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CONTEXT Since 2000, problem-based learn-
ing (PBL) seminars have been introduced into
the curriculum of medical studies at the
University of Liège. We aimed to carry out a
cross-sectional investigation of the maturational
increase in biomedical reasoning capacity in
comparison with factual knowledge retention
throughout the curriculum.

METHODS We administered a factual knowl-
edge test (i.e. a true ⁄ false test with ascertain-
ment degree) and a biomedical reasoning test
(i.e. an adapted script concordance test [SCT])
to 104 students (Years 3–6) and a reference
panel. The selected topic was endocrinology.

RESULTS On the SCT, the students obtained
higher scores in Years 5 and 6 than in Years 3
and 4. In Year 3, the scores obtained on SCT
questions in a new context indicated transfer of
reasoning skills. On the true ⁄ false test, the

scores of Year 3 students were significantly
higher than those of students in the other three
year groups. A positive correlation between SCT
scores and true ⁄ false test scores was observed
only for students in Years 3 and 4. In each
group, the ascertainment degree scores were
higher for correct than for incorrect responses
and the difference was calculated as an index of
self-estimation of core knowledge. This index
was found to be positively correlated to SCT
scores in the four year groups studied.

CONCLUSIONS Biomedical reasoning skills
are evidenced early in a curriculum involving
PBL and further increase during training. This
is accompanied by a decrease in factual knowl-
edge retention. The self-estimation of core
knowledge appears to be related to reasoning
capacity, which suggests there is a link between
the two processes.
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Correspondence: Jean-Pierre Bourguignon, Department of Clinical
Sciences, University of Liège, CHU Sart-Tilman, 13 Avenue de
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INTRODUCTION

In addition to their necessary learning of a large body
of knowledge, medical students must develop clinical
reasoning skills. Clinical reasoning has mainly been
studied in the context of medical diagnosis, which
is considered to involve a problem-solving process.
The mental representation of a problem is a key issue
in that process. For Feltovich and Barrows,1 the
mental representation of a diagnostic problem takes
the form of an (instantiated) ‘illness script’ into
which patient characteristics, signs and symptoms of
the disease, and knowledge on the underlying links
are organised. Illness scripts may also contain mem-
ories of previous patient experiences which help in
the diagnosis of new cases.2 According to Schmidt
et al.,2 illness scripts are developed through continu-
ous exposure to patients and thus result from
experience. These scripts are used by experienced
doctors when diagnosing routine cases. Other
authors claim that the first step in the process of
clinical reasoning is the early generation of hypoth-
eses, which are then tested and validated through an
active process of acquisition of relevant data.3–7

Although these mechanisms of clinical reasoning are
thought to operate mainly by the end of medical
studies, when they have been evidenced, we hypoth-
esised that reasoning may be active earlier in the
curriculum and may mature subsequently. Findings
from studies on clinical reasoning have influenced
educational strategies in order to promote reasoning
and its assessment. Problem-based learning (PBL)
was developed to facilitate the student’s process of
acquisition, organisation and retrieval of knowl-
edge.7–10 One aim of PBL is to help the student
integrate new information in a rich and connected
knowledge network that will be activated later (illness
scripts).11 Through such mechanisms, PBL promotes
clinical reasoning skills.11 Since 2000, the Faculty of
Medicine at the University of Liège has integrated PBL
seminars into Years 2–7 of a 7-year curriculum.12 The
present study aimed to investigate the maturation of
reasoning capacity throughout a medical curriculum.

Some authors have attempted to analyse the rela-
tionship between the knowledge base and the matu-
ration of clinical reasoning at different levels of
expertise by using a think-aloud protocol applied
during clinical problem-solving tasks.13,14 Patel and
Groen14 have shown that experts use less basic
science in their reasoning explanations than novices.
Boshuizen and Schmidt13 demonstrated that the
application of biomedical knowledge (use of basic
knowledge to explain the process underlying the

case) decreased with increasing levels of expertise.
They proposed a three-stage model of expertise
development in medicine, consisting of the acquisi-
tion of biomedical knowledge, practical experience
and the integration of both theoretical and experi-
ential knowledge resulting in knowledge encapsula-
tion.3,15 There are, however, few studies addressing
the retention of factual knowledge over time. Some
authors have reported decreasing scores for recogni-
tion and recall tasks, together with increasing scores
for application and interpretation tasks.16

In the present study, investigation tools involved a
script concordance test (SCT)17–21 to assess biomed-
ical and clinical reasoning and a true ⁄ false test to
assess factual knowledge. The maturation of reasoning
capacity was compared with knowledge retention. We
hypothesised that retention of factual knowledge in
the pre-clinical sciences might be highest in Year 3 and
might decrease afterwards, whereas reasoning capacity
might be lowest in Year 3 and might further increase
throughout the curriculum. Degree of ascertainment
is used as part of routine procedure for multiple-
choice question and true ⁄ false evaluations in our
institution.22–24 The ascertainment degree measures
how sure the responder is about each of his or her
answers and, thus, gives an indication of the subject’s
self-estimation of what he or she knows and does not
know.22–24 The relationship between self-estimation of
core knowledge (through the ascertainment degree
on the true ⁄ false test) and reasoning was investigated.

METHODS

Participants

During the academic year 2006–2007, 104 volunteer
students from Years 3–6 in the Faculty of Medicine at
the University of Liège participated in the study (a
minimum of 20 students in each study year). Endocri-
nology was the selected topic of the investigations. The
students differed in terms of the PBL seminars and
clerkship periods they had undertaken (Table 1). In
Years 2 and 3, the majority of learning occurs in PBL
seminars (named APP, Apprentissage par Problè-
mes),12,25 which focus on the structure and function-
ing of the human body systems. In Years 4 and 5, the
diagnostic and therapeutic bases of diseases of the
different systems are learned through lectures and PBL
seminars (named ARC, Apprentissage du Raisonne-
ment Clinique).12,25 There was no difference among
the groups of volunteer students in terms of their
global academic achievement (assessed on the basis of
Year 3 notes). Likewise, volunteers did not differ from
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non-participants, except for in Year 5, in which
volunteer notes were of significantly better quality than
those of the rest of the Year 5 cohort. Written informed
consent was obtained from the participants and tests
were completed anonymously. Confidentiality and
anonymity were guaranteed. No student names were
used in the statistical analysis. Each participant was
assigned a number with which he or she was able to
check his or her scores online and compare them with
the whole-group scores.

Two teachers wrote the testing materials. Nine tutors
(three in academic appointments and six in clinical
appointments at the university hospital), who han-
dled the PBL seminars on the endocrine system,
served as a reference panel for SCT scoring (see
below). They also provided answers to the true ⁄ false
test. Written informed consent was obtained from the
tutors, who completed the tests anonymously.

Test materials

Clinical reasoning test: the script concordance test

Originally, the SCT17–21 proposed a series of short
and incomplete clinical scenarios, each of which was

followed by either a diagnostic hypothesis or a
proposal for the therapeutic management of the
patient. When new information was provided,
the responders had to assess the impact of this
information on the basis of the initial diagnostic or
management hypothesis. Responses were given on a
5-point Likert scale. Because the incomplete clinical
scenario allowed different answer options, the
response was rarely unequivocal. Each individual
response was credited by a score determined on the
basis of the distribution of responses given by a
reference panel.18,19,26

Starting from the initial SCT format, we adapted the
test to assess skills of biomedical reasoning in
students not yet familiar with the process of clinical
diagnosis. The SCT had not previously been used for
this purpose. The present study was based on 48 SCT
questions with scenarios inspired by the clinical
vignettes used in the PBL seminars (APP and ARC).
The SCT scenarios were based on clinical cases
taken from PBL seminars on endocrinology: five cases
were sourced from Year 3 seminars (APP) and five
cases from Year 4 seminars (ARC). For each clinical
case, two SCT scenarios which aimed at the same
learning objectives were created, either in the

Table 1 Participant characteristics

Year 3 Year 4 Year 5 Year 6

Volunteers

Non-

participants Volunteers

Non-

participants Volunteers

Non-

participants Volunteers

Non-

participants

n 35 79 20 77 25 71 24 68

Gender, F ⁄ M 24 ⁄ 11 51 ⁄ 28 10 ⁄ 10 55 ⁄ 22 13 ⁄ 12 46 ⁄ 25 13 ⁄ 11 33 ⁄ 55

Mean score, Year 3 13.9 13.4 14.4 13.7 14.5* 13.3 14.1 13.5

Completed seminars

(endocrine system) at

the time of study

APP APP APP and ARC APP and ARC

Lectures on diagnosis

and treatment of

endocrine disorders

– – Done Done

Completed clerkship

(all disciplines) at the

time of study

– Half-time 4 months Half-time 12 months Half-time 12 months and

full-time 4 months

Reference panel 9 tutors involved in APP and ARC seminars about the endocrine system

* P < 0.05 versus non-participants Year 5.
F = female; M = male; APP = Apprentissage par Problèmes (problem-based learning); ARC = Apprentissage du Raisonnement Clinique
(clinical reasoning).
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original learning context or in a new context (in
which case characteristics differed from those of the
learning clinical cases). For each scenario, three
independent hypotheses were proposed, each fol-
lowed by newly given information. A single hypothesis
could be used three times, as in the example
provided in Table 2. The task was to evaluate the
impact of new information on the initial hypothesis.
From a total of 60 administered questions, 12 were
discarded by the reference panel because the sce-
nario was misunderstood as a result of unclear
writing.

Factual knowledge test: true ⁄ false test

A 120-question true ⁄ false test was elaborated. No
clinical scenario was presented in vignette in this test
format. The questions explored factual knowledge
through statements. They were related to the same
topics as the SCT, which enabled the comparison
between the maturation of biomedical reasoning and
the retention of factual knowledge during medical
studies. Sample questions are provided in Table 3.
For each true ⁄ false test answer, an ascertainment
degree22–24 was requested to measure how sure the
participant was of his or her response. The ascer-
tainment degree was given on a 6-point Likert scale

(Table 3) ranging from 0 (the response has a
probability of 0–25% of being correct) to 5 (the
response has a probability of 95–100% of being
correct). This validated scale22–24 has been used for
several years in the certificating evaluation at the
Faculty of Medicine at Liège. For each responder, the
mean ascertainment degree was calculated separately
for correct answers versus incorrect answers. The
difference between the mean ascertainment degrees
(correct–incorrect answers) was used as an estimate
of the capacity for self-discrimination between known
and unknown material.

Test administration

The tests were administered at the beginning of the
second quarter of the academic year (February
2007). All the students were gathered to complete
the tests at the same time. The reference panel
completed the tests before the students. Each
student and tutor started with the SCT, which was
followed by the true ⁄ false test. There was no time
limit. The tests were completed individually. We
asked the participants to answer all questions on
both tests. We created three different versions of
each test in which the questions appeared in a
pseudo-random order.

Table 2 Example of a script concordance test question and referee panel answers. A 50-year-old pre-menopausal woman shows up for a
routine visit in the Department of Occupational Medicine. Her body mass index is 28; she is sedentary. Glycosuria is found at screening urine
analysis

If the hypothesis is And you know that The hypothesis becomes

Reference

panel answer

Glycosuria results from

early-stage type 2 diabetes

The patient takes medication

for hypercholesterolaemia

Much less likely

Less likely 3

Not affected 6

More likely

Much more likely

Glycosuria results from

early-stage type 2 diabetes

Together with a fasting blood

sugar of 126 mg ⁄ dl,

plasma insulin level was high

Much less likely

Less likely

Not affected

More likely 2

Much more likely 7

Glycosuria results from

early-stage type 2 diabetes

She was fasting at the

time of urine collection

Much less likely

Less likely 1

Not affected 1

More likely 3

Much more likely 4
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Scoring process on the SCT

Responses to SCT questions were marked using a
modified scoring method.27 The original scoring
process used by Charlin and collaborators was ‘the
aggregate scoring process’.18,21 The score attributed
to the responder for each item of a question was
based on the proportion of panel members who had
selected the same answer. The maximum score was 1
for the modal answer. The number of panel members
who provided an answer on the Likert scale was
divided by the number of experts in the modal value
for the item. To give an example, we refer to the
referee responses to the sample question illustrated
in Table 2. On the last item, the highest number
(four of nine) of referees responded with ‘much
more likely’ on the Likert scale. This option was thus
credited with the maximum score of 1 point (4 ⁄ 4 [i.e.
the modal response]). Then, as three referees had
selected ‘more likely’ as a response, this option was
credited with 0.75 points (3 ⁄ 4). The answers ‘not
affected’ and ‘less likely’ were credited with 0.25
points (1 ⁄ 4) each. The answer(s) not selected by any
of the panel members (‘much less likely’ in this
example) received no credit, whether they were close
to or far from the modal answer. Here, the scoring
method used by Charlin et al. was adapted using the
kappa coefficients methodology27 to account for
scores obtained fortuitously. A weighted kappa coef-
ficient28 quantified the agreement between two raters
on an ordinal scale and corrected for agreement
resulting from chance. This methodology was
extended to quantify the agreement between the
reference panel and a responder. The weights
permitted higher scores to be assigned to responses
closer to the modal response(s) given by the refer-
ence panel. The weights were derived from the
reference panel responses by computing the
frequency distribution of the number of category
differences separating two experts’ responses for all
possible pairs of experts. This led to a weighting of

1.00 for a category of the Likert scale consistent with
the modal response of the reference panel, a
weighting of 0.96 for the adjacent categories and
weightings of 0.19, 0.06 and 0.00 at distances of two,
three and four categories, respectively. Cohen’s
kappa coefficient for the reference panel was also
calculated.

Statistical analysis

The results on the SCT and true ⁄ false tests were
expressed as mean (± standard deviation [SD]).
On the SCT, the effect of experience (curriculum
level) of the responders was tested using a one-way
ANOVA. On the true ⁄ false test, Cronbach’s alpha
was used to assess reliability and performances
throughout the curriculum were analysed using a
one-way ANOVA. The ascertainment degree was anal-
ysed using a repeated-measures ANOVA with the
correctness of answer as a within-subjects factor.

Subsequent a priori planned comparisons were used
to determine significant differences. Pearson’s
correlations were used to characterise the association
between SCT and true ⁄ false test scores and between
SCT and the self-discrimination of knowledge
(estimated by the difference between ascertainment
degrees for correct and incorrect answers on the
true ⁄ false test). Missing data were kept as such. The
results were considered to be significant at the 5%
probability level (P < 0.05).

RESULTS

SCT scores

The mean scores of the five groups are given in
Table 4. The mean scores differed significantly
among the five groups (F[4,108] = 12.56, P < 0.0001).
More specifically, the reference panel showed

Table 3 Examples of true ⁄ false (T ⁄ F) test questions

Questions T ⁄ F Ascertainment degree

1 In the adipose tissue, insulin activates fatty acid

synthesis

0 1 2 3 4 5

0% 25% 50% 70% 85% 95% 100%

2 Insulin causes an increase in plasma-free fatty acid

concentrations

0 1 2 3 4 5

0% 25% 50% 70% 85% 95%100%

3 The insulin receptor has enhanced affinity for

insulin in type 2 diabetes

0 1 2 3 4 5

0% 25% 50% 70% 85% 95% 100%

A Collard et al
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higher scores than all groups of students; students
in Years 5 and 6 obtained higher scores than
students in earlier years (Years 3 and 4), with a
reduced scattering of the data as indicated by the
SDs. As shown in Fig. 1, the maturational increase
in SCT scores was observed similarly using questions
related to PBL seminars run in Year 3 (APP) and
in Years 4 and 5 (ARC). It was noteworthy that
students in Years 3 and 4 performed better on ARC
than APP questions, although the former had
not yet attended any ARC seminars and the
latter had not yet attended endocrinology ARC
seminars.

True ⁄ false test scores and ascertainment degree

Cronbach’s alpha coefficient was 0.79 for the
true ⁄ false test, indicating acceptable reliability.
The mean scores of the five groups are given in
Table 4 and shown in Fig. 1. Results of the
true ⁄ false test differed among the groups
(F[4,108] = 10.54, P < 0.0001). The scores of Year 3
students were significantly higher (P < 0.05) than
the scores obtained by all other student groups
(Years 4–6). Moreover, the scores of the refer-
ence panel did not significantly differ from those of

Year 3 students, but were higher than those of
students in Years 4 and 6.

Ascertainment degree analysis showed significantly
higher scores for correct than for incorrect
responses (F[1,108] = 224.11, P < 0.0001), whatever
the group of participants. The individual differ-
ences in ascertainment degree between correct and
incorrect answers are shown in Fig. 2. The data
show similar values and distributions in the four
student groups, as well as among the tutors. No
significant correlation was found in any group
between ascertainment degree for correct
answers and the difference between ascertainment
degrees for correct and incorrect answers (data not
shown).

SCT scores versus true ⁄ false test scores and
ascertainment degree

Although the SCT scores increased during the med-
ical education curriculum, the true ⁄ false test scores
decreased after Year 3 (Table 4, Fig. 1). Because the
differences in SCT scores were not significant
between Years 3 and 4, and Years 5 and 6,
respectively, these groups were combined for the

Table 4 Script concordance test (SCT) score, true ⁄ false test score and ascertainment degree in relation to level of study in a medical
curriculum

Group (n)

SCT score

True ⁄ false test

Score

Ascertainment degree (%)

Correct answers Incorrect answers

Mean SD Mean SD Mean SD Mean SD

Year 3 (35) 0.57 0.16 75.8* 8.22 71.1� 11.9 60.3 14.9

Year 4 (20) 0.55 0.15 65.6 6.16 57.8� 15.1 49.8 13.7

Year 5 (25) 0.67� 0.10 68.6 3.90 68.2� 10.1 58.4 11.3

Year 6 (24) 0.64� 0.11 66.3 6.29 58.2� 12.6 48.6 13.4

Tutors (9) 0.79§ 0.05 72.6 7.46 68.7� 15.6 55.1 17.1

Script concordance test scores are Cohen’s kappa scoring the degree of agreement between the individual responder and the whole panel
of tutors in the different groups. They vary between ) 1 and + 1.
True ⁄ false data included the test score and the ascertainment degree for correct and incorrect answers. The true ⁄ false test scores vary
between 0 and 100.
* P < 0.05 versus Years 4–6.
� P < 0.05 versus ascertainment degree for incorrect answers.
� P < 0.05 versus Years 3 and 4.
§ P < 0.05 versus Years 3–6.
SD = standard deviation.
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Figure 2 Individual differences between ascertainment degrees provided for correct and incorrect answers at four stages in the
medical curriculum and in tutors
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Figure 1 Changes in reasoning skills (evaluated using Cohen’s kappa for the script concordance test [SCT]) and knowledge
retention (evaluated through scores on the true ⁄ false test) occurring throughout a medical curriculum (Years 3–6) in com-
parison with those of a panel of tutors. The SCT data are shown separately for questions related to problem-based learning
(Apprentissage par Problèmes [APP]) seminars (run in Year 3) and clinical reasoning (Apprentissage du Raisonnement
Clinique [ARC]) seminars (run in Years 4 and 5)

A Collard et al

860 ª Blackwell Publishing Ltd 2009. MEDICAL EDUCATION 2009; 43: 854–865



correlation analysis. A significant positive correlation
(Fig. 3) between SCT scores and true ⁄ false test scores
was observed for students in Years 3 and 4 (r = 0.53,
P < 0.0001), but not for those in Years 5 and 6
(r = 0.07, P = 0.64). A significant positive correla-
tion between SCT scores and differences in ascer-
tainment degrees for correct and incorrect answers
(Fig. 4) was observed for all students (Years 3 and
4: r = 0.37, P = 0.006; Years 5 and 6: r = 0.32,
P = 0.03).

DISCUSSION

It appears from the present study that the SCT can be
adapted to assess biomedical and clinical reasoning at
different stages in a medical curriculum. There are
several validation issues that must be addressed.
Validity of the content refers to consistency with
teaching content, which was ensured by involving
two teachers in the writing of the test. Validation for
clarity of writing would have required pre-validation
of the SCT questions with tutors and students. This,
however, would have resulted in the exclusion of
those test persons from an already limited group of
participants. Therefore, we elected to first administer
the whole test to both the students and tutors and
then, in a second process, to review the questions for

clarity and consistency with the panel of tutors.
Following this process, 12 of the 60 questions were
invalidated and were not included in the analysis. The
significance of our adapted SCT for assessment of
reasoning skills was unfortunately not validated
directly. We thought about making a possible valida-
tion through correlating the SCT scores with notes
obtained at a certificating examination which involved
a pathophysiological discussion of a short clinical
scenario. However, this was incompatible with the
anonymous and non-certificating nature of our study.

Although this is the first time that SCT scores have
been shown to increase in the course of a PBL
medical education, our findings are consistent with
observations made later during training, which show
that SCT scores of expert doctors are increased over
those of postgraduate students.17–21 It is of note that
the reasoning skills of Year 3 students were already
obvious and could be applied in the context of ARC-
related scenarios to which those students had not
been previously exposed. Such a finding suggests that
reasoning skills can be transferred to a context that
differs from that in which they were learned. The SCT
results show a significant maturational increase in
terms of biomedical and clinical reasoning capacity
between the two earlier and two later year groups
studied. These outcomes confirm previous findings
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Figure 3 Comparisons of correlations between scores on the true ⁄ false test and the script concordance test in two groups of
medical students at different stages in the curriculum
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showing that gaining experience and being exposed
to patients contributes to the development of clinical
reasoning.2 This is consistent with the substantial
increase in the time periods our students spend in
clerkships during Years 5 and 6 in comparison with
Years 3 and 4. However, evaluation of the possible
contributions of PBL seminars or clerkships or any
other learning activity in this maturation process was
not the aim of the present study. Because our training
curriculum uses a mixed system which combines PBL
seminars and other modalities, including formal
lectures, it would be almost impossible to establish
whether the skills observed on the SCT are related to
a specific part of or change in training. Rather, it is
fair to state that the introduction of PBL seminars
into the curriculum was a reason for teachers and
students to promote reasoning skills and for us, as
investigators, to attempt an evaluation of those skills.

A strength of this study concerns the original appli-
cation of a single reasoning test throughout the
medical curriculum in a cross-sectional sample of
students, all of whom experienced similar learning
conditions, including PBL seminars. A longitudinal
prospective study would carry some added value as it
would result in increased homogeneity and compa-
rability within the student sample. However, in such
conditions, different tests bearing on different topics

would be administered, thus diminishing their
comparability. In addition, enhancements in student
capacity as the curriculum progresses, which reflect
students’ increasing familiarity with a new testing
procedure, may bias a longitudinal study. Finally, the
number of student volunteers may decrease with time
and invalidate the study through an insufficient
number of participants.

Results on the true ⁄ false test revealed that student
scores decreased in Years 4–6 of the curriculum,
compared with those of Year 3 students, which
were not significantly different from those of the
reference panel. The higher scores obtained by Year 3
students may be explained by the fact that these
students had just sat an examination on the topic
involved in the test and were still easily able to
retrieve the knowledge acquired from their memory.
For students in the later year groups, this knowl-
edge might be more difficult to retrieve because a
longer period had elapsed since it had been
learned and other unrelated knowledge had been
processed in the interim. Moreover, organisation of
the knowledge network may mature less rapidly
than acquisition of knowledge, which would
account for a lower yield of reactivation, particu-
larly in a test in which contextualised information is
not triggered. The knowledge networks of the
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Figure 4 Correlations between script concordance test scores and differences between ascertainment degrees for correct and
incorrect answers on the true ⁄ false test compared in two groups of medical students at different stages in the curriculum
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reference panel may have been better organised and
more easily activated because the panel consisted
of specialists in the study domain who processed the
information in their daily practice. Expert involve-
ment in the clinical practice of endocrinology was
more likely to account for the higher scores on the
true ⁄ false test than global expertise independent of
the study domain. These observations are consis-
tent with the data reported by Boshuizen and
Schmidt13 and with their encapsulation theory,
which proposes that basic knowledge is still available
even if experts do not process basic knowledge in
itself when they make a diagnosis.13,15,29,30 In addi-
tion, some members of the reference panel taught
endocrinology and therefore regularly reactivated
and manipulated knowledge in this particular
domain. Presumably, the true ⁄ false test study of
performances of expert doctors in a domain other
than endocrinology would result in a performance
level similar to or lower than that of Year 6 students.

The increasing scores on the biomedical reasoning
test and the decreasing scores on the factual knowl-
edge test throughout the medical curriculum were
in line with results of studies comparing performance
in remembering tasks and application tasks.16 In
some studies evaluating the maturation of clinical
reasoning and knowledge, both reasoning and
knowledge were found to increase during the
curriculum. In this particular case, however, knowl-
edge was evaluated in a contextualised diagnostic
processing31,32 (based on clinical scenarios). By
contrast, the retention of knowledge acquired in the
first years of training was studied here through
non-contextualised questions. Thus, the discrepancy
between the two studies might suggest the facilitating
impact of context on knowledge retrieval. This
hypothesis could be substantiated in a study address-
ing this issue specifically, bearing in mind that the
effects of context on knowledge retrieval from the
memory network should be differentiated from
the possible role played by context at the time of
knowledge acquisition (i.e. during a learning process,
such as PBL seminars).

A positive correlation between scores on the SCT and
the true ⁄ false test was observed for students in the
earlier years (Years 3 and 4), but not for those in the
later years. Such correlations suggest that, in students
at the beginning of a PBL curriculum, clinical
reasoning skills are directly linked with level of
background knowledge. The absence of any signifi-
cant correlation in students in the later years may
indicate that a relative independence of factual
knowledge and clinical reasoning has developed

with experience. Throughout maturation,
reasoning may become more related to experience
and matching with known cases, whereas knowl-
edge is not influenced in the same manner. Accord-
ing to Patel et al.,33 expert performance is not a
result of generally superior memory skills. It is, rather,
a function of a well-organised knowledge base
equipped to recognise a familiar configuration of
stimuli. This superior quality of experts’ mental
representations allows them to rapidly select and use
relevant information, and to adapt the processing of
information to changing circumstances. As practitio-
ners gain experience in executing a task, their
performance becomes increasingly smooth, efficient
and automatic.31 The difference between expert and
less skilled individuals is not merely a matter of the
amount and complexity of accumulated knowledge; it
mostly reflects qualitative differences in cognitive
strategies, knowledge organisation and problem rep-
resentations.33 This concept is consistent with our
finding that reasoning capacity increases throughout
the medical curriculum. It is, however, interesting
to observe that Year 3 medical students show obvious
reasoning skills. Further studies are warranted to
delineate the possible determinants of such early
development of reasoning capacity, especially the
possible contribution of PBL seminars.

The difference between ascertainment degrees
provided for correct and incorrect answers on the
true ⁄ false test has been used here to indicate the
capacity of self-estimation of core knowledge on
the part of the participants. It was anticipated that,
when maximal, such a capacity would result in degrees
of ascertainment that were high for correct answers
and low for incorrect answers, and that this would be
translated into a marked difference between the two
degrees. By contrast, a minimal self-estimation capacity
would be translated into a small difference. This
capacity, however, was not related to experience as
there were no differences among the four groups of
students and the tutors. Furthermore, the capacity to
discriminate correct and incorrect answers was not
related to the global level of ascertainment for correct
answers. A positive correlation between SCT scores and
the differences in ascertainment for correct and
incorrect answers on the true ⁄ false test was observed in
all student groups. These results suggest that either the
ability to discriminate what is known and what is
unknown has common determinants with reasoning
capacity, or that the two parameters can influence each
other. The higher the difference between the ascer-
tainment degrees provided for correct and incorrect
answers, the better the reasoning capacity. This finding
is crucial because the effectiveness of reasoning
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depends on the correctness of the knowledge retrieved
during the reasoning process. Such an issue is worthy
of further study, especially in a PBL curriculum where
reasoning capacity is stimulated early in the training.

In summary, in a 7-year medical curriculum in which
PBL seminars are integrated with other learning
modalities, Year 3 students demonstrated acquired
reasoning skills (assessed through an adapted SCT)
that they were able to transfer into a new context.
These skills increased throughout the curriculum,
whereas knowledge retention showed a rapid reduc-
tion. A direct correlation between knowledge and
reasoning skills was observed initially and disap-
peared with maturation. A new finding, however,
showed that student capacity to self-estimate core
knowledge was directly related to reasoning skills in
the four year groups studied. In further research, it
would be interesting to compare these results with
those of other tests assessing the same processes of
knowledge retention and biomedical reasoning that
we studied here. In addition, the relationship
between reasoning, and knowledge and its self-
assessment, should be investigated in more depth.
From an educational perspective, the extent to which
the individual student is stimulated to develop
reasoning skills and to validate his or her core
knowledge in the learning activities appears to be
important. It may be that greater emphasis is more
commonly placed on the former aspect in PBL and
on the latter in formal lectures. In further research,
we will investigate the possible impact of activities
integrated into APP seminars and directed towards
self-estimation of core knowledge.
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Médecine. Rev Med Liege 2004;59 (12):717–30.

13 Boshuizen HPA, Schmidt HG. On the role of biomed-
ical knowledge in clinical reasoning by experts, inter-
mediates and novices. Cogn Sci 1992;16:153–84.

14 Patel VL, Groen GJ. Knowledge-based solution
strategies in medical reasoning. Cogn Sci 1986;10:91–
110.

15 Schmidt HG, Rikers R. How expertise develops in
medicine: knowledge encapsulation and illness script
formation. Med Educ 2007;41:1133–9.

A Collard et al

864 ª Blackwell Publishing Ltd 2009. MEDICAL EDUCATION 2009; 43: 854–865



16 Semb GB, Ellis JA. Knowledge taught in school: what is
remembered? Rev Educ Res 1994;64 (2):253–86.

17 Caire F, Sol JC, Charlin B, Isodori P, Moreau JJ. Le test
de concordance de script (TCS) comme outil d’évalu-
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