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Purpose: To examine the validity and reliability of performance assessment of undergraduate students using the anesthesia
simulator as an evaluation tool. 
Methods: After ethics approval and informed consent, 135 final year medical students and 5 elective students participated in
a videotaped simulator scenario with a Link-Med Patient Simulator (CAE-Link Corporation). Scenarios were based on pub-
lished educational objectives of the undergraduate curriculum in anesthesia at the University of Toronto. During the simulator
sessions, faculty followed a script guiding student interaction with the mannequin. Two faculty independently viewed and eval-
uated each videotaped performance with a 25-point criterion-based checklist. Means and standard deviations of simulator-
based marks were determined and compared with clinical and written evaluations received during the rotation. Internal
consistency of the evaluation protocol was determined using inter-item and item-total correlations and correlations of specif-
ic simulator items to existing methods of evaluation. 
Results: Mean reliability estimates for single and average paired assessments were 0.77 and 0.86 respectively. Means of sim-
ulator scores were low and there was minimal correlation between the checklist and clinical marks (r=0.13), checklist and
written marks (r=0.19) and clinical and written marks (r=0.23). Inter-item and item-total correlations varied widely and cor-
relation between simulator items and existing evaluation tools was low. 
Conclusions: Simulator checklist scoring demonstrated acceptable reliability. Low correlation between different methods of
evaluation may reflect reliability problems with the written and clinical marks, or that different aspects are being tested. The per-
formance assessment demonstrated low internal consistency and further work is required.

Objectif : Vérifier la validité et la fiabilité de l’évaluation de la performance des étudiants de médecine à l’aide d’un simulateur
d’anesthésie.
Méthode : Le comité d’éthique et les participants à l’étude ayant donné leur consentement, 135 étudiants de dernière année
en médecine et 5 étudiants choisis ont participé à une simulation vidéo à l’aide du Link-Med Patient Simulator (CAE-Link
Corporation). Les scénarios étaient fondés sur les objectifs pédagogiques du programme d’enseignement en anesthésie de l’u-
niversité de Toronto. Pendant les sessions de simulation, les examinateurs ont utilisé un scénario pour guider les interactions
de l’étudiant avec le mannequin. Deux examinateurs ont visionné et évalué indépendamment la performance enregistrée sur
chacune des cassettes vidéo selon une liste de 25 critères. Les écarts types et moyens des points accordés selon le simulateur
ont été déterminés et comparés avec les évaluations cliniques et écrites reçues pendant la rotation. La conformité interne du
protocole d’évaluation a été définie à l’aide de corrélations des éléments entre eux, et des éléments avec l’ensemble, ainsi que
des corrélations d’éléments spécifiques du simulateur avec des méthodes existantes d’évaluation.
Résultats : Les estimations moyennes de fiabilité pour les évaluations individuelles et appariées moyennes ont été de 0,77 et
0,86 respectivement. Les moyennes des scores au simulateur ont été basses et il n’y a eu qu’une corrélation minimale entre
la liste et les rendements cliniques (r = 0,13), entre la liste et les évaluations écrites (r = 0,19) et entre le rendement clinique
et l’examen écrit (r = 0,23). Les corrélations des éléments entre eux et des éléments avec l’ensemble ont varié fortement
et la corrélation entre les unités du simulateur et les outils d’évaluation existant a été faible.
Conclusion : La cotation selon les critères liés au simulateur a démontré une fiabilité acceptable. Une faible corrélation entre
différentes méthodes d’évaluation peut traduire des problèmes de fiabilité avec les notes obtenues aux examens écrits et cli-
niques, ou le fait que d’autres aspects sont testés. L’évaluation de la performance a démontré une faible conformité interne et
la nécessité d’expérimentation ultérieure.
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SSESSMENT of medical competence has
been a focus for discussion by many educa-
tors over the years.1–3Licensing bodies have
expressed dissatisfaction with traditional

methods of clinical evaluation.4 This, in turn, has
caused concern among clinicians initiating an impetus
for change. Performance in the anesthesia clerkship is
evaluated by methods that have not been subjected to
rigorous tests of reliability or validity.

To improve reliability of assessments, other special-
ties have introduced standardized patients in the
undergraduate curriculum by means of Objective
Structured Clinical Examinations (OSCE).5,6 Due to
the nature of the practice of anesthesia, standardized
patients have limitations as assessment techniques but
simulation technology offers exciting opportunities
for exploration of standardized evaluation methods.7

The use of ‘bench model simulations’ has been intro-
duced in the surgical training program at the
University of Toronto to test technical skills.8 Other
‘simulation’ technologies have been used to teach and
evaluate performance of different skills.9–11

The Anesthesia Simulation System provides a real-
istic operating room experience that offers opportuni-
ties for working through a situation structured to
challenge a student at the expected level of compe-
tence. The sessions can be easily videotaped which
allows the provision of constructive feedback to both
students and faculty instructors.

The safety of the patient is at all times the primary
concern. Students cannot be allowed to manage situ-
ations in an operating room that may impact on out-
come. Therefore, student assessment of certain
competencies in the operating room situation
becomes problematic. Advances in technology have
allowed opportunities to expand medical education
outside the realm of ‘live patients’.1 2One of these new
technologies is the Anesthesia Simulator which has the
potential to offer a controlled environment where
clerks’ skills can be assessed. However, rigorous assess-
ment of any new technique, particularly if it involves
evaluation, must be performed.

There is very little in the literature addressing the
evaluation of medical undergraduates in the simulator
environment. In a study by Devitt et al., clerks, resi-
dents and practicing anesthesiologists were evaluated
in a simulation setting.1 3 Scenarios, however, were
developed for the most expert group. There was little
correlation between the clerks’ simulator evaluation
and their standard clinical assessment or between the
clerks’ simulator evaluation and the written examina-
tion. It was the authors’ opinion that appropriate pre-
defined educational objectives should guide the

evaluation process. Third year medical students’ per-
formances were observed in a simulated environment
in a pilot study by Tome et al.1 4 These students had
been given a six-hour supplemental virtual problem-
based learning curriculum prior to testing in the sim-
ulator. The authors stated that further study was
required to determine the validity and reliability of a
simulator evaluation process. 

This study was designed to improve the undergrad-
uate evaluation process and to address issues regarding
the reliability and validity of a simulator-based perfor-
mance assessment.

Methods
After ethics board approval, all final year medical stu-
dents (n=177) at the University of Toronto were invit-
ed to participate in this study during their anesthesia
rotation. Information regarding the project was pro-
vided and written consent was obtained from partici-
pants. Eighteen groups of students attended the
Simulation Centre on the eighth day of their 10-day
rotation in anesthesia. Each student, therefore, had
seven days of operating room experience before the
simulator session.

On the day of the simulation session, students
viewed a 10-min video orientation addressing the pur-
pose of the study, the capabilities of the simulator man-
nequin and an orientation to the simulator ‘operating
room’, equipment and drugs. Students received an out-
line of a patient scenario, complete with history, physi-
cal examination and laboratory findings and the
planned procedure. (Figure) The attending faculty
answered questions related to the scenario. During the
sessions, medical students worked through a 15-min
case scenario requiring them to achieve multiple skill
and knowledge objectives. Attending faculty guided the
session with a script including specific questions related
to the scenario. Students were informed that they
should ‘manage’ the case to the best of their ability and
that the faculty supervisor would be a limited resource.
Faculty assisted by administration of appropriate induc-
tion agents once the student had identified the preop-
erative considerations, checked for the appropriate
drugs and airway equipment and verbalized a manage-
ment plan. The supervisor responded to student
requests as if he/she were a circulating nurse i.e., pro-
curement of equipment or personnel. A written proto-
col outlining the dialogue that faculty was to follow
with each student was presented during a workshop and
employed during the student sessions. Faculty were
allowed to provide ‘prompts’ to the student according
to a fixed format thereby standardizing the faculty-stu-
dent interaction. These ‘prompts’ were limited; they
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did not direct the students’ management nor did they
correct mistakes. 

All sessions were videotaped for subsequent analy-
sis. After the sessions, students received feedback from
the faculty supervisor and were asked to complete a
survey evaluating the simulator session. 

Ten faculty (who were not involved as faculty in the
simulator with the students), attended an instructional
workshop and subsequently viewed the videotapes of
student performances. Faculty were randomly assigned
to ‘marking pairs’ but all evaluations were done inde-
pendently of each other. Each faculty pair, therefore,
evaluated three or four groups of 8-10 students over
the course of the academic year. Evaluators had no or
limited interaction with the students before assessing
their video performance.

Case design
At the University of Toronto, the anesthesia rotation
is scheduled in two-week blocks during a six-week
rotation. A total of six scenarios were developed. This
number was deemed necessary in order to optimize
confidentiality of case content between groups of stu-
dents. These cases were rotated based on a predeter-
mined sequence. All students working in the simulator
on any given day received the same scenario. Each case
was based on the published curriculum objectives.
The learning objectives of the six case scenarios are
outlined in Table I. A printed handout information
sheet containing the pertinent history, physical exam-
ination and laboratory findings was developed for
each case. Students were expected to perform com-
mon tasks such as bag and mask ventilation, laryn-
goscopy and tracheal intubation, and to make medical
judgments based on information available to them.
Events specific to each scenario were entered into the
computer controlling the anesthesia mannequin.

Performance evaluation protocols
Each student’s performance was evaluated using a 25-
point criterion based checklist. All six scenarios were eval-
uated under four headings: 1) Preoperative
Considerations, 2) Preparation, 3) Induction of
Anesthesia, 4) Intraoperative Problems. A sample of a per-
formance protocol for one scenario is illustrated in Table
II. All scenarios had the same headings with identical total
scores for each category. Protocols were developed based
on the curriculum expectations i.e., students are expected
to be able to list the important preoperative considerations
of the morbidly obese patient presenting for anesthesia
and surgery or students are expected to know how to
mask ventilate the lungs of an unconscious patient. 

Statistical analysis
Statistical analysis was performed using SPSS 10.0.1
for Windows 95 (SPSS Inc., Chicago, Illinois).

Reliability
To assess reliability, intraclass correlation coefficients
were calculated for ‘single’ and ‘mean two-rater’ stu-
dent ratings by each of the rater pairs, using a two-way
random effects model.15.16 The Spearman-Brown for-
mula was used to estimate the number of raters
required to achieve a reliability of 0.90.1 7

Reliability is an expression of the extent to which a
measurement reproducibly determines its target quan-
tity. The intraclass correlation coefficient (ICC) or
reliability coefficient is the ratio of variance between
subjects to the total variance, with a value of 1 imply-
ing no measurement error. A ‘mean two-rater’ ICC
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FIGURE Clerkship Simulation Study Scenario 1

Patient Mr. M. B.

History:
24-yr-old previously healthy man presents to the
emergency department complaining of increasing
abdominal pain, now most severe in the right lower
quadrant. He has had mild abdominal pain for two
days with exacerbation this morning. He feels gener-
ally unwell. He ate lunch about three hours ago and
has been feeling nauseated since that time but has not
vomited. He has no other associated symptoms. He
has no other medical illnesses, takes no medications
and has no allergies. There is no personal or family
history of problems with general anesthetics. He has
all his own teeth with no caps, dentures, loose teeth
or bridge work.

Physical Examination:
T: 38.4°C BP: 120/80 mmHg
HR: 105 bpm RR: 20 bpm
Airway: Normal
Respiratory System: Normal
CVS: Heart sounds normal

No murmurs
Lab:
Hb 134 
WBC 16.7
Electrolytes Normal

Provisional Diagnosis: Acute appendicitis
Plan: Emergency laparotomy for appendectomy



estimates the reliability of measurement when a stu-
dent’s score is reported as the mean of two raters’
independent assessments. A ‘single rater’ ICC esti-
mates the reliability of measurement if only one rater
was used to determine a student’s final score. 

Content validity
In order to ensure that the evaluation process mea-
sured behaviors stated in the published learning objec-
tives, undergraduate education committee members
determined the coupling of objectives and perfor-
mance tasks.

Convergent validity
Clinical evaluations of medical students during their
anesthesia rotation are the mean of the numerical sum-
mation of 7-10 daily evaluation cards of six university-
designated competencies: preoperative assessment,
technical skills, application of knowledge and judge-
ment, interpersonal skills, reliability and independent
learning (scale 1-5, 1=unsatisfactory, 5=excellent).

Faculty members work in a 1:1 situation with the med-
ical students in the operating room and their daily
assessments are based on the interaction occurring
between student and faculty during the day. Students
usually work with different faculty each day, but may be
assigned to the same faculty more than once during the
two-week rotation.

The written examination comprises 10 short answer
questions (based on the learning objectives of the rota-
tion) with a possible total score of 100. Each examina-
tion included at least two questions pertaining to the
simulator scenario content. Pearson correlation coeffi-
cients were determined for students’ scores on their
clinical, written, and (average) simulator assessments
(n=135).

Internal consistency
IT E M ANALYSIS

Item-total correlation coefficients were determined
for each of the four items or scores in each of the six
scenarios.
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TABLE I Learning Objectives of Case Scenarios

Scenario # Objective #1 Objective #2 Objective #3 Objective #4

1 Preoperative Rapid Recognition, & Recognition of
assessment and sequence management of bronchial
management of induction post-laryngoscopy intubation
aspiration risk hypertension &

tachycardia

2 Preoperative Rapid Recognition & Recognition &
assessment of sequence management of management of
intravascular induction bronchial post-induction
volume, intubation hypotension
administration of
blood

3 Preoperative Induction of Intubation & Recognition and
considerations for anesthesia and recognition of management of
the morbidly obese tracheal postintubation bronchospasm
patient intubation hypoxemia

4 Preoperative Fluid Rapid sequence Recognition and
considerations for resuscitation of induction management of
emergency surgery hypovolemic hypotension after 

patient induction

5 Preoperative Induction of Determinants of Recognition and
considerations for anesthesia and adequate ventilation management of
smoker tracheal anaphylactic

intubation reaction

6 Advantages of Induction of Recognition and Recognition and
regional vs general anesthesia and management of management of
anesthesia tracheal hypotension and ventricular

intubation myocardial tachycardia
ischemia



Case analysis
Inter-item alpha (internal consistency) coefficients
were determined for all six case scenarios. The mean
simulator marks obtained in the preoperative consid-
erations (knowledge) were correlated to written exam-
ination marks. Mean scores were compared between
the clinical and simulator evaluations in two compe-
tencies: technical skills (induction of anesthesia) and
judgement (intraoperative problem). Correlation
between items and existing evaluation tools was calcu-
lated using a Pearson product moment correlation.
Descriptive statistics of scenarios were calculated using
means and standard deviations. 

Results
Of the original student population of 177, 42 students
did not participate in the study. Of these 42 students, 22

opted not to attend the simulator session. Six students
were absent due to interviews for postgraduate training
and eight did not arrive because of a weather-related
public transit shutdown. Evaluations of five students
were not performed due to an audio failure related to
microphone malfunction. One student was not present
due to not having completed the requirements of the
previous year’s curriculum. This left a total of 135 stu-
dents. Data from five elective students from other uni-
versities were included in the reliability results(n=140).
Five pairs of faculty analyzed students’ video perfor-
mances. Each of these faculty pairs was assigned a group
of between 25 and 34 students. (Table III).

Inter-rater reliability estimates (via intraclass corre-
lation coefficients) for single and mean two-rater
checklist scores are shown in Table III. Data from
each of the rater pairs was used to generate an estimate
of reliability for that data set. The mean reliability
across rater pairs is the numerical average of these reli-
ability estimates. For a single rater, the mean reliabili-
ty across rater pairs was 0.77 (range 0.58-0.93). For
average two-rater assessments, the mean reliability
across rater pairs was 0.86 (range 0.74-0.96). To
achieve a reliability of 0.9, an estimated 2.68 raters
would be required.

Pearson correlation coefficients for mean checklist
simulator scores and the clinical and written evaluations
(n=135) were: simulator:written, r=0.19* simulator:clin-
ical, r=0.13 and clinical:written, r= 0.23* (*denotes sta-
tistically significant correlation, P < 0.05).

Inter-item correlations, means and standard devia-
tions for the six case scenarios are summarized in Table
IV. Correlation between items and existing evaluation
tools was low: knowledge (simulator:written examina-
tion), r=0.09, technical skills (simulator:clinical), r=0.10
and judgement (simulator:clinical), r= 0.12. In terms of
differences between groups on the overall case score,
there was an effect of group (i.e., which scenario they
encountered) although this accounted for only 8% of
the variance in total case score. 

Corrected item-total correlation coefficients were
computed for each of the four items within each case
or scenario. ( Table V). While a number of items
demonstrated coefficients within the commonly
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TABLE II Performance Evaluation Protocol (Scenario 1)
(Emergency surgery, full stomach)

Category Evaluation Criteria

Preoperative Credit student if the following points are stated 
considerations upon direct questioning (1 mark each): Total: 5

a) Patient at risk for aspiration, b) 2 reasons 
why pt is aspiration risk, c) should perform 
rapid sequence induction (RSI), d) describes 
RSI, e) one risk of RSI

Preparation Credit student if the following equipment is 
checked (1 mark each): Total: 6
Suction, source of oxygen, circuit available, 
laryngoscope, endotracheal tube and stylet

Induction Credit student if the following items are done 
(1 mark each): Total 8
a) assistant told to be ready for cricoid pressure, 
b) preoxygenation for at least 30 sec, c) faculty 
told to give drugs in rapid sequence, d) avoid-
ance of positive pressure ventilation, e) laryn-
goscopy, f) trachea intubated on first attempt, 
g) chest auscultation, h) presence of CO2
checked 

Intraoperative For credit student should react/perform the fol-
lowing (1 mark each): Total Problems 6
a) verbally note tachycardia/hypertension in 
timely fashion, b) state laryngoscopy likely 
cause, c) increase depth of anesthesia in some 
manner, d) verbally note desaturation, e) auscul-
tate lungs, f) recognize and correct bronchial 
intubation 

TABLE III Estimated reliability (and 95% confidence intervals) via intraclass correlation coefficients, for single and paired (average) rat-
ings on simulator checklist scores. (n=140)

Reliability examiner examiner examiner examiner examiner
pair 1 pair 2 pair 3 pair 4 pair 5

n 26 26 34 25 29
single rating .73 (.48-.87) .58 (.26-.79) .93 (.86-.96) .84 (.66-.92) .77 (.57-.89)
average rating .84 (.65-.93) .74 (.41-.88) .96 (.92-.98) .91 (.80-.96) .87 (.73-.94)



acceptable range, a large number of items displayed
fairly low correlations.

Discussion
The anesthesia simulator offers a useful environment
for standardized testing of students or faculty.7 It is
crucial that any innovative method of evaluating med-
ical students be rigorously examined. The high cost of
both the operation of a simulation centre and the
labour-intensive nature of the endeavour compels
careful consideration of the reliability and validity of
these evaluation methods.18,19

Our study demonstrated acceptable inter-rater relia-
bility using faculty pairs to determine scores on medical
students’ videotaped performances. These results were
similar to those reported in a pilot study with a differ-
ent cohort of students (n=24) undertaken the year prior
to this study.2 0Inter-rater reliability in this pilot project
was 0.87, P < 0.05. Devitt et al. also reported high
inter-rater reliability when performance of practising
anesthesiologists was studied, (r=0.96, P < 0.001.2 1

In the current study, examination of each faculty
pair’s results revealed a range of reliability, with one pair
(#2) being distinctly lower than other pairs. After the
involved faculty members were interviewed, it was evi-
dent that one faculty member had been interrupted and
distracted throughout much of the video viewing and
did not give careful attention to the evaluation. This

experience highlights the importance of carefully
addressing the commitment of evaluators to focus their
full attention to the task at hand. If videotaped simula-
tor evaluations are to be used as a part of a student’s
final grade, this issue becomes particularly important.

The decision as to what constitutes adequate relia-
bility for student evaluation is somewhat arbitrary,
although some authors have recommended requiring
values of approximately 0.9 for tests used to make
decisions about individuals.2 2 To use video assess-
ments in educational practice, it would be reasonable
to assess new faculty raters’ reliability on a pilot series
of videotapes, paired against an existing faculty rater. 

The question regarding reliability estimates being
based on single ratings or average ratings depends on
the intended use of the test.2 3Given that our averaged
scores from rating pairs achieved estimated reliabilities
of approximately 0.9 despite imperfect examiner per-
formance as described above, we feel that two trained
raters would likely compose an adequate sample to
provide acceptable reliability in simulator checklist
assessment.

Correlations between the simulator checklist marks
and clinical and written evaluations were low. These
results may have multiple causes. One likely explana-
tion is that the criteria for assessment of simulator per-
formance are different from that used in the daily
operating room assessment, or on the written exami-
nation. Performance in the simulator involves integra-
tion of clinical skills, judgment and applied
knowledge. Ideally, these tasks would also be evaluat-
ed in the operating room but, in reality, patient safety
issues and medico-legal considerations do not always
allow for such experiences. Certainly, if a patient’s
condition were deteriorating for some reason, faculty
would not allow students the time or latitude to
assess, problem-solve, and independently manage the
situation. Another possible cause is that daily evalua-
tions are often determined by a student’s ability to
answer factual knowledge questions rather than evalu-
ation of the full range of clinical performance. This
fact may well account for the lack of correlation
between the clinical and simulator evaluation.
Similarly, the written examination is based on core
knowledge and does not involve skills or hands-on
medical management problems. 

Validity is an important aspect in the development of
any evaluation process. The validation process deter-
mines the degree of confidence we can place on infer-
ences made about people based on their scores from
that evaluation.24 In this study, internal consistency of
the simulator evaluations and correlations with existing
methods of evaluation was used to address validity.
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TABLE IV Inter-item correlations, means and standard devia-
tions of six scenarios

Scenario # Inter-item Mean SD n
alpha (Score 0-25)

1 0.74 12.71 5.01 56
2 0.43 15.69 3.75 52
3 0.24 15.4 2.75 48
4 0.34 14.07 3.35 42
5 0.01 13.52 2.58 36
6 0.5 14.3 3.74 46
Total 14.3 3.84 280

TABLE V Item-total Correlation Coefficients for Four Items in
Each of Six Scenarios

Item Total Correlation Coefficients
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Preoperative 0.537 0.128 0.034 -0.112 -0.267 -0.08
Considerations
Preparation 0.575 0.079 -0.04 0.039 -0.08 0.393
Induction of 0.5 0.367 0.41 0.126 0.143 0.452
Anesthesia
Intraoperative 0.631 0.381 0 0.215 0.327 0.074
Problems



Inter-item correlations reflect the degree of association
between the different components of a measurement.
Our results demonstrated a wide variation in inter-item
correlations. This is not surprising since, in some cases,
one item or objective had no relationship with the oth-
ers and therefore the scores on the items would not
necessarily be similar (i.e., Scenario 5, objectives 1 and
4). In other cases (i.e., Scenario 1, objectives 1 and 2)
the objectives were closely associated.

Item-total correlations indicate the degree to which
an item contributes to the overall score. If the correla-
tion is low, then the item should be considered for pos-
sible elimination on the basis that it may be measuring
something other than the construct of interest. While
the item total correlation coefficients and internal con-
sistency coefficients may be low, this is not entirely sur-
prising given that each of the four scores or ‘items’ are
purporting to measure different components, namely
Preoperative Considerations, Preparation, Induction of
Anesthesia and Intraoperative Problems. 

Means of simulator test scores were low. A number
of reasons may account for these findings. The simula-
tor experience was foreign to all of the students as was
some of the equipment. Despite the orientation ses-
sion, the lack of familiarity with the environment, may
have negatively affected performance. As well, the
knowledge that their performance was being video-
taped and was being assessed by faculty members, may
have caused some anxiety. Perhaps an even more
important factor in the finding of low scores may be
that we were expecting a multimodal performance.
Students had to formulate an anesthetic plan based on
knowledge of a patient case, then were required to per-
form the induction of anesthesia, facilitated by faculty
and manage intraoperative problems. Although all of
the cases and events were knowledge/clinical objec-
tives of the undergraduate curriculum, few students
would have encountered many of the problems in the
operating room. Even if a similar situation had been
clinically experienced, it would be unlikely that the stu-
dent would have been allowed to manage the real life
situation. This fact attests to the strengths of the simu-
lator as a learning experience but may require more
careful consideration when used as an evaluation tool. 

The correlations of simulator specific objectives
with existing methods of evaluation were also low.
The low correlation of the knowledge component of
the simulator assessment and the written examination
was surprising. Students’ final written examination
was held at the end of the six-week block and it is pos-
sible that, at the time of the simulator performance
assessment, they had not yet studied the material and
therefore performed poorly. It is also possible that

some students had discussed similar cases with faculty
during their rotation and therefore performed well. 

Correlations between specific simulator and clinical
items, (skills and judgement) were also low. The rea-
son for this finding may be related to problems with
the simulator assessment or problems with the clinical
evaluations. It is well recognized that clinical ratings
may be very subjective and somewhat arbitrary.2 1

Another cause for the differences may include the type
of skills that were tested in each domain. Intravenous
skills were not assessed in the simulator but were
assessed in the clinical ratings. Tracheal intubation and
mask ventilation was assessed in both environments,
but this skill can be fairly difficult to perform in the
simulator due to the inherent stiffness of the man-
nequin and lack of lubrication of the upper airway. 

With respect to the assessment of judgement, fac-
ulty members are asked to rate students in the operat-
ing room using categories of unsatisfactory to
excellent. Descriptors accompany these categories.
Satisfactory is described as: common basic problems
understood, and excellent as: applies advanced knowl-
edge. It is likely that assessment of the judgment cat-
egory on the clinical evaluation is based on dialogue
that has occurred between faculty and student rather
than the student having demonstrated judgement dur-
ing the management of the case. Most students are
assigned to procedures that involve healthy patients so
that the student can perform hands-on skills and be
able to discuss the case or other anesthesia curriculum
objectives with the attending faculty. Therefore, most
students wouldn’t actually see any or many intraoper-
ative problems. In the simulator, however, likely for
the first time in many cases, students are faced with
critical events and are expected to respond. This
unique experience may be reflected in a relatively low
score as compared to the clinical ratings.

A limitation of our study was the evaluation of stu-
dent performance in only one scenario. It was impos-
sible, therefore, to determine whether difficulty in
case content accounted for differences in performance
evaluations. We chose to have students participate in
one scenario only for two reasons. The first was for
purposes of case confidentiality. The second reason
was based on the feasibility of having 177 medical stu-
dents spend 90 min each, managing six cases. In a
two-week rotation, this task would have been
extremely onerous. It is however, important to appre-
ciate differences in case difficulty and to be able to
take this into account in any assessment method. 

Unfortunately, there is no gold standard of under-
graduate evaluation in anesthesia. This fact limits the
comparison of simulator-based evaluations to existing
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evaluation methods to determine validity. Although
the written anesthesia examination at the University of
Toronto has demonstrated excellent inter-rater relia-
bility, the internal consistency of the examination is
unknown.2 5 Inter-rater reliability of the clinical assess-
ments is unknown. Therefore, it is impossible to know
what evaluation method is invalid when comparing
the simulator assessments to existing evaluation meth-
ods. Nonetheless, our expectation of the student to
initiate, manage and complete an anesthesia case may
have been overzealous.

The simulator performance assessment methodolo-
gy in this study demonstrated low internal consistency
and requires further study before implementation. It
may be necessary to limit the assessment process to
the management of discrete events or testing on a par-
ticular skill, rather than attempting to evaluate a
lengthier case scenario. In addition, prior exposure to
the simulator environment is likely to improve student
comfort level with the evaluation process. Once a valid
performance assessment is developed, evaluation of
videotapes of simulator performances by two raters
can be considered a reliable method. Further work is
planned to develop and integrate simulator evalua-
tions into the undergraduate curriculum at the
University of Toronto.
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