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Abstract

Background: Intraoperative decision making requires both knowledge and experience. The script con-
cordance 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 suc-
cessfully 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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linical medicine is fraught with ill-defined problems that
linicians solve in a myriad of ways [1]. Experienced prac-
itioners possess elaborate networks of knowledge fitted to
he regular tasks they perform called scripts [2,3]. These
cripts allow the clinician to determine the diagnosis, strat-
gies of investigation, or treatment options. Scripts begin to
ppear during medical school and are refined over years of
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linical experience [4]. Problem solving in the operating
oom requires a mixture of knowledge and experience.
roblems are encountered that can force the surgeon to
eviate from his/her preoperative surgical plan and such
ecisions under pressure can significantly affect the pa-
ient’s outcome. The script concordance approach, which is
ased on cognitive psychology script theory [3], may pro-
ide a way to build a theory-based tool to assess decision-
aking skills such as those in the intraoperative setting. The

cript concordance test (SCT) is a new tool of clinical
easoning assessment developed by Charlin et al [5] based

n theoretic and empiric findings about clinical reasoning

ed.
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2,4]. Unlike simple multiple-choice questions, the SCT
ssesses the reasoning skills of examinees and how they
ctively process information to confirm or eliminate hypoth-
ses with a series of qualitative judgments. The purpose of
his study was to develop and validate an SCT as a measure
f intraoperative decision-making skills in a general surgery
esidency program.

ethods
onstruction of the test

Each SCT item requires a stem and between 2 to 3
uestions. Based on Charlin’s work [3], 50 to 60 questions
re needed in an SCT to achieve a reliability coefficient
Cronbach �) of .80. Each item of our SCT examination was
uilt so that reflection in action would be necessary to
nswer it. When preparing the clinical vignette an attempt
as made to keep the clinical scenario authentic but to

equire reasoning skills and some experience. A total of 196
uestions initially were developed by the authors (S.M. and
.Z.) (Fig. 1). Each question had an answer key in the form
f a 5-point Likert scale (�2, �1, 0, �1, �2).

ace and content validity
The initial 196-question examination was assessed by 3

taff general surgeons for face validity (whether the ques-
ion actually addressed a realistic intraoperative dilemma
nd whether it tested decision-making skills) and content
alidity (whether the examination addressed the objectives
f training of both the Royal College of Surgeons of Canada
nd the American Board of Surgery). This process allowed
s to retain the best 100 questions for the test administered
o residents.
sFig. 1. An example of an SCT question.
coring
One of the unique features of the SCT is the scoring

rocess. This scoring system takes into account the range of
otential answers and allows for the variability in clinical
easoning that experts show when confronted with complex
uestions. There is no right or wrong answer, every choice
elected by an expert receives credit. A multiple-choice
xamination assesses knowledge, there is a clear-cut right
nswer, and no variability. The oral examination is the gold
tandard for assessing clinical reasoning and yet it is more
ubjective in its scoring than the SCT. The key features of
he SCT—challenging authentic clinical situations, incom-
lete clinical data, and multiple possible correct answers—
re what distinguish it from multiple-choice questions and
ral examinations. If only one answer is chosen by the
xperts then the question behaves more like a multiple
hoice question and likely is too straightforward, whereas if
very item of the Likert scale is chosen then the question
ikely is too vague or confusing and should be discarded. To
evelop the scoring system the examination was adminis-
ered to 10 McGill attending staff general surgeons, all of
hom were within 5 years of completing their residency.
cores for each question were computed from the frequen-
ies given to each point of the Likert-type scale. Credits for
ach answer were transformed proportionally to get a max-
mum score of 1 for modal experts’ choice(s) on each item;
ther experts’ choices received partial credit. Answers not
hosen by experts received zero credit. For example if on a
uestion 8 experts out of 10 had chosen �1, a resident
hoosing �1 would get 1 point (8/8). If 2 experts had
hosen �2, then a resident choosing �2 would receive .25
oints (2/8). Choices �1, �2, and 0 would receive 0 points.
he total score for the test was the sum of credits on all

tems.

articipants
The 2 authors of the examination, the 3 content and face

alidity reviewers, and the 10 experts were all different
ndividuals. The examination was administered to 36 of the
0 general surgical residents in the McGill program (4 of
he residents missed the examination as a result of vacation
r out-of-town electives). There was no time limit given.
he panel of experts had the following requirements: (1)

hey had to be general surgeons and not subspecialists, and
2) they had to be within 5 years of graduation.

tatistical analysis
By using a 1-way analysis of variance, a total sample of

3 residents would be needed to achieve an 83% power to
etect differences among the means versus the alternative of
qual means using an F-test with a .05000 significance
evel. Reliability was estimated with the Cronbach � coef-
cient. Optimization of the test was performed by calculat-

ng the corrected item–total item correlation for each item
nd then eliminating in a stepwise manner items with item–
otal item correlation of less than .10. The process of opti-
ization was stopped when no more items showed corre-

ation of less than .10. This process ensures maximal
nternal consistency of the final scale (Cronbach �). Con-

truct validity (expressed as higher concordance scores with
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igher levels of training) was tested with a 1-way analysis
f variance with post hoc comparisons tests and planned
ontrasts. All P values at an � of less than 5% were con-
idered significant.

esults
xamination scores

The 100-question examination was completed by all the
esidents within 1.5 hours. Nine residents did not answer all
he questions (likely because the questions were too difficult
nd novel). The Cronbach � of the 100-question examina-
ion was .70. However, optimization of the examination by
limination of questions that had a correlation to the total
core of less than .10 resulted in the retention of the best 62
uestions with a Cronbach � of .85. Scores on the optimized
xamination are shown in Table 1.

Comparison of groups using the optimized 62-question
est revealed a statistically significant difference between
he scores of R1s and those of R3s, R4s, and R5s, respec-
ively (Table 1). When comparing junior residents with
enior residents, a statistically significant difference was
oted. Junior residents (R1 � R2) had a combined score of
6.8% (SD, 9.45) versus 70.24% (SD, 8.83) for the senior
esidents (R3 � R4 � R5). This difference proved to be
tatistically significant (P � .0001).

omments
The assessment of clinical reasoning is challenging

artly because we are unsure of its exact development and
efinement. One hypothesis of how clinicians develop deci-
ion-making skills is based on cognitive psychology script
heory [3]. An assessment tool based on script theory, the
CT, may represent a novel and effective means of clinical-
easoning assessment. The script concordance approach has
fundamental principles [6]: (1) examinees are faced with
challenging authentic clinical situation in which several

ptions are possible, (2) responses are given according to a
ikert scale that reflects script clinical reasoning theory, and

3) scoring is based on the aggregate scoring method to take
nto account the variability of the clinical-reasoning process
mong experts.

The aggregate scoring method [7,8] is a key component
f the SCT because it integrates the variability that experts
how when confronted with ill-defined clinical problems
nto the scoring process.

In this study, a bank of 196 questions covering the field
f general surgery were developed. This was an arduous
ask and took about 6 months. Educators are not familiar

able 1
xamination scores (62-item test) by resident level

esident level n Mean score, % SD, %

1 8 52.5 9.96
2 6 62.5 5.12
3 9 68.3 9.19
4 6 75.7 9.61
5 7 68.0 6.44
ith the format of SCT questions and tend to make ques- m
ions either too easy (multiple-choice type) or too difficult
answers are too spread out). Candidates also are not famil-
ar with the format and thus find the examination too diffi-
ult at first. But, as noted here, with increasing exposure the
ormat of the SCT became more understandable and even
un. The other stumbling block we encountered was finding
0 board-certified general surgeons who were not overly
ubspecialized and therefore could be used as our reference
anel. To avoid this potential pitfall, we created a reference
anel of surgeons who were within 5 years of graduation
nd therefore showed temporal proximity to their Board
xaminations and surgeons who had a true general surgical
ractice. The other option would have been to give topic-
pecific parts of the examination to content experts (ie,
olorectal questions to colorectal surgeons). We opted against
his because we believed that our approach was more akin to
he present gold standard for clinical-reasoning assessment,
he oral examination, in which examiners ask questions in
reas outside their domain of clinical expertise.

The SCT developed in this study showed excellent in-
ernal reliability as shown by the high Cronbach � scores. In
ddition, test scores increased from R1s to R5s, with a small
ecrease in the scores of R5s. Junior residents (R1 � R2)
ad significantly lower scores than senior residents (R3 �
4 � R5). At present, we cannot show that senior residents
ave significantly greater intraoperative decision-making skills
ecause we cannot measure this objectively. In-training
valuations are woefully subjective. But, clearly, decision-
aking skills should improve with increasing experience.
hus, the score on the SCT should increase with resident
ear (otherwise surgical residencies would only be 2–3
ears in duration). In Canada, the R1 and R2 years are
onsidered core surgery training and R3, R4, and R5 are
onsidered senior specialty training years. All R1s and R2s
re officially in the core surgery program regardless of their
ubspecialty residency program. Thus, the division at the
2/R3 level is based on objective criteria. Other studies also
ave shown the predictive validity of the SCT. Brailovsky et
l [9] looked at whether scores obtained on the SCT taken
t the end of the clerkship predicted performances on tests
f clinical reasoning (short-answer management problems
nd simulated office orals). In a group of 24 students the
CT was highly correlated with the short-answer manage-
ent problems and simulated office orals but not with an

bjective structured clinical examination, which assessed
ands-on skills rather than clinical reasoning. The SCT also
howed construct validity with scores increasing with clin-
cal experience in a study of urology residents in a French
nd a Canadian University [10]. Interestingly, this study
howed that candidates’ scores depended on the cohort of
xperts used to derive the answer key, with higher scores
btained if experts were used from the same country. Sim-
larly, one hypothesis for the decrease in R5 scores noted in
ur study could be that the intense studying these final-year
esidents had undertaken in preparation for their examina-
ions actually may have increased their knowledge level
elative to that of our expert panel. This hypothesis will be
ested by rescoring the examination with an answer key
erived by content experts (subspecialists) because it could
e that the knowledge of final-year residents may approxi-

ate this cohort more closely.
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This study shows that an SCT can be developed with
ace, content, and construct validity. Such a test may be
sed both as a formative and summative tool in the assess-
ent of intraoperative decision-making skills during a gen-

ral surgery residency.
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