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The acute management of critically ill patients is not limited
to Critical Care Medicine physicians, but is pertinent to all

Background: Crisis resource management (CRM) skills are a set of nonmedical skills
required to manage medical emergencies. There is currently no gold standard for
evaluation of CRM performance. A prior study examined the use of a global rating
scale (GRS) to evaluate CRM performance. This current study compared the use of a
GRS and a checklist as formal rating instruments to evaluate CRM performance during
simulated emergencies.

Methods: First-year and third-year residents participated in two simulator scenarios
each. Three raters then evaluated resident performance in CRM using edited video
recordings using both a GRS and a checklist. The Ottawa GRS provides a seven-point
anchored ordinal scale for performance in five categories of CRM, and an overall
performance score. The Ottawa CRM checklist provides 12 items in the five categories
of CRM, with a maximum cumulative score of 30 points. Construct validity was
measured on the basis of content validity, response process, internal structure, and
response to other variables. T-est analysis of Ottawa GRS scores was conducted to
examine response to the variable of level of training. Intraclass correlation coefficient
(ICC) scores were used to measure inter-rater reliability for both scenarios.

Results: Thirty-two firstyear and 28 third-year residents participated in the study.
Third-year residents produced higher mean scores for overall CRM performance than
firstyear residents (P < 0.05), and in all individual categories within the Ottawa GRS
(P < 0.05) and the Ottawa CRM checklist (P < 0.05). This difference was noted for
both scenarios and for each individual rater (P < 0.05). No statistically significant
difference in resident scores was observed between scenarios for both instruments. ICC
scores of 0.59 and 0.61 were obtained for Scenarios 1 and 2 with the Ottawa GRS,
whereas ICC scores of 0.63 and 0.55 were obtained with the Ottawa CRM checklist.
Users indicated a strong preference for the Ottawa GRS given ease of scoring,
presence of an overall score, and the potential for formative evaluation.
Conclusion: Construct validity seems to be present when using both the Ottawa GRS
and CRM checklist to evaluate CRM performance during simulated emergencies. Data
also indicate the presence of moderate inter-rater reliability when using both the
Ottawa GRS and CRM checklist.

(Sim Healthcare 4:6-16, 2009)
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acute care specialties.! Despite this fact, instruction of skills
required to successfully manage such crises is rarely provided
in undergraduate or postgraduate education.?* Although
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medical knowledge forms the foundation of resuscitation
skills, it alone is insufficient. Studies reviewing Operating
Room critical events indicate that human error is responsible
for half of these complications.*> A more important finding
is that most of these events are not due to a lack of medical
knowledge, but are attributable to errors in crisis resource
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6 Validation of CRM Evaluation With Simulation

management (CRM). CRM refers to a set of skills outside of
medical knowledge that are required to effectively manage
the actual crisis itself. Errors that occurred were found to be
similar to those discovered during reviews of emergencies in
other nonmedical professions such as the aviation, aerospace,
and nuclear industries.>~!! The original crew resource man-
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agement skills identified in the nonmedical professions were
then adapted for use in the medical setting as CRM sKkills.!

Given the universal nature of critically ill patients, the
instruction of CRM skills is essential for any acute care spe-
cialty. Similarly, the ability to formally evaluate performance
in CRM seems equally important.

Recent advances in computer technology have enabled
innovative medical education programs to incorporate com-
puter-based patient simulation as an instruction tool for
CRM skills. Although simulations provide a safe environ-
ment in which evaluation of resuscitation skills can be per-
formed, it cannot be equated with evaluation of real-life per-
formance. However, real-life resuscitation often takes place
in an uncontrolled environment, with many factors influenc-
ing both the process and result of the attempted resuscitation.
Because patient welfare takes precedence over the require-
ments to provide a controlled evaluation setting, many con-
founding factors are introduced in the evaluation of perfor-
mance during a real-life emergency. These include supervisor
intervention, variability in support staff assistance, and dif-
ferences in the presentation and/or severity of each case. For
all of the above reasons, while simulation can only provide an
approximation of real-life resuscitation, it remains the only
viable means to formally evaluate performance of resuscita-
tion skills in a real-time and dynamic environment.

Few studies exist that formally validate performance eval-
uation during simulation.'>-2* The lack of a gold standard for
CRM performance represents the greatest obstacle in for-
mally validating CRM evaluation and evaluation of perfor-
mance during simulated emergencies. One rating instrument
used in the Operating Room setting, the Anesthetists’ Non-
Technical Skills tool, has undergone formal evaluation and
shows considerable promise.?> A recent study at the Univer-
sity of Ottawa examined the role of a global rating scale (GRS)
for the formal evaluation of CRM performance during com-
mon simulated emergencies.?® The rating instrument used in
the study was the University of Ottawa CRM GRS (hereafter
referred as the “Ottawa GRS”).

It is unclear what type of instrument should be used to
measure CRM performance. While most of the studies in
high-fidelity simulation have used checklists, these have been
for evaluation of crises where specific solutions or “best ac-
tions” are recognized. In contrast, emergencies that com-
monly occur in the intensive care unit and Emergency Room
(ER) (respiratory failure, shock, etc.) do not have a single
“best action” or specific remedy. Some studies in medical
education in other settings suggest checklists are unable to
detect increases in levels of expertise, while GRS seem to be
superior in detecting such differences.2’-2° Other studies have
demonstrated that checklists can discriminate between dif-
fering levels of performance, especially in settings where
clearly accepted “best actions” are present.3%-3! Given the con-
flicting data, a comparison of a CRM checklist (hereinafter
referred to as the “Ottawa CRM checklist”) and GRS (Ottawa
GRS) in the evaluation of CRM performance was conducted.

The American Educational Research Association and
American Psychologic Association Standards for Educational
and Psychologic Testing have outlined five components of
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evidence to support the presence of construct validity.3233
The following four areas were examined for this study.

Content Validity
Content validity refers to whether or not the rating instru-
ment covers all the relevant domains of CRM.

Response Process

Response process refers to the integrity of data and the
maximum control and/or elimination of error associated
with test administration.??3> Therefore, both case delivery
and scoring of performance were examined.

Relationship to Other Variables

Relationship to other variables was examined using the
variable of residency experience and/or training through the
hypothesis that postgraduate third-year (PGY-3) residents
will have higher CRM scores than postgraduate first-year
(PGY-1) residents. A corollary hypothesis that exists is that as
residents gain more experience in CRM, they will have higher
CRM scores.

Internal Structure

Internal structure refers to the statistical or psychometric
properties of the instrument itself.3233 Internal structure was
therefore examined by the evaluation of both reliability and
discriminatory ability measures for each simulator scenario
and for each category within the Ottawa GRS and each cate-
gory and/or item within the Ottawa CRM checklist.

METHODS
Target Population

The study was conducted with consenting PGY-1 and
PGY-3 residents at the University of Ottawa, after receiving
ethics approval from The Ottawa Hospital Research Ethics
Board. The University of Ottawa holds accredited residency
programs in all major medical, surgical, and anesthesiology
specialties. Participants with prior simulator experience in
residency were excluded. This excluded all PGY-3 residents
from the Department of Anesthesiology. Recruitment took
place via an anonymous e-mail advertisement.

Study Design

Participating residents were allocated into PGY-1 or
PGY-3 groups. Each group of residents then participated in
three separate half-day sessions—the simulator tutorial ses-
sion, and two individual simulator scenario sessions.

Simulator Tutorial Session

The simulator tutorial session took place 2 days before the
first simulator session and covered topics in acute resuscita-
tion of critically ill patients. This was done to ensure that a
minimal foundation of medical knowledge required for the
acute management of critically ill patients was provided to all
residents. The tutorial session also provided a brief orienta-
tion to the simulator patient and simulator room environ-
ment.

Simulator Environment

Each case took place, using the MedSim simulation man-
nequin, in a dedicated simulation room that recreated the
intensive care unit physical environment.
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Simulator Sessions

The two simulator sessions took place within a 2—-3 week
period. Each resident performed as the lead physician for
each simulator scenario. The order of scenarios was identical
for each resident. The first scenario involved cardiac ischemia
and arrhythmias in a postoperative patient, whereas the sec-
ond scenario involved a patient presenting in acute shock and
hypoxemic respiratory failure after severe trauma from a fall.
Both cases were developed from real-life cases and were re-
viewed by simulator instructors and staff intensivists from
across Canada for realism of case content and timing. Both
cases were reviewed and/or used by instructors during the
Canadian Local and National Acute Critical Events Simula-
tion (ACES) courses—a skills-based Continuing Medical Ed-
ucation (CME) course using high-fidelity patient simulation
and task trainers to train critical care residents in resuscita-
tion skills. These cases were reviewed and/or used during the
2001 Local and 2002 National ACES courses. The pro-
grammed sequence of events for both scenarios required that
residents re-evaluate and react to new problems in each sce-
nario. Before each scenario, residents received a brief synop-
sis of the case, similar to a phone consultation for assessment.

The initial setting and the clinical events in each case were
identical for all residents. For each case, support staff was
present to assist the resident. Trained actors assumed the
roles of registered nurse and respiratory therapist in each
case. In the event that residents failed to intervene unaided to
specific events during the scenario, support staft would give
preset cues to assist residents in recognizing these events.
These cues included repeated observation of abnormal vital
signs or aberrant clinical signs. These cues were determined
during the scenario development and were peer-reviewed by
simulation instructors during the Canadian National ACES
course and local ACES courses for realism and timing. The
cues thus enabled the scenario to progress in a realistic fash-
ion, as support staff interaction could assist residents of dif-
ferent skill levels.

Resident performance during the simulator scenario ses-
sions was videotaped. The videotapes were digitally edited to
superimpose a black dot over the image of the participant’s
face to completely hide their identity. Residents were also
instructed to avoid using their own names. Three attending
physicians, with experience in Critical Care Medicine and/or
CRM skills instruction, evaluated each resident simulator
scenario session using the Ottawa GRS and the Ottawa CRM
checklist.

Development of Evaluation Instrument—Ottawa GRS

The Ottawa GRS is divided into five categories of CRM
skills based on recognized CRM literature—problem solving,
situational awareness, leadership, resource utilization, and
communication (Appendix 1).>3 An overall rating category
for CRM performance was also provided. Each category was
measured on a seven-point anchored ordinal scale with de-
scriptive anchors to provide guidelines on alternating points
along the scale. These descriptors were added to reduce per-
sonal bias in interpreting performance. The scoring system
was designed so that a score of one corresponded to the per-
formance judged to be that of a complete novice, and a score
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of three corresponded to the performance of a novice with
some CRM and resuscitation experience. A score of five cor-
responded to the performance of a physician with sufficient
CRM and resuscitation experience to manage critical events
competently, whereas a score of seven corresponded to the
performance of a physician with expertise in the area of re-
suscitation and CRM. The amount of cueing necessary for
residents to act was taken into account in the Ottawa GRS
descriptive anchors.

The individual Ottawa GRS categories, scoring system,
and descriptive anchors for each category were developed
using a Delphi process® to collect expert data and opinion
about CRM evaluation. Input was received from Critical Care
Medicine physicians, acute care specialty staff physicians
(Anesthesiology, Emergency Medicine) and CRM experts
from the University of Ottawa. Input was also received from
other high-fidelity simulation instructors across Canada. An
initial GRS was circulated to each expert in Ottawa and feed-
back received. After input was received and initial revisions
made, the GRS was circulated to national simulation and/or
CRM instructors during the 2001-2003 National ACES
courses for feedback. Further modifications were made after
receiving the feedback from national instructors. Before ad-
ministration of the GRS, the local group of instructors met
and made final revisions after a test run of GRS use on a pilot
group of residents performing in simulated emergencies.

Development of Evaluation Instrument—Ottawa CRM Checklist

The Ottawa CRM checklist incorporates the CRM catego-
ries used with the Ottawa GRS (Appendix 2). However, the
categories are further subdivided into individual items, each
representing important actions or behaviors within that cat-
egory. Each item was scored on a two-point scale, with two
points for a successfully completed action/behavior, one
point for a partially completed behavior (or if it required
cueing), and no points for an omitted or inadequately com-
pleted behavior. A total of 12 items were identified; three
items were given double weight (four, two, and zero) based
on expert opinion. These were given extra weighting after
unanimous input from both CRM and acute care specialty
physicians indicating that these elements formed the founda-
tion of successful CRM. A Delphi process** identical to the
Ottawa GRS development (as described earlier) was used in
the development of the Ottawa CRM checklist categories,
scoring system, and descriptors.

Rater Training

Three raters (A, B, and C) were chosen to evaluate each
resident case scenario session. Each rater was chosen for their
expertise as an acute care physician and CRM instructor. The
simulator instructor present for all simulator sessions was
excluded from being a rater to preserve the integrity of the
blinding process.

The simulator instructor and two of the three raters par-
ticipated in the original Delphi process used in the develop-
ment of the Ottawa GRS and Ottawa CRM checklist. Each
simulator instructor reviewed video files of a substandard,
standard, and near-expert level of performance for each sce-
nario. Each rater individually rated the video files using the
Ottawa GRS and Ottawa CRM checKklist. All raters and the
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simulator instructor then met again to review the scoring by
each rater for each session. The Ottawa GRS and Ottawa
CRM checklist scoring system and use of descriptive anchors
were revised, and statistical consensus was obtained from all
three raters for each scoring category. Raters then individu-
ally rated all sessions. Raters were not instructed on order of
instrument used and were allowed to review the videotape if
necessary to complete scoring with either instrument.

Measurement of Construct Validity

Construct validity was measured with the four American
Educational Research Association and American Psychologic
Association Standards for Educational and Psychologic Test-
ing variables of content validity, response process, internal
validity, and the relationship to the variable of training.3>33
Content validity and response process were not measured
statistically, but through the analysis as described in the Dis-
cussion section. Response to the variable of training was thus
measured by comparing PGY-1 and PGY-3 Ottawa GRS and
Ottawa CRM checklist scores. Analysis of performance be-
tween groups was conducted by ¢ test analysis of a mean of the
raters’ scores. A comparison of PGY-1 and PGY-3 scores
between scenarios was also performed for both the Ottawa
GRS overall scores and Ottawa CRM checklist total scores
using an analysis of variance for each rater to examine if any
differences in scores were present in both cases, and with each
rater. Internal consistency was measured by assessed by mea-
sures of interobserver reliability using type III intraclass cor-
relation coefficient (ICC) for the overall CRM performance
score on the Ottawa GRS and individual GRS category scores.
A type III ICC was also calculated for the summation score on
the Ottawa CRM checklist and for the individual CRM
checklist category scores.

Sample Size and Timeline

Sample size was based on the primary hypothesis that
PGY-3 residents will outperform PGY-1 residents. The sam-
ple size was based on Cohen’s? definition of moderate effect
size of 0.5 population standard deviation units. Since the
hypothesis is directional, a one-tailed significance test was
used with a power of 0.8. Based on these parameters, the
required sample size was 50 for each group of residents.

In May 2002, when the study was presented at the 2002
Ontario Network of Medical Education, expert opinion indi-
cated that an effect size calculation of 0.8 units would be more
appropriate. This translated to a sample size target of 20
PGY-1 and 20 PGY-3 residents per group. By that time, 32
PGY-1 residents and 19 PGY-3 residents had been success-
fully completed participation in the study, with an additional
nine PGY-3 residents already recruited for sessions in July
and August 2002. Based on expert opinion, enrollment was
terminated after the August 2002 resident group completed
participation in the study.

RESULTS

Thirty-two PGY-1 and 28 PGY-3 residents were recruited
(Table 1). One PGY-1 and one PGY-3 resident withdrew
from the second simulator session after participating in one
simulator session due to an inability to attend the second
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Table 1. Resident Demographics (PGY-1 and PGY-3)

Demographic Information PGY-1 Group PGY-3 Group
No. participants 32 28
Age (mean + standard deviation) 27.75 * 3.73 30.39 + 3.58
Gender (male/female) 13/19 18/10
Specialty

Internal medicine 8 13

General surgery 1

Other surgery* 9

Anesthesia 3

Emergency medicine 1

Family medicine 8 8t

Othert 2 0
Medical school (Canadian/Other) 28/4 26/2
Prior ICU weeks (mean + SD) 1.22 £ 1.68 8.61 +5.23
Prior ICU on-call nights 1.19 £ 2.34 12.96 * 10.12

*Other surgery— ear/nose/throat (ENT) (2), obstetrics (3), ophthalmology (2), and
orthopedics (2).

+PGY-3 in family medicine in combined anesthesia (2)/emergency medicine (6).
$Other—neurology (1) and psychiatry (1).
PGY-1, Post-Graduate Year-1; PGY-3, Post-Graduate Year-3.

simulator session. During the video recording process, three
videos of PGY-1 simulator sessions and three videos from
PGY-3 simulator sessions encountered technical problems
and were thus excluded from the analysis. The remaining 112
sessions were analyzed, with 28 PGY-1 and 27 PGY-3 resi-
dents having recorded videos of both scenarios. All videos
were included for analysis of construct validity by compari-
son of PGY-1 and PGY-3 scores. All videos were also used for
analysis of inter-rater reliability. However, videos from resi-
dents with only one session for scoring were excluded from
analysis of intercase reliability.

Construct validity through relationship to the variable of
training for both the Ottawa GRS and Ottawa CRM checklist
was examined by comparison of PGY-1 and PGY-3 scores
(Tables 2 and 3). A significant difference between PGY-1 and
PGY-3 residents was noted in both overall CRM performance
scores on the Ottawa GRS (P < 0.05) and cumulative CRM
checklist scores (P < 0.05).

Individual categories within the Ottawa GRS and Ottawa
CRM checklist underwent analysis for construct validity with
respect to relationship to the variable of training (Tables 4
and 5). Significant differences were present in all Ottawa GRS
categories and all Ottawa CRM checklist categories (P <
0.05). An analysis of variance for overall CRM scores in the
Ottawa GRS and cumulative CRM scores for the Ottawa
CRM checklist was conducted for each case and with each
rater (Tables 6 and 7). Significant differences were present in
both cases with all raters (P < 0.05).

Table 2. Ottawa GRS Scores PGY-1 vs. PGY-3: Overall
CRM Performance

Session PGY-1Overall PGY-3Overall Mean Difference*

No. CRM Score CRM Score (95% CI) P
Overall 4.13 = 0.87 5.54 = 0.85 1.41 (0.92-1.90) <0.05
1 3.84 £ 1.67 5.42 £ 1.28 1.57 (0.97-2.18) <0.05
2 433 = 1.14 5.79 £ 1.00 1.45 (0.87-2.04) <0.05

*Mean difference = PGY-3 — PGY-1 score.
GRS, Global Rating Scale; CRM, Crisis Resource Management.
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Table 3. Otftawa CRM Checklist Scores PGY-1 vs. PGY-3
Cumulative Checklist Scores

Session PGY-1 CRM PGY-3 CRM Mean Difference

No. Cumulative Score Cumulative Score (95% CI) P
Overall 20.72 = 3.61 25.51 *= 2.55 4.84 (3.03-6.64) <0.05
1 19.34 *= 4.80 25.15 = 4.08 5.81(3.58-8.04) <0.05
2 21.77 = 4.17 26.19 = 2.94 4.42 (2.45-6.39) <0.05

A comparison of resident scores for overall GRS category
scores and summation scores on the Ottawa CRM checklist
from Scenario 1 to 2 was conducted (Table 8). No significant
difference in CRM performance was noted for either the Ot-
tawa GRS or the Ottawa CRM checklist for PGY-1 and PGY-3
residents.

Inter-rater reliability for both the Ottawa GRS and Ottawa
CRM checklist was also examined by a calculation of ICC
scores. The overall CRM performance score on the Ottawa
GRS demonstrated an ICC score of 0.59 and 0.61 for Scenar-
ios 1 and 2, respectively (Table 9). The cumulative checklist
score on the Ottawa CRM checklist demonstrated an ICC
score of 0.63 and 0.55 for Scenarios 1 and 2, respectively.
Further analysis of individual categories within the Ottawa
GRS revealed similar reliability scores for problem solving,
leadership, and situational awareness, with ICC scores rang-
ing from 0.48 to 0.63. The Ottawa GRS categories of Resource
Utilization and Communication demonstrated lower reli-
ability scores, with ICC scores ranging from 0.24 to 0.38. The
pattern of reliability was again noted for individual items
within the Ottawa CRM checklist, with ICC scores ranging
from 0.46 to 0.60 for the categories of problem solving, lead-
ership, and situational awareness. Lower inter-rater reliabil-
ity measurements were again observed for Resource Utiliza-
tion and Communication, with ICC scores ranging from 0.24
to 0.38.

DISCUSSION

The scientific validation of an evaluation device represents
a daunting task. For high-fidelity simulation, the challenge is
even greater, especially given the lack of an accepted gold
standard for comparison.>¢ In the case of CRM skills, it was
also necessary to create and validate a formal instrument to

measure CRM skill performance. Given the lack of gold stan-
dard, the role of high-fidelity simulation as a potential eval-
uation device was first examined by measures of construct
validity and reliability for both instruments.

The Ottawa GRS and Ottawa CRM checklist demon-
strated evidence for the presence of construct validity in mul-
tiple domains.?2-** Both the Ottawa GRS and Ottawa CRM
checklist categories are based on the work by Gaba et al.> Both
rating instruments and simulator cases were reviewed and
modified through a Delphi process by both simulation and
CRM instructors from across Canada, therefore content va-
lidity seems to be present.

Residents received an orientation session to familiarize
themselves with the simulator environment, and each resi-
dent participated in identical scenarios. The use of scripted
cues from support staff for each case also ensured uniformity
of case delivery. An extensive Delphi rater training process
was undertaken to complete the Ottawa GRS and the Ottawa
CRM checklist, and that all videotapes were digitally con-
verted to a uniform viewing format for rater evaluation.
Therefore, both the case delivery and the rating process itself
also seem to meet optimal criteria to minimize error in the
scoring process itself, and therefore meet the criteria of re-
sponse process.

Relationship to the variable of training was examined by
comparing PGY-1 and PGY-3 scores. The study results indi-
cate that both the Ottawa GRS and Ottawa CRM checKklist
could differentiate between PGY-1 and PGY-3 performance
during simulator scenarios. Some readers may question
whether the difference in performance was simply due to a
difference in medical knowledge between the PGY-1 and
PGY-3 groups. However, as the second case involved a
trauma scenario, a difference in case-specific knowledge
alone would seem insufficient to explain this difference, given
that over half the PGY-3 residents did not train in surgical or
trauma-related specialties. More importantly, regardless of
the reason for the difference in observed performance be-
tween groups, all three raters consistently and reliably noted a
significant difference in overall CRM scores between the
PGY-1 and PGY-3 resident groups, as well as cumulative
scores for the Ottawa CRM checklist (Tables 2 and 3). These

Table 4. Ottawa GRS Scores PGY-1 vs. PGY-3 Individual CRM Categories

Session No./GRS Category PGY-1 Score PGY-3 Score Mean Difference (95% CI) P

Session 1
Overall 3.84 £ 1.67 5.42 £ 1.28 1.57 (0.97-2.18) <0.05
Leadership 4,13 = 1.03 5.39 £ 1.02 1.26 (0.71-1.82) <0.05
Problem solving 3.84 = 1.26 5.40 = 0.91 1.56 (0.95-2.17) <0.05
Situational awareness 3.85 = 1.19 5.23 = 0.96 1.38 (0.79-1.97) <0.05
Resource utilization 4.46 *+ 0.90 5.43 = 0.76 0.97 (0.51-1.43) <0.05
Communication 491 +0.83 5.57 = 0.63 0.66 (0.26-1.07) <0.05

Session 2
Overall 433 *+ 1.14 5.79 £ 1.00 1.45 (0.87-2.04) <0.05
Leadership 4.56 = 1.09 5.86 = 0.81 1.31 (0.73-1.89) <0.05
Problem solving 435 = 1.11 5.79 = 1.12 1.44 (0.81-2.08) <0.05
Situational awareness 4.30 + 1.12 5.74 = 0.99 1.44 (0.87-2.02) <0.05
Resource utilization 4.73 £ 0.88 5.90 = 0.71 1.17 (0.74-1.61) <0.05
Communication 5.33 = 0.87 5.99 + 0.57 0.65 (0.25-1.06) <0.05
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Table 5. Ottawa CRM Checklist Scores PGY-1 vs. PGY-3 Individual CRM Categories

Session No./Checklist Category (Max. score) PGY-1 Score PGY-3 Score Mean Difference (95% CI) P

Session 1
Summation (30) 19.34 = 4.80 25.15 = 4.08 5.81(3.58-8.04) <0.05
Leadership (8) 5.03 + 1.46 6.90 + 0.98 1.87 (1.18-2.56) <0.05
Problem solving (4) 2.19 + 1.03 3.38 + 0.58 0.67 (0.32-1.04) <0.05
Situational awareness (6) 3.34 £ 1.24 4.75 = 0.92 1.41 (0.80-2.01) <0.05
Resource utilization (4) 2.45 *+ 0.78 3.13 = 0.46 0.67 (0.32-1.04) <0.05
Communication (8) 6.33 = 0.94 7.00 = 0.61 0.67 (0.23-1.10) <0.05

Session 2
Summation (30) 21.77 * 4.17 26.19 + 2.94 4.42 (2.45-6.39) <0.05
Leadership (8) 5.57 = 1.33 6.89 = 1.12 1.32 (0.65-1.99) <0.05
Problem solving (4) 2.80 = 0.86 3.58 = 0.55 0.78 (0.38-1.17) <0.05
Situational awareness (6) 3.72 = 1.20 5.00 = 0.78 1.28 (0.73-1.84) <0.05
Resource utilization (4) 3,12 = 0.48 3.55 = 0.32 0.43 (0.21-0.66) <0.05
Communication (8) 6.56 = 1.00 7.16 £ 0.79 0.61 (0.17-1.04) <0.05

results would suggest that both the Ottawa GRS and Ottawa
CRM checklist differentiated groups not based on differences
in medical knowledge alone, but on some other skill set, such
as CRM performance. The fact that all CRM categories in the
Ottawa GRS and Ottawa CRM checklist demonstrated this
effect would suggest that from a relationship-to-other-vari-
ables perspective, construct validity is present (Tables 4 and
5). The fact that these differences were also observed with
each case and with each rater (Tables 6 and 7) further
strengthens the notion that construct validity is present.

Construct validity was also measured by the effect of sim-
ulator session participation on CRM scores from the second
simulator session (Table 8). The fact that resident overall
CRM scores on the Ottawa GRS and cumulative scores on the
Ottawa CRM checklist did not improve is not surprising,
given the short-time interval between the first and second
sessions. A more robust analysis of the effect of experience on
CRM would involve PGY-1 residents again performing in the
simulator later in training, when they would have presum-
ably acquired a significant amount of CRM experience. Fu-
ture studies will incorporate this design change.

Both the Ottawa GRS and the Ottawa CRM checklist
seemed to demonstrate discriminatory ability for each case,
as statistically significant differences between PGY-1 and
PGY-3 residents were observed both in overall and individual
categories. From a reliability perspective, the Ottawa CRM
overall performance, problem solving, situational awareness,
and leadership style categories demonstrated moderate ICC

Table 6. Ottawa GRS scores PGY-1 vs. PGY-3 by
Individual Rater ANOVA

scores (Table 9). Similar ICC scores were seen in the same
categories for the Ottawa CRM checklist. Therefore, con-
struct validity seems to be present from the perspective of
internal structure.

Although prior studies in high-fidelity simulation mostly
used checklists of recognized “best” actions and behaviors for
problems with recognized solutions, data from other settings
in medical education suggest that the GRS is superior in de-
tecting differences from the novice and expert perfo-
rmer.27-28:29 However, in this case, both the Ottawa GRS and
Ottawa CRM checklist demonstrated good measures of con-
struct validity. The fact that all Ottawa GRS and Ottawa CRM
checklist categories demonstrated this effect is also impor-
tant. These findings would support the premise that differ-
ences in CRM performance during simulated emergencies
can be detected using both the Ottawa GRS and Ottawa CRM
checKklist.

The Ottawa CRM checklist differs from many of the
checklists used in prior studies is that it was designed for
generic use and not as a checklist of “correct” actions for
specific emergencies where a “best solution” is present. Given
that most emergencies in medicine do not have such “best
solutions,” this difference may account for the similar prop-
erties observed for both the Ottawa GRS and Ottawa CRM
checKklist.

From the perspective of reliability, while an ICC score of
0.60 represents a moderate level of inter-rater reliability, it is
not considered to be ideal for high stakes (or “summative”)

Table 7. Ottawa CRM Checklist Scores PGY-1 vs. PGY-3
by Individual Rater ANOVA

Mean Difference

Session No./ Mean Difference

Session No./Rater PGY-1Score PGY-3 Score (95% CI) P Rater PGY-1Score PGY-3 Score (95% CI) P
Rater A Rater A
Session 1 397 +1.51 5.42*1.14 1.45(0.71-2.19) <0.05 Session 1 17.97 £5.60 23.17 = 4.09  5.20 (2.48-7.92) <0.05
Session 2 4.00 £ 1.33 5.63 =0.97 1.63(1.00-2.27) <0.05 Session 2 19.56 = 4.01  24.00 = 3.50  4.44 (2.06-6.83)  <0.05
Rater B Rater B
Session 1 421 *£1.86 558 *+1.28 1.37(0.48-2.25) <0.05 Session 1 21.06 = 6.64 26.67 £3.52 5.60(2.61-8.60)  <0.05
Session 2 493 +1.66 6.11 £1.37 1.18(0.35-2.02) <0.05 Session 2 23.48 £ 6.64 27.85* 353 4.37 (1.46-7.27) <0.05
Rater C Rater C
Session 1 334 +1.23 5.25*0.97 1.91(1.29-2.52) <0.05 Session 1 19.00 = 4.82  25.63 £ 3.93 6.63(4.21-9.04)  <0.05
Session 2 4.07 £1.30 5.63 = 1.18 1.56(0.88-2.23) <0.05 Session 2 22.26 = 424  26.70 = 3.57  4.44 (2.30-6.59) <0.05
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Table 8. Overall CRM Scores: Case 1 vs. Case 2

CRM Scores

Level of Mean Difference
Training Session 1 Session 2 (95% CI) P
Ottawa GRS*

PGY-1 393 £1.27 433+ 1.14 0.40(—0.27-1.07) 0.232

PGY-3 5.43 = 0.93 5.65 +1.01 0.22 (—0.20-0.63) 0.288
Ottawa CRM

checklistf
PGY 19.67 = 5.03 21.77 £4.17 2.10 (—0.19-4.39) 0.07
PGY-3 2529 £2.98 25.81 =3.00 0.52(—0.83-2.42) 0.43

*Fifty residents: 27 PGY-1 and 23 PGY-3 residents in overall CRM category scores
used for analysis.

TFifty residents: 27 PGY-1 and 23 PGY-3 residents in summation CRM checklist
scores used for analysis.

evaluation. Given the fact that both rating instruments are
unproven as evaluation tools, it is difficult to determine if
reliability was decreased due to errors in the rating instru-
ment design or due to errors in the rater training process, or
a combination of the two. In reviewing the individual rater
scores, the so-called “dove/hawk” effect was observed—some
raters may consistently score performances lower than other
raters (hawks), whereas other raters may consistently score
performances higher than other raters (doves).>” Rater B
clearly demonstrated mean overall CRM performance scores
and cumulative checklist scores higher than Raters A and Cin
both simulator scenarios. This finding suggests that the rater
training process may be at least partially responsible for some
of the variability between raters. Given the above results, it is
likely that revisions both to the original instrument design
and rater training process will be required before greater in-
ter-rater reliability will be observed.

It is important to recognize that the results of this study
indicate both the Ottawa GRS and Ottawa CRM checKklist
seem equivalent at this time in terms of construct validity and
inter-rater reliability. This was based on a comparison of
scores from two different sets of residents at the PGY-1 and
PGY-3 level of training. However, the study does not specif-

Table 9. Ottawa GRS and Ottawa CRM Checklist

Intraclass Correlation Coefficient (ICC) Scores

Ottawa GRS Type-III Ottawa CRM Checklist

GRS Category ICC (ICC31) Type-IITI ICC (ICC31)

Session 1
Overall* 0.590 0.633
Leadership 0.491 0.603
Problem solving 0.551 0.546
Situational awareness 0.475 0.502
Resource utilization 0.346 0.439
Communication 0.236 0.272

Session 2
Overall* 0.613 0.545
Leadership 0.626 0.548
Problem solving 0.567 0.456
Situational awareness 0.544 0.506
Resource utilization 0.355 0.156
Communication 0.384 0.236

*For the Ottawa CRM checklist, the ICC31 score refers to that of the cumulative
score.

ICC, intraclass correlation coefficient.

12 Validation of CRM Evaluation With Simulation

ically determine which instrument may be able to detect
changes in CRM skills expertise as residents’ progress
through training; such comparisons are premature given the
scope of this study.

While the rating instruments are being compared in their
potential role as a summative evaluation tool, they may also
serve a formative role in providing valuable feedback and
direction for self-improvement to residents as they progress
in training. This study did not specifically examine this issue.
The Ottawa CRM checklist provides more items for each
CRM category, which may be helpful in identifying specific
strengths and weaknesses within a resident’s CRM skill set.
However, the GRS provides a greater range of scores within
each category, which may allow a resident to track their
progress as they become more proficient in both acute resus-
citation and CRM skills. The Ottawa GRS also provides de-
scriptive anchors that incorporate many of the ideal behav-
iors and actions for each CRM category. Ultimately, if
revisions to instrument design and/or rater training fail to
separate the Ottawa GRS and Ottawa CRM checklist in terms
of reliability and validity, issues of feasibility and formative
feedback will likely play a pivotal role in determining which
rating scale is preferable for CRM evaluation. Furthermore,
while construct validity and reliability are key characteristics
of any potential evaluation device, feasibility is a key educa-
tional consideration. Given that both instruments demon-
strate excellent measures of construct validity and similar
measures of inter-rater reliability, feasibility may ultimately
determine which device is preferable. Each rater indicated a
strong preference for the Ottawa GRS, given its simplicity,
overall CRM performance score, ease of use, and greater flex-
ibility in allocating scores for CRM performance. Each in-
structor noted that the Ottawa GRS was easier to score, and
allowed for greater flexibility in judgment. They also com-
mented that the Ottawa GRS took less time to administer
while scoring. While the Ottawa CRM checklist provides
more categories for scoring, the narrow range for scoring and
extra time required to complete the checklist were both noted
by each rater as significant drawbacks compared with the
Ottawa GRS. The narrow range of scoring was also identified
by each rater as an obstacle for use as a formative evaluation
tool. However, the checklist’s comprehensive list of actions
may also provide more information to a resident in training.
As revisions to the Ottawa GRS and Ottawa CRM checklist
are underway, issues of reliability and validity will need to be
re-examined to ensure equivalence between both instru-
ments still exists.

High-fidelity simulation is fast becoming an integral com-
ponent of training in academic centers.>® This is likely in
recognition of the fact that high-fidelity simulation repre-
sents the only safe alternative to real-life practice for the ac-
quisition of experience in acute resuscitation and CRM. For
this reason alone, further examination of its potential as a
formal evaluation device for CRM and other skill sets in acute
resuscitation is warranted. The results of this publication sug-
gest that high-fidelity simulation may indeed play a key role
in the evaluation of CRM. A second follow-up study with
resident participation at the University of Ottawa is already
underway to assess revisions to both instrument design and
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rater training for both the Ottawa GRS and Ottawa CRM
checklist. Resident recruitment has also been redesigned to
allow PGY-1 residents to participate in their PGY-2 and
PGY-3 year of training. The results from this study will pro-
vide a more robust comparison on the validity, reliability,
and feasibility of both instruments. Until then, given the sim-
ilarity in measures of reliability and validity, the choice of
rating instrument for the assessment of CRM will likely re-
flect differences in feasibility and personal preference for each
instrument.

CONCLUSION

High-fidelity simulation offers the opportunity to evalu-
ate a skill set previously no gold standard for evaluation of
CRM current exists. This study examined the use of a CRM
skills GRS and checklist in formally evaluating CRM perfor-
mance. Construct validity seemed to be present for both in-
struments from the perspective of content validity, response
process, internal structure, and relationship to the variable of
training. The Ottawa GRS and Ottawa CRM checklist dem-
onstrated statistically significant differences in PGY-1 and
PGY-3 scores, indicating that both instruments demonstrate
the ability to discriminate between participants of differing
levels of ability. Both the Ottawa GRS and Ottawa CRM
checklist demonstrated moderate measures of inter-rater re-
liability, with poor reliability demonstrated in both instru-
ments in several CRM categories, indicating that future revi-
sions in design for both instruments are necessary. From a
feasibility perspective, users indicated a strong preference for
the Ottawa GRS, given the ease of scoring, presence of overall
score, and potential use as a tool for formative evaluation. A
second study is underway to examine further issues of valid-
ity and reliability once instrument design and rater training
revisions are completed.
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APPENDIX 1 - OTTAWA CRISIS RESOURCE MANAGEMENT (CRM) GLOBAL RATING SCALE

EVALUATION CRITERIA:

This evaluation scale is directed towards assessing competence in crisis management (CM) skills and care of critically ill patients. The standard of competence has been

set at the senior resident level, i.e._the third-
experience in managing crises. A there exists a requisite base o

year resident who has had prior ICU experience, and through experience as a senior housestaff physician, has previous
f medical knowledge required to effectively manage crises, this will also be evaluated. However, the

focus of evaluation will be on crisis management skills. The skills listed below comprise essential aspects of crisis management. In th§ simu!ator case scenario sessions,
performance in each of these areas will be assessed, in addition to the amount of prompting or guidance required during the case scenario sessions.

The following criteria will be evaluated:

LEADERSHIP SKILLS

Stays calm and in control during crisis
Prompt and firm decision-making

Maintains global perspective (“Big picture”)

SITUATIONAL AWARENESS
Avoids fixation error

Reassesses and re-evaluates situation constantly
Anticipates likely events

COMMUNICATION SKILLS
Communicates clearly and concisely

Uses directed verbal/non-verbal communication
Listens to team input

Resident #:

Staff:

14
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PROBLEM SOLVING

Organized and efficient problem solving approach (ABC’s)
Quick in implementation (Concurrent management)
Considers alternatives during crisis

RESOURCE UTILIZATION
Calls for help appropriately

Lﬁﬁzés resources at hand appropriately
Prioritizes tasks appropriately

OVERALL

Date:

Time:
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OVERALL PERFORMANCE

Novice; all CM skills
require significant
improvement

I LEADERSHIP SKILLS

1 2

Loses calm and control for most
of crisis; unable to make firm
decisions; cannot maintain
global perspective

3 4

Advanced novice; many
CM skills require moderate
improvement

3 4

Loses calm/control frequently
during crisis; delays in making
firm decisions (or with cueing);
rarely maintains global perspective

11. PROBLEM SOLVING SKILLS

Cannot implement ABC’s
assessment without direct cues;
uses sequential management
despite cues; fails to consider
any alternative in crisis

3 4

Incomplete or slow ABC
assessment; mostly uses
sequential management
approach unless cued; gives

little consideration to alternatives

III.  SITUATIONAL AWARENESS SKILLS

1 2

Becomes fixated easily despite
repeated cues; fails to reassess
and re-evaluate situation despite
repeated cues; fails to anticipate
likely events

3 4

Avoids fixation error

only with cueing; rarely
reassesses and re-evaluates
situation without cues; rarely
anticipates likely events

IV.  RESOURCE UTILIZATION SKILLS

1 2

Unable to use resources and staff
effectively; does not prioritize
tasks or ask for help when
required despite cues

3 4

Able to use resources

with minimal effectiveness;
only prioritizes tasks or asks for
help when required with cues

V. COMMUNICATION SKILLS

1 2

Does not communicate with
staff; does not acknowledge
staff communication, never
uses directed verbal/non-verbal
communication

Vol. 4, No. 1, Spring 2009

3 4

Communicates occasionally

with staff, but unclear and vague;
occasionally listens to but

rarely interacts with staff;

rarely uses directed verbal/
non-verbal communication

5 6

Competent; most CM skills
require minor improvement

5 6

Stays calm and in control for

most of crisis; makes firm

decisions with little delay;

usually maintains global perspective

5 6

Satisfactory ABC assessment;
without cues; mostly uses concurrent
management approach with only
minimal cueing; considers some
alternatives in crisis

5 6

Usually avoids fixation error
with minimal cueing; reassesses
re-evaluates situation frequently
with minimal cues; usually
anticipates likely events

S 6

Able to use resources with
moderate effectiveness; able
to prioritize tasks and/or ask
for help with minimal cues

5 6

Communicates with staff
clearly and concisely most

of time; listens to staff feedback;
usually uses directed verbal/
non-verbal communication

"

Clearly superior; few, if any CM
skills that only require minor
improvement

7

Remains calm and in control

for entire crisis; makes prompt

and firm decisions without delay;
always maintains global perspective

7

Thorough yet quick ABC

without cues; always uses
concurrent management approach;
considers most likely alternatives
in crisis

”

Avoids any fixation error

without cues; constantly
reassesses and re-evaluates
situation without cues;

constantly anticipates likely events

7

Clearly able to use resources
to maximal effectiveness; sets
clear task priority and asks for
help early with no cues

7

Communicates clearly and
concisely at all times, encourages
input and listens to staff feedback;
consistently uses directed verbal/
non-verbal communication
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APPENDIX 2 — SIMULATOR SESSION CRISIS MANAGEMENT SKILLS
CHECKLIST

ACTION YES (2 points) | With Prompting (1 point) | NO (0 points)

PROBLEM SOLVING

Prompt ABC assessment

Implements concurrent
management approach (4 points)
SITUATIONAL AWARENESS

Avoids fixation error (4 points)

Re-assesses and re-evaluates
situation (4 points)
RESOURCE UTILIZATION

Calls for help when indicated

Delegates and directs
_appropriately
LEADERSHIP

Maintains calm demeanor

Acts decisively and maintains
control of crisis
Maintains global perspective

COMMUNICATION

Communicates clearly and
concisely
Closes the loop and uses names

Listens to team input

TOTAL SCORE (30 points)

Resident #: Scenario #:

Staff #: Date:
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