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Abstract
Background: Intraoperative decision making requires both knowledge and experience. The script concordance test (SCT), based on cognitive psychology script theory, is a new tool of clinical-reasoning
assessment that may be used to evaluate a candidate’s approach to ill-defined problems encountered in the
operating room.
Methods: To develop and validate an SCT for assessment of intraoperative decision making. One hundred
questions were prepared based on the objectives for residency training of the American Board of Surgery.
These questions were reviewed for face and content validity by 3 board-certified general surgeons. The
SCT was administered to 36 general surgical residents ranging from R1 to R5. The scoring grid was
obtained by giving the test to 10 board-certified general surgeons who completed the test independently.
Aggregate scoring was used. After question optimization, the final test used for statistical analysis was
composed of 62 questions.
Results: The test had excellent reliability (Cronbach ␣, .85). Scores increased with higher levels of
training except for a small decrease in the R5 scores (R1, 52.5 ⫾ 9.9; R2, 62.4 ⫾ 5.1; R3, 68.3 ⫾ 9.2; R4,
75.7 ⫾ 9.6; R5, 68 ⫾ 6.4) There was a significant difference in scores between the junior (R1 ⫹ R2) and
senior (R3 ⫹ R4 ⫹ R5) residents: 56.8 ⫾ 9.5 versus 70.2 ⫾ 8.8 (P ⬍ .0001).
Conclusions: SCT, applied to the assessment of intraoperative clinical judgment, can discriminate successfully between junior and senior residents. Results from an SCT test must be compared with the present
gold standard, the oral examination, to better determine its place as an assessment tool. © 2007 Excerpta
Medica Inc. All rights reserved.
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Clinical medicine is fraught with ill-defined problems that
clinicians solve in a myriad of ways [1]. Experienced practitioners possess elaborate networks of knowledge fitted to
the regular tasks they perform called scripts [2,3]. These
scripts allow the clinician to determine the diagnosis, strategies of investigation, or treatment options. Scripts begin to
appear during medical school and are refined over years of
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clinical experience [4]. Problem solving in the operating
room requires a mixture of knowledge and experience.
Problems are encountered that can force the surgeon to
deviate from his/her preoperative surgical plan and such
decisions under pressure can significantly affect the patient’s outcome. The script concordance approach, which is
based on cognitive psychology script theory [3], may provide a way to build a theory-based tool to assess decisionmaking skills such as those in the intraoperative setting. The
script concordance test (SCT) is a new tool of clinical
reasoning assessment developed by Charlin et al [5] based
on theoretic and empiric findings about clinical reasoning
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[2,4]. Unlike simple multiple-choice questions, the SCT
assesses the reasoning skills of examinees and how they
actively process information to confirm or eliminate hypotheses with a series of qualitative judgments. The purpose of
this study was to develop and validate an SCT as a measure
of intraoperative decision-making skills in a general surgery
residency program.
Methods
Construction of the test
Each SCT item requires a stem and between 2 to 3
questions. Based on Charlin’s work [3], 50 to 60 questions
are needed in an SCT to achieve a reliability coefficient
(Cronbach ␣) of .80. Each item of our SCT examination was
built so that reflection in action would be necessary to
answer it. When preparing the clinical vignette an attempt
was made to keep the clinical scenario authentic but to
require reasoning skills and some experience. A total of 196
questions initially were developed by the authors (S.M. and
B.Z.) (Fig. 1). Each question had an answer key in the form
of a 5-point Likert scale (⫺2, ⫺1, 0, ⫹1, ⫹2).
Face and content validity
The initial 196-question examination was assessed by 3
staff general surgeons for face validity (whether the question actually addressed a realistic intraoperative dilemma
and whether it tested decision-making skills) and content
validity (whether the examination addressed the objectives
of training of both the Royal College of Surgeons of Canada
and the American Board of Surgery). This process allowed
us to retain the best 100 questions for the test administered
to residents.
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Scoring
One of the unique features of the SCT is the scoring
process. This scoring system takes into account the range of
potential answers and allows for the variability in clinical
reasoning that experts show when confronted with complex
questions. There is no right or wrong answer, every choice
selected by an expert receives credit. A multiple-choice
examination assesses knowledge, there is a clear-cut right
answer, and no variability. The oral examination is the gold
standard for assessing clinical reasoning and yet it is more
subjective in its scoring than the SCT. The key features of
the SCT— challenging authentic clinical situations, incomplete clinical data, and multiple possible correct answers—
are what distinguish it from multiple-choice questions and
oral examinations. If only one answer is chosen by the
experts then the question behaves more like a multiple
choice question and likely is too straightforward, whereas if
every item of the Likert scale is chosen then the question
likely is too vague or confusing and should be discarded. To
develop the scoring system the examination was administered to 10 McGill attending staff general surgeons, all of
whom were within 5 years of completing their residency.
Scores for each question were computed from the frequencies given to each point of the Likert-type scale. Credits for
each answer were transformed proportionally to get a maximum score of 1 for modal experts’ choice(s) on each item;
other experts’ choices received partial credit. Answers not
chosen by experts received zero credit. For example if on a
question 8 experts out of 10 had chosen ⫹1, a resident
choosing ⫹1 would get 1 point (8/8). If 2 experts had
chosen ⫹2, then a resident choosing ⫹2 would receive .25
points (2/8). Choices ⫺1, ⫺2, and 0 would receive 0 points.
The total score for the test was the sum of credits on all
items.
Participants
The 2 authors of the examination, the 3 content and face
validity reviewers, and the 10 experts were all different
individuals. The examination was administered to 36 of the
40 general surgical residents in the McGill program (4 of
the residents missed the examination as a result of vacation
or out-of-town electives). There was no time limit given.
The panel of experts had the following requirements: (1)
they had to be general surgeons and not subspecialists, and
(2) they had to be within 5 years of graduation.

Fig. 1. An example of an SCT question.

Statistical analysis
By using a 1-way analysis of variance, a total sample of
33 residents would be needed to achieve an 83% power to
detect differences among the means versus the alternative of
equal means using an F-test with a .05000 significance
level. Reliability was estimated with the Cronbach ␣ coefficient. Optimization of the test was performed by calculating the corrected item–total item correlation for each item
and then eliminating in a stepwise manner items with item–
total item correlation of less than .10. The process of optimization was stopped when no more items showed correlation of less than .10. This process ensures maximal
internal consistency of the final scale (Cronbach ␣). Construct validity (expressed as higher concordance scores with
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Table 1
Examination scores (62-item test) by resident level
Resident level

n

Mean score, %

SD, %

R1
R2
R3
R4
R5

8
6
9
6
7

52.5
62.5
68.3
75.7
68.0

9.96
5.12
9.19
9.61
6.44

higher levels of training) was tested with a 1-way analysis
of variance with post hoc comparisons tests and planned
contrasts. All P values at an ␣ of less than 5% were considered significant.
Results
Examination scores
The 100-question examination was completed by all the
residents within 1.5 hours. Nine residents did not answer all
the questions (likely because the questions were too difficult
and novel). The Cronbach ␣ of the 100-question examination was .70. However, optimization of the examination by
elimination of questions that had a correlation to the total
score of less than .10 resulted in the retention of the best 62
questions with a Cronbach ␣ of .85. Scores on the optimized
examination are shown in Table 1.
Comparison of groups using the optimized 62-question
test revealed a statistically significant difference between
the scores of R1s and those of R3s, R4s, and R5s, respectively (Table 1). When comparing junior residents with
senior residents, a statistically significant difference was
noted. Junior residents (R1 ⫹ R2) had a combined score of
56.8% (SD, 9.45) versus 70.24% (SD, 8.83) for the senior
residents (R3 ⫹ R4 ⫹ R5). This difference proved to be
statistically significant (P ⬍ .0001).
Comments
The assessment of clinical reasoning is challenging
partly because we are unsure of its exact development and
refinement. One hypothesis of how clinicians develop decision-making skills is based on cognitive psychology script
theory [3]. An assessment tool based on script theory, the
SCT, may represent a novel and effective means of clinicalreasoning assessment. The script concordance approach has
3 fundamental principles [6]: (1) examinees are faced with
a challenging authentic clinical situation in which several
options are possible, (2) responses are given according to a
Likert scale that reflects script clinical reasoning theory, and
(3) scoring is based on the aggregate scoring method to take
into account the variability of the clinical-reasoning process
among experts.
The aggregate scoring method [7,8] is a key component
of the SCT because it integrates the variability that experts
show when confronted with ill-defined clinical problems
into the scoring process.
In this study, a bank of 196 questions covering the field
of general surgery were developed. This was an arduous
task and took about 6 months. Educators are not familiar
with the format of SCT questions and tend to make ques-

tions either too easy (multiple-choice type) or too difficult
(answers are too spread out). Candidates also are not familiar with the format and thus find the examination too difficult at first. But, as noted here, with increasing exposure the
format of the SCT became more understandable and even
fun. The other stumbling block we encountered was finding
10 board-certified general surgeons who were not overly
subspecialized and therefore could be used as our reference
panel. To avoid this potential pitfall, we created a reference
panel of surgeons who were within 5 years of graduation
and therefore showed temporal proximity to their Board
examinations and surgeons who had a true general surgical
practice. The other option would have been to give topicspecific parts of the examination to content experts (ie,
colorectal questions to colorectal surgeons). We opted against
this because we believed that our approach was more akin to
the present gold standard for clinical-reasoning assessment,
the oral examination, in which examiners ask questions in
areas outside their domain of clinical expertise.
The SCT developed in this study showed excellent internal reliability as shown by the high Cronbach ␣ scores. In
addition, test scores increased from R1s to R5s, with a small
decrease in the scores of R5s. Junior residents (R1 ⫹ R2)
had significantly lower scores than senior residents (R3 ⫹
R4 ⫹ R5). At present, we cannot show that senior residents
have significantly greater intraoperative decision-making skills
because we cannot measure this objectively. In-training
evaluations are woefully subjective. But, clearly, decisionmaking skills should improve with increasing experience.
Thus, the score on the SCT should increase with resident
year (otherwise surgical residencies would only be 2–3
years in duration). In Canada, the R1 and R2 years are
considered core surgery training and R3, R4, and R5 are
considered senior specialty training years. All R1s and R2s
are officially in the core surgery program regardless of their
subspecialty residency program. Thus, the division at the
R2/R3 level is based on objective criteria. Other studies also
have shown the predictive validity of the SCT. Brailovsky et
al [9] looked at whether scores obtained on the SCT taken
at the end of the clerkship predicted performances on tests
of clinical reasoning (short-answer management problems
and simulated office orals). In a group of 24 students the
SCT was highly correlated with the short-answer management problems and simulated office orals but not with an
objective structured clinical examination, which assessed
hands-on skills rather than clinical reasoning. The SCT also
showed construct validity with scores increasing with clinical experience in a study of urology residents in a French
and a Canadian University [10]. Interestingly, this study
showed that candidates’ scores depended on the cohort of
experts used to derive the answer key, with higher scores
obtained if experts were used from the same country. Similarly, one hypothesis for the decrease in R5 scores noted in
our study could be that the intense studying these final-year
residents had undertaken in preparation for their examinations actually may have increased their knowledge level
relative to that of our expert panel. This hypothesis will be
tested by rescoring the examination with an answer key
derived by content experts (subspecialists) because it could
be that the knowledge of final-year residents may approximate this cohort more closely.
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This study shows that an SCT can be developed with
face, content, and construct validity. Such a test may be
used both as a formative and summative tool in the assessment of intraoperative decision-making skills during a general surgery residency.
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