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Real-life, complex problems often require that decisions are made despite limited
information or insufficient time to explore all relevant aspects. Incorporating
authentic uncertainties into an assessment, however, poses problems in
establishing results and analysing their methodological qualities. This study aims
at developing a test on clinical decision-making in veterinary medicine and
establishing its reliability and validity. The test is based on the script concordance
test method and covers a large sample of authentic cases and uncertainties. The
answer key was compiled with reference to the professional judgements and
decisions of a panel of experienced practitioners. From a substantive appraisal of
the cases and items, the analysis of the test results and the responses from the
experienced practitioners, it is concluded that this test validly represents the
problems, decisions and uncertainties of clinical practice. In spite of the hindrances
caused by the uncertainties included in the test, the reliability and validity of the
test and its results could be evaluated and proved to meet measurement criteria.
Keywords: authentic assessment; competence development; decision-making
under uncertainty; script concordance test

1. Introduction
Dealing with ill-defined problems and having to make decisions in uncertain
situations, on the basis of limited information or under time pressure, is a part of
everyday practice for many professionals (Eraut 2004; Jonassen 2004). To determine
whether students are adequately prepared for this, the assessment of their problemsolving and decision-making capacities should include problems and circumstances
which pose similar cognitive challenges.
Although authentic assignments and problems are considered valuable, particularly for the validity of an assessment (e.g. Linn, Baker, and Dunbar 1991), including
real-life, open-ended problems and issues in an assessment, with uncertainties and
possibly several solutions, creates various difficulties in establishing and analysing
results. For example, how are good and poor student performances to be reliably
distinguished when questions and answers contain ambiguities?
This study concerns the design of a test to measure progress in the development of
competence in problem-solving and decision-making in situations of uncertainty and
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evaluation of its measurement properties. The test was developed for a course in
clinical problem-solving in veterinary medicine. Its design is based on the script
concordance test (SCT) format developed by Charlin et al. (1998) to assess problemsolving and decision-making skills in realistic situations.
2. Theoretical foundations
2.1. The nature of clinical problem-solving and decision-making
The SCT format is grounded in theory and empirical research on clinical reasoning,
problem-solving and the organisation of knowledge. How doctors analyse clinical
problems, establish a diagnosis and decide about treatments has been studied since the
late 1950s. Initially, systematically testing hypotheses, until explanations were found,
was considered the essence of the problem-solving process. As some differences and
similarities between experts and novices could not be explained by means of a
superior reasoning process, research changed its focus towards the structure of expert
knowledge (Neufeld et al. 1981).
The illness script theory assumes that experienced clinicians have their knowledge
organised in coherent networks, ‘scripts’, covering numerous aspects of diseases,
meaningful for practice. These scripts emerge through clinical experience and
become, over the years, refined and rich in detail about particular patients, diseases,
associated situations and enabling conditions (Custers, Boshuizen, and Schmidt 1996;
Norman and Schmidt 1992). In this process, the knowledge of underlying biomedical
principles and mechanisms and the causal reasoning at the base of judgements and
decisions become embedded (encapsulated) into clinical concepts, but are still accessible if needed (Rikers, Schmidt, and Moulaert 2005). Comparing new cases with
previous experiences and pattern recognition increasingly dominates the problemsolving process as expertise advances (Norman 2005).
Recognition of the complexity of real-world problems and human limitations in
dealing simultaneously with too many different issues has fuelled research into the way
decisions are made under uncertainty. Based on quantitative models and weighting of
pre- and post-test probabilities, standards have been developed which describe an optimal (expert) approach to a particular clinical problem. Their values as methods for retrospective analysis of the decisions made, including reasoning fallacies and sources of
bias, have been widely recognised (Hunink 2001). Criticism has been made of the limited
applicability of these methods in a real-life clinical setting (Berg 1997; Elstein 2004).
Currently, most researchers agree that clinical problems are highly contextspecific and that transfer from one problem solution to another is limited (Norman
2005). Finding appropriate solutions depends mainly on a knowledge base covering
many different aspects of clinical problems and organised in structures, adjusted to
practice (Elstein and Schwarz 2002). Experienced clinicians may solve their problems
in a variety of ways; even in similar situations, they do not necessarily follow the same
line of thought to achieve similar outcomes (Grant and Marsden 1988; Norman,
Young, and Brooks 2007). Their strategies largely depend on pattern recognition and
previous successful choices. They rarely use conscious reasoning, deduction or
extensive testing (Forde 1998; Norman, Young, and Brooks 2007).
Circumstances which contribute to uncertainty are that decisions sometimes have
to be made under time pressure or on the basis of very limited information. The
reliability of information may be uncertain, results of patient tests may be inconclusive
and a prognosis may not be predicted precisely (Eraut 2004; Forde 1998).
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2.2. Rationale of the SCT format
The SCT format is designed to develop assessments of problem-solving competence
in a way that fits current notions about clinical problem-solving and decision-making.
SCTs supposedly measure correct interpretations of available data (Sibert et al. 2002),
the extent and richness of mental ‘scripts’ (Charlin et al. 2000) and competence in testing hypothesis and decision-making under uncertainty (Charlin and van der Vleuten
2004). The problems that participants are presented with are chosen to match the issues,
circumstances and cognitive challenges of real practice. Consequently, the design of
SCTs fits into views on assessment (and learning) which emphasise the importance of
a high level of authenticity for the validity of the assessment (e.g. Swanson, Norman,
and Linn 1995; van der Vleuten 1996).
To incorporate real-life issues and problems, beyond the level of ‘single right
answer’ questions, the appropriateness of solutions in an SCT is based on the professional judgements of a group of experts (reference panel). Several answers may be
considered appropriate. The decisions of the participants are compared with those of
the reference panel; the degree of agreement between the participants and the experts
determines how answers are valued and indicates the participants’ level of competence.
With the SCT format, tests have been constructed in various domains within medicine (e.g. Meterissian et al. 2007) and characteristics which have been studied are the
timing of the assessment and the effects of different formats (Sibert et al. 2006),
optimisations of the scoring methods (Charlin et al. 2002) and the composition of the
reference panel (e.g. Gagnon et al. 2005; Nendaz et al. 2004). Results were compared
between different levels of clinical experience, and also across different cultures and
learning environments (Sibert et al. 2002). Furthermore, results on SCTs have been
related to other indicators of clinical competence (e.g. Gagnon et al. 2006).
As regards the assessment of clinical competence in the transition phase from
preclinical learning into internship, previous studies have shown that, despite an
increase of clinical experiences, the performances on conventional tests do not show
improvement (Boshuizen 2003; Patel, Arocha, and Zhang 2005). This phenomenon is
referred to as the ‘intermediate dip’. Two explanations have been suggested: a temporary lack of knowledge organisation owing to insufficient integration of practical
experiences with theoretical knowledge; and shortcomings of conventional tests to
measure problem-solving competence validly (Schmidt and Boshuizen 1993). The
absence of this intermediate dip in the SCT, when we compare the results at different
levels of experience, is considered an indication that supports the validity of the SCT
with regard to clinical decision-making (Charlin et al. 1998).
2.3. Focus of this study
Previous studies of the SCT typically concerned a limited domain (a medical specialisation or a group of related conditions), participants with clinical experience and a
comparison of scores between participants with different levels of experience. In this
study, the SCT is applied on a broad domain (primary veterinary care), participants
are undergraduates without substantial clinical experience and the scores of the same
students on the same test, before and after a one-year course in clinical problem-solving,
are compared. Against this background, the main issues this study addresses concern:
(1) The development of an SCT and its corresponding answer key to be used at
undergraduate level to assess progress in problem-solving competence.
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(2) The evaluation of the (internal-consistency) reliability of test results. Although
ambiguity in the problems and answers of the test is conditional, this should
not lead to doubt about the consistency of the measured results with regard to
the students’ performances. Furthermore, does repeated administration of the
same test affect the participants’ results?
(3) The evaluation of the (content) validity of the test. Do the cases and test items
adequately represent the larger domain of the conditions, clinical decisions and
uncertainties in primary veterinary care?
(4) The evaluation of the test sensitivity. Can the test detect changes in competence within the frame of a one-year course in solving clinical problems?
3. Methodology
3.1. Materials
In an SCT, problems and situations are described in short case vignettes. A vignette
contains the main features of a case’s first presentation and relevant aspects of its
history which would be known in reality. Each case comes with four test items,
formulated as a hypothesis or suggestion for action (Table 1).
Besides this hypothesis or proposed action, a test item holds additional information
about the case. Participants are asked to assess the effect of the additional information
on the plausibility of the hypothesis or the appropriateness of the proposed action. This
entails carefully combining and weighing all available information.
3.2. Test development procedure
Development of the SCT included the following steps:
(1) The assessment matrix was based on epidemiological data concerning the clinical problems that frequently occur in primary veterinary care to achieve a
representative sample of cases.
Table 1.

Case vignette with two items.

‘Carl’, a six-year-old male Rottweiler dog, is presented to you. For three days, he has not eaten
and vomits 5–8 times per day. According to his owner, he is usually a gobbler and never picky
in what is served. He has not stopped drinking. Carl is kept as a family pet and allowed to walk
about freely in and around the house, as long as he stays on the premises. First impression:
an agitated dog with some signs of discomfort. There is no visible loss of weight. Pulse rate:
140/min (equal, regular); respiratory rate: 28/min (costo-abdominal); temp. 39°C; skin turgor:
average–poor.
Suppose you consider this a case
of:
b. stimulation of central
receptors (due to poisoning)

and then you find that:
despite fierce attempts, he
hardly produces any vomit

then this diagnostic
hypothesis becomes:
−2 −1 0 +1 +2

−2 = very unlikely; −1 = less likely; 0 = not more nor less likely; +1 = more likely; +2 = very likely.

Suppose you consider for
further assessment/treatment:
d. abdominal X-ray

and the assessment of the
patient revealed:
yellow mucosa + extended
CRT (capillary refill time)

then this approach
becomes:
−2 −1 0 +1 +2

−2 = contraindicated; −1 = not advisable; 0 = not less nor more significant; +1 = advisable; +2 = indicated.
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(2)

(3)

(4)

(5)
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Clinical teachers, representing the main subdomains in veterinary medicine,
provided the information needed to turn these clinical problems into realistic
cases. Test items were chosen to reflect authentic biomedical and veterinary
issues, including dilemmas related to owner preferences, ethical issues or time
pressure.
To disclose whether the students’ unfamiliarity with the SCT format of items
or the ‘indifferent’ answer category would affect their reasoning and choices,
three trial sessions were conducted with fourth-year students from the previous
cohort, following the ‘think-aloud’ procedure. These trials confirmed engagement of the students in the intended cognitive processes. Changes in the format
or phrasing of cases were not indicated; the trials did, however, reveal the
necessity for high-quality test instructions.
The final version of the SCT in veterinary medicine (SCT-VM) was composed,
covering 30 cases and 120 test items to create a sample large enough for the
content to be tested. Previous studies (Charlin, Tardif, and Boshuizen 2000)
indicated that an SCT covering a medical subdomain needs about 50–60 test
items to achieve a reliability (Cronbach’s α) of 0.80 or more.
To establish the answer key, the test was completed by the reference panel.
Based on previous studies (e.g. Gagnon et al. 2005), a minimum of 10 experts
per subdomain (animal species) was regarded as sufficient. Inclusion criteria
for the reference panel were: veterinary practitioner, non-teaching, with at
least 10 years of clinical experience in primary veterinary care, acknowledged
and recommended by colleagues (from university clinical staff). Thirty-five
practitioners were invited to participate; 28 agreed and completed the test. For
each expert, only the answers which concerned cases in their particular areas
of expertise are included in the answer key.
In addition to the test itself, a short questionnaire was developed for participant
feedback, in particular about the SCT format of test items and the representativeness of the cases.

3.3. Context and participants
The SCT-VM was developed as an instrument to establish the progress students make
in a course on clinical problem-solving, including practice with real patients, and covering most of the last (fourth) pre-clinical year before the clerkships (Utrecht University).
The test is conducted twice, near the beginning and at the end of the course.
Students participate on a voluntary basis. Test results are neither part of the course
assessment programme nor revealed to the teaching staff. The students receive
individual feedback about their scores and guidance in the interpretation of results.
Of all the students in the course, 168 (97.7%) participated in the test; 148 of them
in both the pre- and the post-tests. To avoid student performances being affected by
unfamiliarity with this type of case description, the pre-test took place after the
students had some opportunity to become accustomed to case vignettes in clinical
tutorials (maximum seven).
3.4. Data analysis
(1) Development of the answer key:
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(a) The degree of concurrence between members of the reference panel was
analysed to identify the items that should be reviewed and, if necessary,
excluded from the answer key. Large variability in answers may result
from measurement error e.g. in the construction or phrasing of an item.
The total concurrence indicates that the item does not involve an aspect of
uncertainty.
(b) The optimal scoring model. The usual SCT scoring model is based on a
score of one for the experts’ modal answer, whereas the alternative
answers receive a score corresponding to the proportion of panel members
who choose the same alternative. Given some apparent patterns in the
answers of the reference panel, alternative scoring models with a potentially better fit were studied to disclose their effects on the students’ scores.
(2) Evaluation of reliability and validity:
(a) With the provisional answer key and scoring model, the estimated internal-consistency reliability and item-total correlations were calculated.
Commonly used measures such as the discrimination index or distractor
analysis were not used for item analysis, as they assume a single right
answer. The individual scores of the panel members were checked to
uncover deviant response patterns.
(b) If indicated (large variability in expert answers, low item–total correlation),
items were reviewed independently by two senior veterinarians to reassess
their validity (Borsboom, Mellenbergh, and van Heerden 2004).
(c) With the final answer key, the scores of participants were established and
internal consistencies re-estimated.
(d) Generalisability theory provides methods to disentangle the contributions
of multiple factors (e.g. the number of items) and their interactions with
the reliability of results (Brennan 2001). To determine the reproducibility
of test results and the effects of repeated use of the test, a G-study
(variance component analysis) was conducted, based on a two-facet fullycrossed design with the items, participants and the two occasions as
facets. A D-study projected the effects of changes in one of the facets
with regard to optimisation of reliability.
(3) Evaluation of test sensitivity:
(a) Finally, the results of the pre- and post-tests were compared to disclose
whether the test measured a significant change in competence.
4. Results
4.1. Test development: answer key and scoring model
With the panel members’ responses, a provisional answer key was composed based
on 12 experts in companion animals, 12 in farm animals and 11 in horses. This answer
key showed a degree of concurrence between two-thirds of all experts on one alternative
in 22 test items, and on two adjacent alternatives (e.g. ‘very unlikely’ and ‘less likely’)
in 71 of the test items. In 17 items, the distribution of answers of the reference panel
called for a review. Figure 1 illustrates the different degrees of item concurrence.
Close examination of the distribution in the experts’ responses led to two hypotheses (a three-point answer scale provides sufficient differentiation; a modus score of
one point is an overestimation) tested with four alternative scoring models. The effects
of the alternative models on the averages and ranges of the reference panel and the
Figure 1.

Variable degrees of concordance (expert responses): (a) large majority in one alternative, (b) majority in two adjacent alternatives and (c) other patterns.
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Figure 1. Variable degrees of concordance (expert responses): (a) large majority in one
alternative, (b) majority in two adjacent alternatives and (c) other patterns.

students in the pre-test are presented in Figure 2. Correlations between results in
Models 2, 3 and 5 with those of the SCT aggregate scoring model (Model 1) are strong
(r = 0.98, r = 0.89 and r = 0.96, respectively; p < 0.01; n = 164). For Model 4, this
correlation is moderate to strong (r = 0.66).

Figure 2. Effects of alternative scoring models on the pre-test results of students (S) and the
expert panel (E): lowest score–mean–highest score.
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Both types of adjustments in the scoring model resemble higher levels of concurrence between the experts and lead to a reduction of the scale range. The lower
reliabilities (Cronbach’s α) in these models might result from the information loss
owing to non-valued responses. As the SCT-VM is intended to monitor competence
development, reducing the scale range (differences between students) was avoided.
Further analysis is based on Model 1.
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Figure 2.

Effects of alternative scoring models on the pre-test results of students (S) and the expert panel (E): lowest score–mean–highest score.

4.2. Reliability and content validity
The review of the 17 items with a limited concurrence between panel members did not
uncover apparent errors in the case or item construction, affecting validity. None of
these items were removed in the final answer key.
The internal consistency (α) of the pre-test and the post-test is 0.80 and 0.79,
respectively. Item-total statistics show that removal would not increase α by more
than 0.004 for any of the items.
One practitioner, with over 40% outlier answers and a low personal score (<M–
2SD), was excluded from the reference panel.
The results from the G-study about the generalisability of participant results and
the relative contribution of different sources of variance are shown in Table 2. The
G-coefficient indicates that 85.4% of the result-to-result variation is owed to real
differences between the participants. The additional D-study established that a minimal 80 items would have been sufficient to obtain a reliability (G-coefficient) greater
than 0.8; and if this test had been used only once, then 130 items would have been
needed to achieve the same reliability.
4.3. Sensitivity to changes in competence
The students’ scores improved from the pre-test (M = 74.9; SD = 5.5) to the post-test
(M = 79.6; SD = 4.9). The improvement is significant (t = 12.753; df = 147; p < 0.00025).
Furthermore, their individual scores on the pre- and post-tests correlate positively (r =
0.653; n = 148; p < 0.001) and the effect size is large (Cohen’s d = 0.89).
Table 2.

G-study: variance component analysis and generalisability.

Generalisability
Design type: two-facet fully-crossed design (P × F1 × F2)
Number of participants: 160
Number of items: 120
Number of occasions: 2
Source
Participants (P)
Items (F1)
Occasions (F2)
P × F1
P × F2
F1 × F2
P × F1 × F2

df

ss

ms

Variance

Proportion

159
119
1
18,921
159
119
18,921

156.641
666.981
12.484
2749.176
12.522
38.523
1728.250

0.985
5.605
12.484
0.145
0.079
0.324
0.091

0.0004
0.016
0.001
0.027
0.000
0.001
0.091

2.5%
11.6%
0.5%
19.2%
0.0%
1.0%
65.1%

Note: Error variances: relative(0.001) → absolute(0.001); G-coefficients: G = 0.854 → ϕ = 0.769.
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4.4. Participant feedback on using the test
The results from the questionnaire (Figure 3) show that the students and experts are
more or less agreed on the authenticity of the cases (4.2 ± 2.0 on a five-point Likert
scale) and on the perceived difficulty of the SCT format (3.8 ± 1.0). Students considered the cases more complex; they also perceived the test as knowledge-intensive,
rather than reasoning-intensive. Monitoring progress in clinical reasoning is considered very useful (4.6) by the students.
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Figure 3.

Results from the questionnaire.

5. Discussion
5.1. Reliability
The reliability criterion concerns the consistency of the measurements and results
across the items within the test. A potential threat to the reliability of the SCT-VM
results, including uncertainties in the test. They should reflect realistic uncertainties
and the variability in responses which they cause should be distinguished from error

Figure 3.

Results from the questionnaire.
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in item construction or inconsistencies in the answer key. Ultimately, there should be
no doubt as to whether test scores reflect the students’ actual performances.
To achieve a high level of consistency of measurement, reliability issues have been
reviewed repeatedly during test development up to the final evaluation:
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●

●

During the development of the SCT-VM and in the analysis of results, items
with low concurrence between experts were reviewed to identify answer variability owing to construction error. No items were removed. One of the panel
members, however, was excluded as this member’s answers were beyond a
reasonable level of distribution. Testing the effects of alternative scoring
models confirmed the fit of the classic SCT-model with the data in the SCTVM.
The test results of the SCT-VM are based on a substantial number of cases and
items and its internal consistency in both administrations is satisfactory (>0.79).
The G-study, which combines different types of reliability analysis in one
model, shows a high generalisability of results (0.85) and that repeated use did
not affect test results. To assess progress with a pre- and a post-test, a total of
80 items would have been satisfactory, aiming at G > 0.80.

5.2. Validity
Appraisal of validity requires a substantive analysis of the instrument, relating test
results to the content, processes and conditions of the competences to be measured
(Borsboom, Mellenbergh, and van Heerden 2004).
A clear difference between written test formats and clinical problem-solving in
practice, which may affect the reasoning processes, is the actual presence of a patient.
Such presence requires attending to issues of comfort and safety and to communication with the owner, concurrently with the problem-solving process. Moreover, in an
SCT, the hypotheses are already suggested, whereas in real practice, clinicians
generate their own hypotheses.
Within these limitations, however, the findings in this study support in several
ways the validity of the SCT-VM for assessing clinical problem-solving and decision-making:
●

●

●

The SCT-VM contains a large sample of cases and items based on epidemiological data representative of the problems and conditions that veterinarians in
primary care frequently encounter. Within this number of cases and items, the
different areas of clinical judgements and decisions are covered. The authenticity of the problems and circumstances in the cases was confirmed by the experts
from the reference panel and by the reviewers of items.
The SCT-VM requires cognitive activities similar to those in practice:
interpreting the information and weighing its reliability, reasoning about and
recognising possible patterns, appraising the probability of hypotheses and
alternatives, estimating the outcomes or effectiveness of interventions. The
results of these activities are stated in terms of judgements or decisions. The
think-aloud in the trial sessions and the students’ feedback confirm engagement
in the same activities and processes.
The judgements and decisions of the experienced practitioners make up the
reference against which student answers are compared. This allows real-life
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problems and dilemmas, beyond the level of ‘single right answer’ issues, to be
included in the test.
Coverage of the domain of primary veterinary care was achieved by a reference
panel with sufficient expertise from each subdomain. If the distribution of expert
answers was beyond the expected range of differences, the case content was reexamined to disclose artificial uncertainties (e.g. lacking information which
would be available in practice) or construction errors affecting test results.

6. Conclusion
In the light of the findings in this study, we conclude that the SCT-VM meets the
described objectives and conditions. Hindrances related to the breadth of the domain
to be covered as well as the limited clinical experiences of the students could be avoided.
The results from using the same test twice made it clear that an SCT can be used as
an instrument to monitor progress in problem-solving and decision-making competence.
The SCT-VM in this study was used formatively. In the case of an assessment with
a summative function, students might have been more hesitant to participate in a test
with ambiguities in the cases, questions and answers. How that would have influenced
their choices in these cases is open to speculation.
The main limitations of an SCT concern the aspects of concurrent patient handling,
communicating and problem-solving and a lack of necessity to generate one’s own
hypotheses. An assessment with real or simulation patients has better opportunities to
include these aspects as well. Nevertheless, the SCT format has some important
usability advantages; it is based on a large number of cases, can be administered
comparatively easily and processed uniformly to a large numbers of students without
creating a burden on real patients. These strengths, in our opinion, offset the limitations of the SCT. We recommend that the SCT format be used more widely in actual
educational practices so that its features and applicability in other domains and its use
for summative purposes may be further investigated.
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