well, completed poorly, or not completed). The
three-level scores were used for actions deemed more
critical for successful management of the scenario. Each
checklist items was derived and reviewed using a
modified Delphi technique by a panel of emergency
and intensive care physicians from the Kingston
Resuscitation Institute who were not directly involved
in the study. The GAS was assigned on a Likert scale
ranging from 1 (fail) to 5 (excellent). All of the scenarios
and assessment tools were piloted and revised in the
simulation laboratory through practice sessions with the
involved EM faculty and support staff.

A formative multiple-choice and short-answer exam-
ination was administered to all residents at the
conclusion of the OSCE to assess their baseline
medical knowledge of the scenario subject matter.
This was used for feedback purposes to aid learning,
not to assign a specific score contributing to the
candidate’s evaluation within the residency program.
The marks assigned on the written questions, which
involved material related to the OSCE scenarios
(tachycardias, airway medications, STEMI), were
collected and compared to simulator performance.

OSCE administration and evaluation

The three-station OSCE was administered to the
residents over 2 separate days. Each resident was

scheduled in a 20-minute block, and the scenarios were
performed in order. The resident was provided with
standardized verbal instructions prior to each scenario
and given 1 minute to read a brief introduction to the
scenario attached to the door of the room. The
residents’ performance was videotaped from a fixed
camera angle, which allowed simultaneous visualiza-
tion of the examinee, the mannequin, and the cardiac
monitor. Members of the research team observed each
session from behind one-way glass. We used a METI
Emergency Care Simulator (Medical Education
Technologies Inc, Sarasota, FL) high-fidelity simula-
tion mannequin in a dedicated simulation laboratory
designed to recreate the physical environment of an
emergency department resuscitation bay. All candi-
dates were debriefed for 5 minutes about their
performance and then given 30 minutes to complete
the written examination in a separate room.

The videotapes were reviewed by three independent
content experts. All reviewers were attending EM
faculty with 5 years or more of experience and specific
training in simulation-based education. To standardize
evaluations, the reviewers received a 2-hour training
session on the use of the assessment tools with
feedback from one of the investigators (J.D.D.). All
reviewers were asked to rate a sample of training
videotape as poor, adequate, and excellent perfor-
mances for each scenario. These were then reviewed
individually with the investigator until predefined
standardized scores were agreed upon.

Data analysis

Data analysis was performed using SPSS version 17.0
(SPSS Inc, Chicago, IL). Items not scored by the

Table 1. Pooled scores for all residents and interrater reliabilities for each scenario

Scenario 1

Unstable VT

Scenario 2

RSI

Scenario 3

STEMI

Essential action score

Mean score, n (%) 17.4/24 (72.5) 12.3/21 (58.6) 17.0/30 (56.7)

Range 11.3–21.3 5.7–17.3 14.3–21.0

IRR (rs) 0.68 0.81 0.41

Global assessment score

Mean score, n (%) 3.1/5 (62) 3.2/5 (64) 3.2/5 (64)

Range 1.7–4.7 1.3–5.0 1.0–4.7

IRR (rs) 0.64 0.56 0.62

IRR 5 interrater reliability; rs 5 mean Spearman correlation coefficient; RSI 5 rapid-sequence intubation; STEMI 5 ST elevation myocardial

infarction; VT 5 ventricular tachycardia.

Mean, minimum, and maximum scores for essential action scores and the global assessment score are based on summary values across

all raters.
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reviewers were given a score of 0. Interrater reliability
for EA scores and the GAS for each of the three
scenarios were estimated using the Spearman rank
correlation coefficient. To analyze the discriminatory
capabilities of the assessment tool, the GAS and EA
scores were compared by seniority (junior FRCP [PGY
1–2], CCFP-EM [PGY 3], and senior FRCP [PGY 3–
5]) using analysis of variance (ANOVA). Finally, we
calculated the degree of correlation between the EA
scores and the GAS with results from the written
examination using the Spearman coefficient.

RESULTS

Twenty-two of the 26 Queen’s University residents
registered in the two EM programs were enrolled.
Two residents were outside the province due to
fellowship training, one was on maternity leave, and
one was a study investigator. There was a technical
error in the videotaping file for one of the residents,
which left 21 residents in the final analysis (6 junior
FRCPC-EM, 6 senior FRCPC-EM, and 9 CCFP-EM
residents).

Examinees’ performance and the interrater reliabil-
ities of the assessment tools for each of the three
OSCE scenarios are shown in Table 1. The interrater
reliabilities were fair to very good, ranging from 0.41
to 0.81. There was good correlation between EA scores
and GAS in scenarios 1 (r 5 0.66) and 2 (r 5 0.63) but
poor correlation in scenario 3 (r 5 0.38). Individual
trainee GAS and EA scores combined across all three
scenarios are graphically provided in Figure 2.

A comparison of examinee performance by level of
training is provided in Table 2, and examinee scores
combined across all three scenarios are displayed in
Figure 3. In two of three scenarios, senior FRCP
residents outperformed all other residents in GAS and
EA scores. In scenario 1, however, junior FRCP
residents outperformed all residents in both GAS and
EA scores. In scenarios 2 and 3, the CCFP-EM
residents outperformed the junior FRCP residents in
GAS, but the junior FRCP residents outperformed the
CCFP-EM residents in EA scores. With respect to the
written examination, there is a clear trend toward
senior FRCP residents outperforming CCFP-EM
residents, who outperformed junior FRCP residents
in almost all scenarios. Correlation between perfor-
mance on the relevant written examination and the
OSCE performance was fair for EA scores (r 5 0.48),
and good for the GAS (r 5 0.60).

DISCUSSION

Most postgraduate medical training programs in EM
have integrated or are in the process of integrating high-
fidelity mannequin-based simulation into their curri-
cula. In this study, we outlined the development and
evaluation of a multiple-station high-fidelity simulation-
based OSCE for the objective evaluation of EM resi-
dents in standardized resuscitation scenarios.

In general, assessment is intended to quantify an
underlying construct that is not easily amenable to
direct measurement—in this case, competence in EM
resuscitation scenarios. The assessment of validity

Figure 2. Individual resident
essential action and global
assessment scores combined
across all scenarios by level of
training. CCFP 5 certificant of the
College of Family Physicians;
EM 5 emergency medicine; FRCP
5 fellow of the Royal College of
Physicians of Canada.
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involves multiple components, including content
validity, internal structure validity, process validity,
relational validity, and reliability.21 Content validity, or
the extent to which included content is relevant to our
defined construct, was ensured through the initial
development by an expert panel of EM physicians and
the subsequent review by an independent group with
content expertise in resuscitative medicine. The con-
tent included was based on accepted principles of
medical management, such as ACLS protocols and
accepted standards in rapid-sequence intubation.22 The
internal structure validity of the tool was strengthened
by the selective weighting of actions in the EA
checklist deemed to be more critical with a higher

potential score. Process validity, or the extent to which
the cognitive and physical process required by the
assessment represents the construct, is generally strong
in high-fidelity mannequin-based simulation.21 We
took a number of steps to ensure that other physical
and procedural aspects of the room accurately reflected
a typical resuscitation environment, including appro-
priate environment set-up and appearance, skill and
demeanour of the assistants, and proper functioning of
the mannequin.

Our findings of generally good discrimination
between residents of different levels of training support
the relational validity of the tool we developed. As
expected, significant variability in performance was

Figure 3. Mean resident essential
action, global assessment scores,
and written examination scores
combined across all scenarios by
level of training (+1 SE indicated
by upper bar). CCFP 5 certificant
of the College of Family
Physicians; EM 5 emergency
medicine; FRCP 5 fellow of the
Royal College of Physicians of
Canada.

Table 2. Comparison of mean scores based on resident level of training by scenario

Jr-FRCP

(n 5 6)

CCFP-EM

(n 5 9)

Sr-FRCP

(n 5 6) p value

Scenario 1: Unstable VT

Essential action score (/24) 19.2 15.9 17.8 0.03

Global assessment score (/5) 3.8 2.5 3.4 0.01

Relevant written examination (/16) 12.0 12.9 13.8 0.37

Scenario 2: RSI

Essential action score (/21) 11.8 11.1 14.4 0.04

Global assessment score (/5) 2.9 3.0 4.0 0.003

Relevant written examination (/16) 10.7 12.4 14.5 0.001

Scenario 3: STEMI

Essential action score (/30) 17.3 15.9 18.4 0.006

Global assessment score (/5) 2.6 2.9 4.3 , 0.001

Relevant written examination (/16) 8.4 8.4 11.0 0.05

CCFP 5 certificant of the College of Family Physicians; EM 5 emergency medicine; FRCP 5 fellow of the Royal College of Physicians and

Surgeons of Canada; RSI 5 rapid-sequence intubation; STEMI 5 ST elevation myocardial infarction; VT 5 ventricular tachycardia.
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seen within each level of training, but we did find a
general trend toward higher scores with increasing
level of training. With respect to the comparison of EA
checklist scores, the junior FRCP residents (PGY 1–2)
outperformed the CCFP-EM (PGY 3) residents and all
residents in scenario 1. This was unexpected but may
be explained by the timing of the examination and the
background training of each group. At our institution,
the junior FRCP residents conduct weekly resuscita-
tion rounds in the simulation laboratory independent
of senior residents (PGY 3–5) and core academic
rounds. These start in the first week of residency and
continue throughout the academic year. This provides
the junior residents with significantly more experience
in the simulation laboratory in the 2 months leading up
to the OSCE when compared to the variable exposure
of the CCFP-EM group, whose experience in high-
fidelity simulations can be as little as four core training
sessions. The probable effect of this was most obvious
when observing the results of the ventricular tachy-
cardia with cardioversion scenario, which the junior
residents would have performed repeatedly, even
weekly, in their resuscitation rounds immediately
leading up the OSCE. Although the senior residents
had undergone similar weekly resuscitation rounds
previously, it was likely the recent repetitive practice of
the junior residents in this relatively straightforward
resuscitation case that led to them scoring higher on
scenario 1. Because the junior residents also scored
higher than the others in the GAS in this scenario,
their score is a direct reflection of their excellent
performance rather than a flaw in the construct validity
of the tool.

In general, we found that the GAS was able to
accurately discriminate between residents of different
levels of training, but there also seemed to be a linear
correlation between the GAS and EA scores. Although
previous work has demonstrated a good correlation
between GAS and EA scores,23 it is evident that each
method of assessment carries specific drawbacks and
benefits. EA checklists perform well when there are
clearly delineated steps or components of performance
that are well established, for example, involving
procedural skills.5 The GAS is felt to be less precise
than an EA checklist but may carry stronger validity in
performance-based assessment.6 In the objective assess-
ment of surgical residents, a GAS was shown to be
more effective, with higher reliability and validity, than
a checklist-based score.24 GASs may capture aspects of

expert resuscitation that are difficult to delineate with a
checklist, such as efficiency, decisiveness, and commu-
nication skills.6 This may suggest that a combination of
the two scores or a hybrid scoring system would be
most effective.1 Our findings of a linear correlation
between the GAS and EA scores and a superior
discriminatory performance of the GAS support the
future use of GAS alone or hybrid GAS with anchors.

The interrater reliability of GAS and EA scores for
each scenario varied, but our results were comparable
to those of other similar studies, with published mean
reliability estimates of approximately 0.60 to 0.85.13–18

It is important to note that most of the other studies
referenced are from anesthesia and pediatrics and use
different assessment tools. We suspect that the poor
reliability for scenario 3 arose because of errors in the
development of EA checklist points as scenario 3 also
had the lowest correlation between EA scores and
GAS. EA checklist items are likely not specific enough
to discriminate between poor, average, and excellent
performances.

The limitations of our study design include a small
sample size, incomplete blinding of raters, and the
substantial effort and resources required to run and
evaluate the simulations. We chose to focus only on
EM residents at our institution, and our expert raters
were from the same institution. Future studies may
choose to use expert raters from a different institution
to avoid bias. The estimated time required to evaluate
all videotaped performances was 8 to 10 hours per
evaluator, and the preparation and execution time for
the examinations was over 30 hours and involved two
physicians, one resident, one technician, and two
nurses. It is clear that significant evaluator dedication
and substantial resources are required to carry out
simulation-based assessment. Our hope is that as our
scenarios are validated and experience is gained, the
process will become more streamlined and efficient.

Our study demonstrates the ability of high-fidelity
simulation to be used as an assessment tool for EM
resident competency. Our study findings demonstrate
the great potential for the creation of valid assessment
tools using high-fidelity simulation for use in high-
stakes summative evaluations. We have highlighted the
utility of a GAS and the difficulties associated with a
checklist-based scoring system in the assessment of
expertise in resuscitation. We plan to continue to
develop, evaluate, and refine a collection of resuscita-
tion scenarios to be used for high-fidelity simulation
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training and assessment. This study and others of its
kind can serve as the foundation for the further
integration of high-fidelity simulation into summative
and high-stakes assessment in the future. We expect
that high-fidelity simulation will soon become an
integral part of the summative assessment of residents
in the form of both internal and across-center
residency examinations and board certification exam-
inations.

CONCLUSIONS

This study outlined the creation of a high-fidelity
simulation assessment tool for trainees in EM. A
single-point GAS demonstrated stronger relational
validity and more consistent reliability in comparison
with an EA checklist. This preliminary work will
provide a foundation for ongoing future development
of simulation-based assessment tools.
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