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Background The script concordance (SC) test was

conceived to measure knowledge organization, the

presence of links between items of knowledge which

allow for interpretation of data in clinical decision

making situations. Earlier studies have shown that the

SC test has good psychometric qualities and overcomes

some of the limitations of simulation clinical testing.

This study explores the predictive validity of the test.

Objectives To verify whether scores obtained by stu-

dents at the end of clerkship predict their clinical

reasoning performance at the end of residency.

Design Comparison of scores obtained on a SC test

taken at the end of clerkship with those obtained

2 years later at the end of residency on two clinical

reasoning assessments of known validity, called the

short-answer management problems (SAMPs) and the

simulated of®ce orals (SOOs), and an objective struc-

tured clinical examination (OSCE) aimed at assessing

hands-on skills and clinical reasoning. Data were trea-

ted by Pearson correlation analysis.

Subjects and setting A cohort of 24 students from a

medical school in Quebec was followed up to the end of

their residency in family medicine, completed in several

schools across Quebec.

Results The observed Pearson correlation coef®cients

of the SC test were statistically signi®cant (0á451,

P � 0á013; 0á447; P � 0á015) when compared with the

SAMPs and the SOOs, respectively. They were not

statistically signi®cant (0á340, P � 0á052) when

compared with the OSCE.

Conclusion The authors assumed that the richness of

knowledge organization, as indicated by SC test scores,

would predict part of the performance on the measures

of clinical reasoning (SAMP and SOO), but would

predict less well performance on the OSCE which

measures both clinical skills and clinical reasoning.

Data found in the study are coherent with this hypo-

thesis. This is evidence in favour of the construct

validity of the SC test. It also indicates that, in the

context of certi®cation assessment, if a candidate has

shown good organization of clinical knowledge at an

early point in training, it can be expected that he/she

will show good organization at subsequent measure-

ments of this kind of knowledge. This appears to be

true even if the later measures bear on a wider clinical

domain.
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Introduction

In recent decades, the assessment of clinical reasoning

has evolved through several stages and has undergone

theoretical development. In the 1960s, attempts were

made to measure clinical reasoning using written simula-

tions. The most prominent example was the patient

management problems (PMP) approach. A realistic

patient problem was presented and the examinee
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was required to select the most pertinent items of his-

tory, physical examination, and investigations from a

list. These simulations rapidly became part of many

examination programmes with the aim of measuring a

generic capacity of problem solving. Nevertheless,

consistent empirical ®ndings appeared which cast

doubt on this endeavour. First, a score derived from

one problem was not predictive for a score on another

problem; the ability to solve problems was dependent

on the `content speci®city' of the problem. Secondly,

experienced clinicians scored hardly better and some-

times worse than less experienced clinicians or stu-

dents.1,2 This has been called `the intermediate effect'.3

As a reaction to the `content speci®city' phenomenon,

a new direction was suggested in the mid-1980s. It was

argued that any clinical problem has one or more

essential elements crucial to the management of the

problem. For assessment purposes the suggestion was

made that assessment should be limited to key elements

in order to save time for testing additional problems and

to improve reliability. This has been called the `key

features approach'.4 Despite this improvement, results

still showed superior performance for clinicians at the

end of their training compared with clinicians with

several years of experience,5 when one would expect

experience to provide a strong advantage in a measure of

clinical competence. The intermediate effect persisted.

Several authors hypothesize that, in clinical medi-

cine, skilled and experienced practitioners differ from

less experienced and less skilled practitioners because

they possess elaborate networks of knowledge which ®t

the tasks they perform regularly. These networks, called

`scripts',6±8 are organized to ful®l goals within tasks

concerning diagnosis, strategies of investigation, or

treatment options. This kind of knowledge is revealed

only in action, in authentic situations when practition-

ers have to re¯ect on real concerns. From this theor-

etical background, a new written simulation tool, the

script concordance (SC) test, was designed to measure

the richness of these networks. The principles of the SC

test are described in another article.9 The test places

examinees in problematic clinical situations in which

they must answer a question that experts ask in those

situations and they have to interpret data to make

decisions. Each test item has three parts (see Table 1).

For diagnostic assessment items, the ®rst part concerns

a diagnostic hypothesis. The second is new informa-

Key learning points

Script concordance (SC) tests measure the pres-

ence of links between items of knowledge which

characterizes knowledge adapted for ef®ciency in

clinical tasks.

Good knowledge organization shown at the end of

clerkship predicts clinical reasoning performance

on assessments taken 2 years later.

Scores at the end of clerkship tend to predict well

the scores on tests which mainly measure clinical

reasoning, and less well the scores on tests

which measure clinical skills more than clinical

reasoning.

Script concordance (SC) tests measure the pres-

ence of links between items of knowledge which

characterizes knowledge adapted for ef®ciency in

clinical tasks.

Good knowledge organization shown at the end of

clerkship predicts clinical reasoning performance

on assessments taken 2 years later.

Scores at the end of clerkship tend to predict well

the scores on tests which mainly measure clinical

reasoning, and less well the scores on tests

which measure clinical skills more than clinical

reasoning.

Table 1 Sample of the script

concordance test You are thinking of the It has the following effect*

following hypothesis And you ®nd (Please encircle your answer)

1. Breast cancer A patient more than 50 years old A B C D E F G

2. Fibroadenoma A patient younger than 30 years A B C D E F G

3. Fibroadenoma A very mobile breast mass A B C D E F G

4. Cyst An important in¯ammatory

reaction

A B C D E F G

5. Cystic illness Bilateral mass A B C D E F G

* A = It can only be that hypothesis;

D = There is no effect on the hypothesis;

G = It de®nitely rejects the hypothesis.
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tion, a sign or a symptom option which is relevant to the

situation. The third part rates the decision made by the

examinee on a Likert scale.

The choice of questions to be included in the test

follow the key-feature approach, i.e. they are the

questions experts think are the most likely to help solve

the case. The scoring process involves weighting of

responses through matching of expert judgements, and

is an original part of the test. Several experts are asked

to complete the test to indicate the most relevant

answers. The scoring grid is based on their answers.

Scores are computed from the frequencies given to each

point of the Likert scale by the experts without any

requirement to reach a consensus on a single answer.

Hence the test measures the concordance between

examinees' scripts and scripts of a panel of experts. It

probes the organization of clinical knowledge, being

intended to verify whether the knowledge of examinees,

as described in Bordage's10 classi®cation of knowledge

organization, is elaborated rather than dispersed. In

order to do this, the test assesses how items of know-

ledge are structured and connected, including the

nature of associations among items of knowledge,

rather than the accumulation of items. With these in-

novations, we found that when clinicians were meas-

ured using this assessment tool the scores re¯ected their

level of competence and experience.11±13 The interme-

diate effect was no longer found and expertise level

covaried systematically with an increase in performance.

In the present study we wanted to go further and to

verify the predictive validity of the SC test. We asked all

students who were completing their MD programme in

a school of medicine to take an SC test. We then fol-

lowed the cohort amongst them which entered a resi-

dency in family medicine. As candidates for licensure in

family medicine, 2 years later, they were required to

take a comprehensive licensure examination to con®rm

that they had acquired all the skills necessary to practise

as independent clinicians. This licensure examination

covers the complete domain of family/general practice

and is comprised of three different tests.14 The ®rst one

is a written test, called the short-answer management

problems (SAMP) test, which follows the key-feature

approach. Its validity and reliability are well known.15

The SAMP test is composed of 42 clinical vignettes,

each of which is followed by a series of three to ®ve

open-ended questions for which candidates provide

written responses. The test measures the clinical rea-

soning skills required to make investigation, diagnosis,

treatment or follow-up decisions.15 The clinical

vignettes require clinical reasoning in order to make

decisions.16 Because an adequate organization of

knowledge is a prerequisite of problem-solving capa-

city, we expected that the SC test would correlate well

with and be predictive of scores in the SAMP, a

measure of problem-solving capacity.

The second test is an objective structured clinical

examination (OSCE) at the end of the residency

training. The goal of this OSCE is to assess clinical

skills.17±19 The third part of the licensure examination

is another live standardized simulation. It is composed

of ®ve simulated of®ce orals (SOOs).20 Each SOO

consists of a 15-minute interview during which the

patient's role is played by a family physician who also

scores the candidate's performance using a pre-tested

objective marking scheme. Cases do not require a

physical examination. The SOO assesses the candi-

dates' abilities to manage complex biopsychosocial

problems, with an emphasis on the patient±doctor

relationship. The cases are based on the patient-centred

method and the quality of clinical reasoning is essential

for solving the problems presented.21

By virtue of test construction the SC test, the SOO

and the SAMP (at least in part) measure output

(SAMP) and output and process (SOO) of clinical

reasoning, while the OSCE measures hands-on clinical

skills as well as clinical reasoning. In the context of the

multi-trait multi-method (MTMM) approach22 we

would predict that the homo-trait hetero-method

approach (different methods measuring the same trait)

should show good concordance between the SC test and

the SOO test. Therefore we predicted in the study that

correlations between the SC test, the SAMP and the

SOO would be higher than the correlation between the

SC test and the OSCE, despite the fact that the SAMP,

the OSCE, and the SOO were taken at the same time,

while the SC test had been taken 2 years earlier.

Materials and methods

Setting and subjects

In the school in which the study took place, the class

who completed the clerkship in 1996 was composed of

90 students. At the end of the clerkship the whole class

had a refresher course on essential concepts in surgery.

Just before that, students were asked to take a script

concordance test in surgery. The clinical areas which

were used for the study were breast lump, gastrointes-

tinal bleeding, acute abdominal pain and lump in the

thyroid gland. The original SC test was composed of 60

items. After a ®rst validation of the tool, 38 items dis-

tributed in the four content areas listed above were

chosen, based on experts' and students' comments,

and validated again with a group of experts who con-

®rmed the quality of the selected items for assessment
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purposes. For the reliability analyses, the item scores

were grouped by content areas and the grouped scores

were used as input for reliability estimates.

A total of 66 students volunteered to take the SC test,

among whom 24 had been accepted to a family medi-

cine residency programme. These 24 students, 2 years

later, took the licensure examination, which is manda-

tory in the Province of Quebec. The OSCE was

composed of 26 clinical cases assessing different skills

related to the practice of family medicine. The total

weight of history taking, physical examination, organ-

izational and communication skills represents about

40%, whereas investigation, diagnostic, treatment and

follow up represent 60% of the exam, respectively. The

SAMP test was composed of 42 clinical vignettes cov-

ering the whole ®eld of family medicine. The simulated

of®ce orals included ®ve cases. The scoring of the SOO

is based on the fact that in the course of a good inter-

view, a physician constantly weaves back and forth

gathering information on both disease and illness.

During this process, the de®nitions of disease and

illness are integrated in order to arrive at a general

understanding. For each SOO, candidates are scored

on six items grouped in four areas: problem identi®-

cation, social and development context, problem

management and interview process and organization.

The total score ranges from 6 to 36 and then is trans-

formed into a percentage score.

Analysis

To evaluate whether the 66 clerkship students who

volunteered to participate in the study were different

from the 34 who declined participation, we compared

the scores of the two groups on a comprehensive writ-

ten examination. This examination was mandatory for

clerks in order to obtain their MD degree. There were

no signi®cant differences between the two groups.

In order to judge the validity coef®cients, reliabilities

were estimated using generalizability analyses. The

other statistics were descriptive statistics which consis-

ted of the candidates' mean scores and standard devi-

ations on each examination tool, and correlation studies

assessing the association between scores on each

measurement tool, with the corresponding tests of sta-

tistical signi®cance. In the case of the SC test coef®cient

we added the item scores within content area scores

(n � 4), and we used these four new scores as input for

the reliability studies in order to avoid boosting of

intercorrelations due to possible content connections.

It is well known that the reliability of a test affects its

validity because, theoretically, a test cannot correlate

more highly with any other score than it correlates with

its own true score.21 An estimate of the correlation that

would be obtained if the tests did not contain meas-

urement error can be obtained with the correction for

attenuation. The correction for attenuation is pertinent

if a test is used to predict the score on another test. We

have used the correction for attenuation to assess the

potential predictive validity of the SC test to predict the

scores of the three tools used in the licensure exam-

ination.

Results

Descriptive statistics

The means and standard deviations (SD) were as fol-

lows: SC test 62á1 (9á5); OSCE 69á8 (5á0); SAMP 69á1
(4á5), and SOO 67á3 (7á7). To get the highest possible

score on the SC test, an examinee would have to pro-

vide the answer most frequently given by experts on

each item.

It appeared to be important to compare the group

candidates' performances to the performances of the

whole class in order to estimate whether or not they

showed similar characteristics. We used unpaired t test

analyses and the results are shown in Table 2.

Reliability analyses

The generalizability studies were done with EtudGen

for Macintosh.24 The generalizability coef®cients for

each test are presented in bold in Table 3. The SC test

coef®cient was 0á544 (n � 66). This coef®cient was

obtained by adding the item scores within content area

scores (n � 4), and we used these four new scores as

input for the reliability studies in order to avoid boosting

of the intercorrelations due to possible content con-

nections. For the OSCE, the SAMP, and the SOO the

generalizability (G) coef®cients were 0á717 (n � 181),

0á817 (n � 769) and 0á478 (n � 769), respectively.1 The

SOO showed strong item±total correlations (>0á478),

Table 2 Comparison of the scores of the sample group with the

scores for the whole group for each part of the licensing exam

Whole group Sample (n = 24) t value* P value

OSCE 68á3 70á0 1á898 0á0591

SAMP 68á8 70á2 1á127 0á2610

SOO 66á5 69á4 1á821 0á0701

* Unpaired t test, hypothesized difference = 0.

OSCE, objective structured clinical examination; SAMP, short-

answer management problems; SOO, simulated of®ce orals.
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thus supporting the construct that is being measured.

The decision studies (D-studies)2 showed that nine

SOO cases would have a G coef®cient of 0á784.

Correlation studies

The observed Pearson correlation coef®cient regarding

the SC test as a predictor of SAMP scores was 0á451.3 It

was statistically signi®cant (P � 0á013). When correc-

ted for attenuation due to the unreliability of the tests,

the coef®cient reaches a value of 0á667.

In the case of SOO scores, the correlation coef®cient

was 0á447. It was also statistically signi®cant

(P � 0á015), and when corrected for attenuation, the

coef®cient attained a value of 0á729.

The observed Pearson correlation coef®cient con-

cerning the SC test as a predictor of the OSCE was

low (r � 0á340), and not statistically signi®cant

(P � 0á052). When corrected for attenuation, the

coef®cient attained a value of 0á544 (Table 3).

Discussion

These results show that the SC test, taken at the end of

clerkship in the speci®c domain of surgery, effectively

predicts the scores obtained 2 years later, at the end of

residency, on tests of reasoning, even if they are related

to a comprehensive assessment of clinical family

medicine knowledge. They also show that the SC test

predicts less well the scores on an OSCE which meas-

ures both hands-on skills and clinical reasoning. In this

case, it is possible to argue that the observed scores on

the OSCE are the sum of two different elements

interacting within the performance measured.

The study has strengths and weaknesses. The

assessment instruments used at the end of residency

have well-established validity as instruments of meas-

urement of clinical reasoning (SAMP and SOO),15,20

and of hands-on clinical skills and reasoning

(OSCE),17,19 with good reliability for the three. The

reliability analyses were performed with the cohort of

candidates which sat for each exam4 . As mentioned by

Norman et al.25 coef®cients are very unstable with

small sample sizes, and because reliabilities appear in

the denominator of the formula for calculating the true

correlation, it is important to have good reliability

estimations. The SC test is an instrument which is under

development, but preliminary studies have shown good

reliability and there are arguments in favour of its

construct validity.11±13 The results of this study con-

cern a cohort of only 24 students who completed a

residency in family medicine. This is not a large sample,

but it was suf®cient to detect an effect in the study. The

two series of measures are 2 years apart in time. This is

a long period in a learning environment, and many

confounding variables can have an impact on students'

learning. However there is always much `noise' in

educational measurement, and we can postulate that

the impact of these confounding variables may be found

to be equally distributed among the observed scores of

the three tests and could explain the results. Despite the

noise and the 2-year time interval we still observe a

relatively strong correlation among the variables under

study.

The SC test is designed in the context of a theoret-

ical background, the script theory, which states that the

development of clinical reasoning competence requires

a reorganization of knowledge in order to be able to

ful®l the speci®c demands of clinical tasks, mainly

diagnosis, investigation and treatment. Bordage10 has

shown that some clinicians organize their knowledge

well and that others do not. The goal of the SC test is

to identify the students who have organized their

knowledge for ef®cient use in their clinical work, those

whose knowledge reaches an elaborated structure. The

results of this study furnish evidence in favour of the

construct validity of the SC test. One explanation for

these results is that good clinicians structure their

knowledge in order to ful®l their clinical tasks, while

others only accumulate knowledge without transform-

ing it to ®t the tasks. This is in accordance with the

developmental theory of clinical competence of

Schmidt, Norman and Boshuizen.7 When students are

confronted with their ®rst clinical cases, they must

restructure their knowledge to their new tasks. Possibly

some students do not perform this restructuring, or

carry it out incompletely.

Table 310 Correlations among the scores obtained by the students

(n = 24) with the four assessment tools described in the study

SC OSCE SAMP SOO

Observed correlations

SC 0á340 0á451 0á447

OSCE 0á449 0á426

SAMP 0á171

True/corrected correlations*

SC 0á544 0á667 0á729

OSCE 0á586 0á606

SAMP 0á228

Reliability coef®cient 0á544 0á717 0á817 0á478

* Correlation coef®cients corrected for attenuation.

SC, script concordance; OSCE, objective structured clinical

examination; SAMP, short-answer management problems; SOO,

simulated of®ce orals.
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This study suggests that, in the context of certi®ca-

tion assessment, if a candidate has shown good

organization of clinical knowledge at a particular time

during training, it can be expected that the candidate

will show good organization at subsequent measure-

ments of this kind of knowledge. This appears to be

true even if the measures bear on a wider clinical

domain.

If this is con®rmed, the SC test may have applica-

tions in several ®elds of medical education, such as

selection of candidates for residency or identi®cation of

students who have problems with knowledge organ-

ization and who need remedial training. It also has

implications for other ®elds of study, because it indi-

cates that if content speci®city is a strong factor in

clinical reasoning expertise, there is also another factor

which predicts performance, that is, the organization of

knowledge.
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