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ABSTRACT
Objectives Script concordance tests (SCTs) can be
used to assess clinical reasoning, especially in situations
of uncertainty, by comparing the responses of examinees
with those of emergency physicians. The examinee’s
answers are scored based on the level of agreement
with responses provided by a panel of experts.
Emergency physicians are frequently uncertain in the
interpretation of ECGs. Thus, the aim of this study was
to validate an SCT combined with an ECG.
Methods An SCT-ECG was developed. The test was
administered to medical students, residents and
emergency physicians. Scoring was based on data from a
panel of 12 emergency physicians. The statistical
analyses assessed the internal reliability of the SCT
(Cronbach’s α) and its ability to discriminate between
the different groups (ANOVA followed by Tukey’s post
hoc test).
Results The SCT-ECG was administered to 21 medical
students, 19 residents and 12 emergency physicians. The
internal reliability was satisfactory (Cronbach’s α=0.80).
Statistically signiﬁcant differences were found between
the groups (F0.271=21.07; p<0.0001). Moreover,
signiﬁcant differences ( post hoc test) were detected
between students and residents ( p<0.001), students and
experts ( p<0.001), and residents and experts
( p=0.017).
Conclusions This SCT-ECG is a valid tool to assess
clinical reasoning in a context of uncertainty due to its
high internal reliability and its ability to discriminate
between different levels of expertise.

INTRODUCTION
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Disparity between the clinical reasoning abilities of
novice versus expert clinicians, and the high level
of uncertainty experienced during practice of emergency medicine have been the subjects of research
for many years.1 A recent study showed that the
training of future emergency physicians remains
challenging.2
Script concordance tests (SCTs) are tools for
evaluating clinical reasoning in the context of
uncertainty. They are well validated and have been
widely described in the literature for use in education, as well as in emergency medicine.2–5 SCTs
assess mental processes occuring during clinical reasoning by comparing the responses of examinees
with those of expert physicians.3 The examinee’s
answers are scored based on the level of agreement
with the panel of experts,3 and these scores are
used to measure the patient care skills of healthcare
providers in uncertain situations.6 SCTs are based
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on script theories from cognitive psychology and
are useful for assessing reasoning skills in medicine.
Moreover, SCTs can be used in ambiguous or
uncertain situations, and are therefore valuable for
measuring real-life scenarios that are not adequately
evaluated with current tests.7 Thus, these tests
uniquely provide a method for assessing the clinical
reasoning ability of students during situations that
mimic reality and involve a high degree of
uncertainty.2 3 6 7
The interpretation of an ECG, which is a commonly performed test, includes a level of uncertainty.8
Therefore, the aim of this study was to construct and
validate a new SCT based on ECG data.

MATERIALS AND METHODS
Construction of the SCT
The SCT was constructed according to published
guidelines and was composed of clinical vignettes
based on actual cases, each followed by a series of
three to four questions.3 The vignettes did not
contain all the information needed by the student/
resident to propose an unequivocal diagnosis, treatment or complementary examination. These types
of vignettes mimic real-life emergency situations,
when the physician lacks information. The representative clinical scenarios used in this study were
selected by a group of three emergency physicians
and based on various cases encountered in our
urgent care department and prehospital setting.
In this study, the authors provided an ECG compatible with the clinical situation. An example of an
SCT vignette is shown in ﬁgure 1. This clinical situation is highly representative of our daily prehospital practice. The prehospital team is a part of our
emergency department. This team is composed of
an emergency physician, a nurse, a priority vehicle
and all the material to resuscitate, treat and take
care of a medical or traumatic patient.
The SCT structure differed slightly depending on
the objective of the assessment (diagnosis, treatment or complementary examinations), and for
each vignette, the questions that followed were
ordered by format (eg, some items on diagnosis,
followed by some items on treatment or complementary examinations).3 Each test question consisted of three parts.3 The ﬁrst part concerned a
diagnosis, treatment option or a further examination relevant to the situation and the ECG
described in the vignette (ie, ‘Your initial treatment
is…’). The second part presented new information,
such as a sign or condition, which might inﬂuence
the student’s/resident’s diagnosis, treatment or
313
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Figure 1 Example of a clinical
vignette.

complementary examination (ie, ‘And then you learn that…’).
The third part consisted of a ﬁve-point Likert-type scale
on which the student/resident rated his/her reaction to the
information presented for that item (ie, ‘In relation to this new
circumstance, your initial treatment is…’). It was also clearly
speciﬁed in the instructions that each vignette included three
to four questions that were independent of each other. The goal
of the questions was not to determine the additive effect of a
series of clinical information elements, but to determine the
effect of an isolated element of clinical information on the student’s/resident’s diagnosis, treatment or complementary examination.3 Thus, a 27-case SCT-ECG composed of 64 questions
was developed. In all, 24 questions concerned diagnosis, 21
questions were related to treatment options and 19 were related
to further examinations. There were several levels of difﬁculty
for the questions, which were mixed throughout the test as proposed by Fournier et al.3 In addition, the questions were
reviewed for content validity by two emergency physicians and
a cardiologist.
314

Scoring method
The SCT was scored using an aggregate method described by
Norman and Norcini et al, which takes into account the variability of responses of experienced clinicians to particular clinical situations.9 10 Thus, for the construction of the SCT answer
key, we sought the input of a panel of 12 experienced emergency physicians.3 11 The scoring process was based on the principle that any answer given by this group of physicians reﬂected
the opinion of an expert. Expert and expertise’s deﬁnitions are
still debating.12 So as proposed in a recent publication, we
decided, for this test, that an expert is a graduate emergency
physician with at least a daily expertise in emergency care for
3 years.12 Therefore, when unanimous agreement could not be
reached among the experienced practitioners, it did not mean
that an answer should be discarded.13 In other words, all
answers given by an expert were considered to have an intrinsic
value, even if other experienced physicians did not agree with
them.14 An example of the scoring method is illustrated in
ﬁgure 2, and expert responses are illustrated in ﬁgure 1 (second
Boulouffe C, et al. Emerg Med J 2014;31:313–316. doi:10.1136/emermed-2012-201737
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Figure 2 Scoring methods: aggregate scores. Experts’ responses for
the second question in ﬁgure 1.
question). The credit assigned to a particular answer was
dependent on the number of experienced practitioners who
gave that same response. Based on this, the maximum score for
a given item was 1 point, and answers that did not match any of
the responses of experienced practitioners received no credit. In
this way, some answers were scored a fraction of a point based
on partial agreement with experts. Scores obtained on each
question were summed in order to assign a total test score,
which was then divided by the number of questions and multiplied by 100 to get a percentage score.3
For each item, the credit given to each possible answer
depended on the number of experienced practitioners who gave
that response. The maximum credit for a given item was 1
point. Other responses were assigned a fraction of a point, and
the responses that were not chosen by any of the experienced
practitioners received no credit. Scores obtained on each question were added to obtain a total score for the test. This
number was then divided by the number of questions and multiplied by 100 to get a percentage score.10
A disadvantage of the aggregate method is that examinees
often have difﬁculty interpreting their scores in isolation. The
scoring schemes of tests with single-right-answer formats, such
as multiple choice questionnaires, provide examinees with an
intuitive appreciation of their achievement; for example, a score
of 67 clearly indicates that an examinee has given correct
responses to 67% of the test questions. With the aggregate
scoring method, SCT scores reﬂect concordance with those
obtained by members of a reference panel. Since scoring is
highly dependent of the panel used, for these scores to be meaningful, it is therefore necessary to report the value of the test
panel’s mean and SD.

Material and respondents
The SCT-ECG was administered online to students and residents during their emergency medicine clerkship rotations.
These students were in the 4th–7th-year of their medical formation, and the residents were certiﬁed physicians who had made
their specialisation in internal medicine or emergency medicine.
In contrast, the expert physicians selected for the SCT were fulltime emergency physicians with more than 3 years of experience
following certiﬁcation in the ﬁeld of emergency medicine.
The experienced practitioners answered the SCT-ECG under
the same conditions as students/residents. They were given 2 h
to complete the test, using only their medical knowledge. The
SCT-ECG was created within Adobe Acrobat X Pro and was
sent by email to all respondents. Students and residents took the
test within a hospital computer room during two organised sessions. Experts received the test via mail and were asked to
Boulouffe C, et al. Emerg Med J 2014;31:313–316. doi:10.1136/emermed-2012-201737

Figure 3

Table of the mean and 95% CI of respondents.

respond under the same condition as the students and residents
without any theoretical support. The scoring procedure was
based on the data obtained from a panel of 12 expert emergency physicians. The Excell corrector was used to determine
the scores of all respondents. This program is available as a free
download online (http://www.cpass.umontreal.ca/sct.html).

Statistical analysis
Statistical analyses focused on determining the internal reliability (Alpha Cronbach, Excell corrector) of the SCT-ECG and its
ability to discriminate between the different groups (ANalysis
Of VAriance (ANOVA), followed by Tukey’s post hoc test, SPSS
V.19, IBM).

RESULTS
The SCT-ECG was administered to 21 medical students, 19 residents and 12 experienced emergency physicians. The internal
reliability of the test was satisfactory (Cronbach’s α=0.80). The
mean results were: 59.01% (95% CI 54.71 to 63.13) for
medical students, 69.53% (95% CI 66.15 to 72.91) for residents and 77.88% (95% CI 72.96 to 82.79) for emergency
physicians.
Figure 3 illustrates the descriptive statistics of the interval conﬁdence extracted from SPSS.
The ANOVA test revealed statistically signiﬁcant differences
among the three groups (emergency physicians, students and
residents; F0.271=21.07; p<0.0001). Post hoc analysis indicated
signiﬁcant differences between students and residents
(p<0.001), students and emergency physicians (p<0.001), and
residents and experts ( p=0.017).

DISCUSSION
This SCT-ECG is a valid tool as it presents a high internal reliability and is able to discriminate among the different groups
based on their level of expertise. In medicine, and especially in
emergency medicine, SCTs provide unique data in comparison
with current examination tools such as multiple choice questions (MCQs) or short open-answer questions (SOAPs).15 This
is because SCTs directly assess the degree of agreement between
examinees and experts, while MCQs have often been considered to test facts, and SOAPs test logical thinking, judgment and
application.16 17 Moreover, SCTs, as opposed to MCQs, were
shown to discriminate between novices and experts in terms of
315
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the level of expertise in the ﬁeld of emergency medicine.15
Furthermore, SCTs can assess clinical reasoning in the context
of uncertainty,2 5 which is another advantage of SCTs as compared with other tools (MCQs or SOAPs) that more effectively
assess factual knowledge.16
Finally, in contrast to other assessment tools that use aggregate scoring methods,10 a unique characteristic of SCTs is the
use of expert responses for scoring purposes.3 11 Each expert’s
answer is considered when calculating the student’s score. This
is particularly applicable to emergency scenarios, which are
ambiguous situations with a poor consensus.3 6 Also, SCTs can
differentiate among different levels of expertise.4 11
As reported by Fournier et al (for MCQs and SCTs) and
Palmer et al (for SOAPs, MCQs and objective structured clinical
examination), a better reliability can be obtained though combined use of various assessment tools.15 18 Thus, this SCT-ECG
could be used along with other tools, such as SOAPs and
MCQs, for evaluating students/residents during their emergency
clerkship rotation.
Unlike what has been described in other studies, we found
that the results of the three groups (students, residents and
experts) fell within the same value range.2 19 All assessment
tools require a long period of time for development, and the
examinations and scoring processes can also be timeconsuming.18 Thus, other classic assessment tools, such as
SOAPs, are laborious, and their scores are not always reliable.18
One of the main limitations of SCTs is the time required for
their construction. However, an SCT can be designed using
computer software such as Excell Corrector, which allows the
results to be more easily calculated. Here, another limitation
involved the difﬁculty of recruiting experts since emergency
medicine is a young specialty in our country. Finally, this study
was limited in that it was performed in a single centre. Further
investigation should be conducted in order to compare this
ECG-SCT tool with other formats such as SOAPs, MCQs or
illness scripts.

complement existing tests currently administered to students
and residents throughout Europe.

CONCLUSIONS

15

This SCT-ECG tool assesses clinical reasoning in the context of
uncertainty. The use of SCTs has increased in several medical
specialties; however, they have been relatively poorly used in
emergency medicine, where uncertainty is an important component. In fact, the use of aggregate scoring of an expert panel
closely reﬂects the reality of emergency medical practice. Thus,
this method for evaluating clinical reasoning is valuable for the
formation and assessment of future emergency physicians. We
propose that the SCT-ECG is a valid tool which can
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