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ABSTRACT
Since 2000, the faculty of Medicine at the University of Liège has
integrated problem-based learning (PBL) seminars from year two
to seven in its seven-year curriculum. The PBL approach has been
developed to facilitate students’ acquisition of reasoning capacity.
This contextualized learning raises the question of the de- and re-
contextualization process and its development during medical
education. The aim is to assess transfer capacity of knowledge
acquired through contextualized learning. A script concordance
test (SCT) to assess clinical reasoning was administered to 104
volunteer students from year three to six of the Faculty of
Medicine, and to a reference panel. The SCT has been created to
measure, in a standardized way, reasoning capacity for ill-defined
clinical problems. We used clinical cases from PBL seminars
related to endocrinology from the third- and fifth-year (APP
[Apprentissage Par Problèmes] and ARC [Apprentissage du
Raisonnement Clinique] seminars). Two SCT scenarios aiming at
the same learning objectives were created: one in the original
learning context and one in a different, new context. Irrespective
of the learning context, the reference panel showed higher scores
than all groups of students. Students in year five and six obtained
higher scores than younger students. A significant difference was
also found in relation to the context (original/new) of the
question. Higher scores were unexpectedly obtained for questions
related to ARC cases than APP cases and in new contexts versus
original ones, irrespective of the study level. The highest score
was obtained for fifth-year cases in a new context. This study
shows that from third year, students are able to transfer the
knowledge acquired throughout PBL seminars for application to
questions with information out of the learning context. Moreover,
reasoning capacity grows with experience, irrespective of the
process of transfer.

ARTICLE HISTORY
Received 26 January 2014
Accepted 14 December 2014

KEYWORDS
assessment; knowledge;
medical education; problem-
based learning

Introduction

One of the most important learning aims is to develop the capacity to use knowledge
acquired in one context to solve a new dissimilar problem in another context. This
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phenomenon is identified in cognitive psychology as transfer capacity. It is a real difficulty
to use basic knowledge acquired during the learning process to solve or explain a new
problem. In accordance with this known difficulty, Norman (2009, p. 808) wrote ‘typically,
students who have learned a concept in one problem context will only have a 10–30%
success rate in applying the concept to solve a new problem’. Johnson, Dixon, Daugherty,
and Lawanto (2011) have reported the inability of students to recognize the transferability
of concepts learned from solving well-structured problems in the classroom to ill-struc-
tured problems faced outside of the classroom. This observation raises the question of
whether the lack of transfer capacity results from absent or insufficient training, or inade-
quacy of learning conditions as compared to problem-solving conditions. The latter
hypothesis is supported by research on the capacity of generalization or transfer where
the issue of factors influencing access to memory has been addressed. The results of
these studies show that the environment in which learning occurs: the room; the time
of the day: the surrounding noise,… (McGeoch, 1932; Smith, 1988; Smith & Vela,
2001) or the characteristics of the learners, such as experience or knowledge (Eva,
Neville, & Norman, 1998), as well as emotions, can influence the retrieval of information
from memory. This phenomenon was identified during the 1970s by Tulving and
Thomson (1973) as ‘context specificity’ (Smith & Vela, 2001).

In medical education, it is not uncommon that students, after passing exams success-
fully, are still unable to apply the acquired knowledge to solve a new problem (Norman,
2009). Such observations have led to revised educational strategies like the implementation
of problem-based learning (PBL) throughout the medical curriculum with the aim of
better integration of basic science with clinical problems. The specificity of PBL is learning
from clinical cases, including basic sciences, in other words contextualization of learning.
Using clinical cases in PBL gives students the opportunity to be closer to the real pro-
fessional world and, therefore, can enhance students’ general learning (Herbert & Burt,
2001) transfer and problem-solving skills (Hmelo-Silver, 2004). The cognitive approach
has largely demonstrated the positive impact of integrated learning on storage and retrie-
val of information and also on reasoning and problem-solving capacity (Chi, Feltovich, &
Glaser, 1981; Chi, Glaser, & Farr, 1988; DeGroot, 1965; Lesgold et al., 1988; Newell &
Simon, 1972). When students are more actively involved in learning – exploring by them-
selves the learning material, collecting and analysing data – they tend to have more stable
long-term memory structures and a higher level of memory performance (Herbert & Burt,
2001).

Since 2000, the faculty of Medicine at the University of Liège has integrated PBL semi-
nars from year two to seven, in its seven-year curriculum (Boniver, 2004). The PBL
approach has been developed to facilitate students’ process of acquisition, organization
and retrieval of knowledge (Norman & Schmidt, 1992; Regehr & Norman, 1996;
Schmidt, 1983; Van Gessel, Nendaz, Vermeulen, Junod, & Vu, 2003).

PBL, however, still faces the question of the difficulty of knowledge transfer after being
acquired in a specific context. Thus, it is up to the individual student to extract knowledge
from clinical cases and transfer that knowledge to new contexts. The student has to
retrieve a learned concept to apply that concept in understanding and solving a new
problem. Thus, the difficulty not only involves extraction and transfer of information
but also lies in the mental representation, the abstraction and organization of the knowl-
edge base. To use a concept for solving a problem, the common features that the new
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problem shares with a concept acquired must be recognized (Norman, 2009). With the
experience of a concept in varying contexts, the knowledge is more likely to become
decontextualized, not dependent on contextual cues, and understanding is at a more
abstract level (Herbert & Burt, 2001). Expert problem-solvers remember the underlying
conceptual structure that makes two problems similar although they have different
surface features. By contrast, novice problem-solvers tend to prioritize surface similarities
between problems (Sutton, 2003). This ability makes the transfer of concepts easier
because of the conscious effort to abstract knowledge and concepts from one context
for application to another (Johnson, 1995). Sometimes the new problem context has
clues that do exactly match a problem already solved but more frequently, it does not
look analogous on the surface. Then, the transfer task is more difficult because in order
to identify the analogies, the process must take place at the level of the deep structure
of the problem (Norman, 2009). As an example, a systolic murmur at the aortic valves
will be interpreted by the novice as a turbulence of blood flow generating a murmur
like in stenosis of other heart valves. In contrast, the expert will rapidly think in terms
of consequences of malfunction of this particular valve for pressure upstream in the left
heart and flow rate and blood supply downstream in organs including heart.

In the cognitive perspective of learning process, it is proposed that learning progresses
through interpretation of new knowledge in the light of what is already known (Norman,
2009). A well-organized knowledge base and efficient integration of any new learning with
what a student already knows are predictors of the transfer capacity (Dixon & Brown,
2012). Without an extensive and organized knowledge base, transfer strategies are less
likely to operate outside the instructional context since there is nothing, or too little, to
connect together (Haskell, 2001). Experts not only have an appropriate knowledge base
in their long-termmemory, but they also have the ability to access and use that knowledge.
An important difference between experts and novices is how their knowledge base is orga-
nized (Glaser, 1987). A structured knowledge enables experts to ‘see into’ a problem more
quickly than novices. Further, this difference enables them to more precisely encode and
store information. As a consequence, access to and retrieval of relevant information is
more efficient. Haskell considers that knowledge base is an absolute requirement not
only for transfer but also for thinking and reasoning. Along the same line, Galloti
(1989, p. 338) concluded:

it appears that some of what predicts good everyday reasoning is the breadth and depth of the
knowledge base. The knowledge that one possesses affects the type of mental models that one
can construct as well as the type of problems that can even be recognized.

In the medical domain, Regehr and Norman (1996) suggested that expertise is charac-
terized by ‘scripts’, that is, construction of knowledge networks that connect specific
experiences (contextualized information), and/or abstract concepts (de-contextualized
information). The cognitive approach identifies major differences between experts’
scripts and novices’ scripts. With experience, physicians develop more extensive and
better organized scripts (Custers, Boshuizen, & Schmidt, 1998; Feltovitch & Barrows,
1984; Schmidt, Norman, & Boshuizen, 1990). Expertise also enhances pattern of infor-
mation perception, and then, activation of scripts (Custers, Boshuizen, & Schmidt,
1996). Some argued that experienced physicians show superior performance in relevant
script activation from prior information available at the first step of clinical reasoning
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(Elstein, Shulman, & Sprafka, 1978), even with limited information (Hobus, Boshuizen, &
Schmidt, 1990; Hobus, Hofstra, Boshuizen, & Schmidt, 1988; Hobus, Schmidt, Boshuizen,
& Patel, 1987; Hofstra, Hobus, Boshuizen, & Schmidt, 1988). Finally, with experience, the
capacity of information processing progresses, in rapidity and accuracy. According to
knowledge and experience, experts are able to filter relevant information and then prior-
itize it. With PBL settings, the aim is to help the student integrate new information in a
rich and connected knowledge network that would be later activated (illness scripts)
(Barrows, 1986). PBL promotes transfer skills, on top of clinical reasoning skills (Dixon
& Brown, 2012; Hmelo-Silver, 2004).

The present study addresses, in a PBL setting, the de- and re-contextualization process
and its development during medical education. The aim is to assess the capacity to use
knowledge acquired through contextualized learning into a new reasoning task. We
have hypothesized that, through the multiple opportunities to encounter knowledge in
different contexts, PBL makes decontextualized concepts more usable and improves
that transfer capacity. During the curriculum, students are exposed to different learning
modules involving endocrinology both in APP (Apprentissage Par Problèmes) seminars
starting from second year and through lectures (see Table 1). Are students able to use
that knowledge in new tasks and from what stage in that cursus? The investigation
tools involved a script concordance test (SCT) (Caire, Sol, Charlin, Isodori, & Moreau,
2004; Charlin, Gagnon, Sibert, Van der Vleuten, 2002; Charlin, Roy, Brailovsky, Goulet,
& Van der Vleuten, 2000; Charlin & St-Jean, 2002; Charlin & Van Der Vleuten, 2004)
to assess clinical reasoning throughout the curriculum (year two to six). The SCT has
been created to measure, in a standardized way, reasoning capacity for ill-defined clinical
problems.

Methods

Participants

The study was based on 104 volunteer students from years three to six of the Faculty
of Medicine at the University of Liège (with a minimum of 20 students for each study
year). Endocrinology was the selected topic of the investigations. The students differed
according to the PBL seminars and the clerkship period they had attended (Table 1).
In the second and third years, the students learned the structure and normal function-
ing of the human body systems, through APP seminars. In the clinical cases used for
APP seminars, reasoning aimed at identifying among the observations (history, exam-
ination, complementary assessment, treatment) those that needed to be explained and
providing relevant explanations. In the clinical cases used for ARC (Apprentissage du

Table 1. Characteristics of the participants.
Year of the curriculum 3rd 4th 5th 6th

Training completed (endocrine system) at the
time of study

APP
seminars

APP
seminars

APP and ARC
seminars

APP and ARC
seminars

Lectures on diagnosis and treatment of
endocrine disorders

– – Done Done

N participants/N total 35/114 20/100 25/96 24/92
Reference panel 9 tutors involved in APP and ARC seminars about the endocrine system
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Raisonnement Clinique) seminars, the aim of reasoning was much more focused:
obtaining information (history, examination, complementary assessment) to raise diag-
nostic hypotheses as early as possible and prioritizing one hypothesis as a proposed
diagnosis. In years four and five, the diagnostic and therapeutic bases of diseases of
the different systems were learned through lectures and ARC seminars. Written
informed consent was obtained from the participants who responded to the test ques-
tions anonymously.

Among the tutors handling the PBL seminars, nine served as a reference panel for SCT
scoring (see below). Two teachers wrote the test questions.

Testing procedure

Originally, an SCT question consisted of a short and incomplete clinical scenario which is
challenging even for an expert. Following the scenario, a diagnostic or management
hypothesis was proposed, and then new information was provided. The responders
have to assess the impact of this new information on the initial diagnostic or management
hypothesis. The response is given on a 5-point Likert scale. Each individual response is
credited by a score calculated on the basis of the distribution of responses given by a refer-
ence panel (Charlin et al., 2002; Charlin, Roy, et al., 2000; Charlin, Tardif, & Boshuizen,
2000).

While keeping the original SCT format, we adapted the test to assess skills of clinical
reasoning and knowledge transfer in young students not yet familiar with the diagnostic
process. We used clinical cases from PBL seminars related to endocrinology: five cases
from third-year seminars (APP) and five cases from fourth-year seminars (ARC). For
each clinical case, two SCT scenarios aiming at the same learning objectives were
created: one in the original learning context and one in a different, new context. The ‘Orig-
inal Context’ scenarios involved information coming only from the clinical cases of PBL
seminars used for learning purposes, without any irrelevant information. In addition, the
physiological function was disturbed in the same way as in the learning case. The ‘New
Context’ scenarios involved information that was new (different from the learning clinical
cases) and mixed with some irrelevant information (i.e., that was not usable for reasoning
in this particular case). The physiological function was disturbed differently from the
learning case. Table 2(a and b) gives an example of these two series of questions. For
each scenario, three independent hypotheses were proposed, each followed by additional
new information.

The present study was based on 48 SCT questions, including 22 APP and 26 ARC ques-
tions. Those 48 questions were validated by the reference panel, whereas 12 questions were
discarded based on two exclusion criteria (ambiguous or confusing writing and/or content
out of the learning objectives).

Scoring of SCT

The original scoring method developed by Charlin and collaborators was ‘the aggregate
scoring process’ (Charlin et al., 2002; Charlin & Van Der Vleuten, 2004). The participants’
response to each item is compared with the response of the panel members. The score was
attributed to each responder based on how many of panel members have chosen the same
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response. A maximum score of 1 was given for the modal answer. Other responses are
given a partial credit depending on the number of panel members who provided that
answer. For example, on a given item, if eight (out of 10) members of the reference
panel responded ‘much less likely’ on the Likert scale, this option was credited by the
maximum score of 1 point (8/8, i.e., the modal response). Then, if two members selected
‘no effect’ as response, this option was credited 0.25 point (2/8). The answers not selected
by any of the panel members received no credit whether they were close to or far from the
modal answer.

That scoring process was adapted for this study using the kappa coefficients method-
ology (Vanbelle, Massart, Giet, & Albert, 2007). Weighted kappa coefficients (Cohen,
1968) quantified the agreement between two raters on an ordinal scale and corrected
for agreement due to chance. This methodology was extended to quantify the agreement
between the reference panel and a responder. The weights permitted to assign higher
scores to responses closer to the modal response(s) given by the reference panel. The
weights were derived from the reference panel responses by computing the frequency dis-
tribution of the number of category differences separating two experts’ responses of all
possible pairs of experts. This led to a weight equal to 1 given for a category of the
Likert scale consistent with the modal response of the reference panel, a weight of 0.96
for the adjacent categories and weights of 0.19, 0.06 and 0 at a distance of 2, 3 and 4 cat-
egories, respectively. Cohen’s kappa coefficient in the reference panel was also calculated
(Collard et al., 2009).

Statistical analysis

For each category of SCT question (APP Original Context, APP New Context, ARC Orig-
inal Context and ARC New Context), the performances were determined using a modified
scoring method (Vanbelle et al., 2007). The results were expressed as mean (±95%CI). The
effect of experience (curriculum level) of the responders was tested using a two-way
ANOVA, with activity (APP vs. ARC) and context (Original vs. New) as within factors.

Table 2. Examples of SCT questions in ‘original context’ (a) and in ‘new context’ (b) with the element of
the original context in italics.
(a) A young women with Hashimoto’s thyroiditis treated by 75 µg/day of L-thyroxine complains about tiredness, loss of hair and
intolerance to coldness

If the hypothesis is And you are informed that
The hypothesis

becomes
Answer of ref.

panel

The dose of thyroxine is insufficient Reverse T3 serum levels are in the
normal range

Much less likely
Less likely
Not affected
More likely
Much more likely

–
3
6
–
–

(b) A young man is admitted in the emergency room for drug intoxication. He could have taken 12 tablets (6 g as a whole)
of aspirin and 10 tablets (2 mg as a whole) of L-thyroxine. His heart rate is 72/min.

If the hypothesis is And you are informed that
The hypothesis

becomes
Answer of ref.

panel

The patient took less medication
than suspected

The medications were taken 1 hour
before admission

Much less likely
Less likely
Not affected
More likely
Much more likely

1
7
1
–
–
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Planned comparisons were used to determine significant differences. The results were con-
sidered to be significant at the 5% probability level (P < .05).

Results

SCT scores

The mean scores of the five groups (students of years three to six and referents) for the
four categories of questions are given in Table 3. The mean scores were significantly differ-
ent among the five groups (F(4, 108) = 12.56; P < .0001). More specifically, the reference
panel showed higher scores (P < .05) than all groups of students; students in years five
and six obtained higher scores (P < .05) than younger students (years three and four).
Significant differences were found based on the level in the curriculum and the type
of seminar (APP/ARC) to which the question was related (F(1, 108) = 5.28; P < .05). A
significant difference was also found in relation to the context (Original/New) of the
question (F(1, 108) = 7.97; P < .001). Higher scores were unexpectedly obtained at ARC
than at APP and in new contexts versus original ones, irrespective of the study level
(Figure 1). Also, statistical analysis revealed a significant relation between the type of
seminar (APP/ARC) and the context of the question (Original/New) (F(1, 112) = 5.65;
P < .05). Planned comparisons showed a statistically significant difference between
ARC-related questions in a new context and the three other categories of questions
(P < .05).

Discussion

This study shows that as early as in the third year of the curriculum, students who have
experienced PBL seminars for one and a half years already have good reasoning and trans-
fer capacity. During the subsequent years, the SCT scores increase throughout the curri-
culum. The latter findings are consistent with the observations made later during training
and showing an increase in SCT scores between postgraduate students and expert phys-
icians (Caire et al., 2004; Charlin & St-Jean, 2002; Charlin, Roy, et al., 2000; Charlin
et al., 2002; Charlin & Van Der Vleuten, 2004). We have reported previously the increase
in reasoning maturation throughout the curriculum that was found to be correlated with
knowledge base as well as the capacity of core knowledge self-estimation (Collard et al.,
2009).

Table 3. Mean score and standard deviation (SD) in the different groups for the four categories of SCT
questions.

Group

APP questions ARC questions

All questionsOriginal context New context Original context New context
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Year 3 (n = 35) 0.55 (0.09) 0.58 (0.05) 0.54 (0.10) 0.61 (0.07) 0.57 (0.05)
Year 4 (n = 20) 0.51 (0.11) 0.55 (0.08) 0.49 (0.11) 0.67 (0.08) 0.55 (0.07)
Year 5 (n = 25) 0.61 (0.07) 0.64 (0.07) 0.69 (0.08) 0.73 (0.05) 0.67 (0.04)
Year 6 (n = 24) 0.63 (0.08) 0.61 (0.07) 0.57 (0.11) 0.74 (0.06) 0.64 (0.05)
Reference panel (n = 9) 0.76 (0.09) 0.76 (0.08) 0.79 (0.08) 0.84 (0.06) 0.79 (0.03)
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At each level in the curriculum, the students are able to transfer knowledge acquired
during learning into a new context. A specific effect of PBL seminars could not be deter-
mined since we could not compare with students trained without PBL seminars. Norman
(2009) has argued that substantial gain can be observed when students are engaging in
multiple teaching examples. The students are exposed to multiple contexts in learning
when it includes examples demonstrating wide application of what is being taught, as
in a PBL curriculum. Repeated experiences with the same information but in rather differ-
ent context result in a strengthening of the knowledge that is common to the varying
problem representation (Herbert & Burt, 2001, 2003, 2004). In such instances, students
develop a flexible representation of knowledge and are likely to abstract the relevant fea-
tures of concepts that make two unique problem scenarios similar (Gick & Holyoak, 1983;
Herbert & Burt, 2001; Spiro, Vispoel, Schmitz, Samarapungavan, & Boerger, 1987). To
train transfer capacity, PBL could be a relevant method because, as Norman stated: to
improve transfer, you have to link the concept learned to what is already known, use mul-
tiple examples to identify common deep structure and use mixed practice with multiple
examples to focus on identifying when a concept applies. According to Spiro, Feltovitch,
Jackson, and Coulton (1991), the difficulty in transferring concepts that students learn in
schools to the real world is due to the over simplification of educational material to make it
easier to teach. PBL does not suffer from a lack of context or an oversimplification of
content. Learning through problem-based activities can enhance students’ general learn-
ing transfer and problem-solving skills (Dixon & Brown, 2012; Hmelo-Silver, 2004).

Figure 1. Changes in SCT Score (mean ± % confidence interval) throughout the curriculum.
Note: The data are shown for APP and ARC questions, and in each category the scores are compared for
questions in the original learning context and in a new context.

8 A. COLLARD ET AL.
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Besides the expected findings that were described above, some unexpected observations
were made. First, the scores on ARC questions were higher than on APP questions for the
younger students (years three and four) though they had never attended ARC seminars.
Second, the scores obtained for questions in a new context were higher than questions
in the original learning context. The highest scores were obtained for new context ARC
questions whatever the group. Several explanations could be proposed. The ARC scenarios
of SCT were written on the basis of clinical cases discussed in the ARC seminars centred
on the diagnostic process while APP cases were constructed to meet the learning objectives
of basic sciences. So, the realistic nature of ARC cases might result in greater activation of
reasoning than APP cases.

The hypotheses proposed in SCT questions were, most of the time, different from the
hypotheses discussed in PBL seminars. Moreover, the additional information to be eval-
uated was out of the original learning context for all questions. Thus, the lower scores
obtained for original context questions could also involve possible interference created
by new information in SCT questions. A proactive interference could be created by the
first learning experience and entail difficulties for students when they analyse a familiar
case with discordant elements compared to the learning context (Bernstein, Penner,
Clarke-Stewart, & Roy, 2007). Transfer between tasks is a function of the similarity
between the tasks and learning experiences (Dixon & Brown, 2012). Transfer is, therefore,
affected by the context of the original learning; so processing new hypotheses and new
additional information in an already known context (i.e., the original learning context)
could be more difficult for students than treating new information in a new context
without interference. With experience, the clinicians develop a more flexible represen-
tation of knowledge and are likely to abstract the relevant features of concepts. Thus,
they are less influenced by contextual surface elements of a case. The interference phenom-
enon is, therefore, not so important for the tutor group.

In addition, even in a new context, if the responders generated a given hypothesis based
on the SCT scenario while the SCT proposed another hypothesis less likely for the student,
it could be difficult for them to ignore the hypothesis they generated when processing the
new information. Considering these possible biases in writing test material, the SCT ques-
tions used in further research could be selected on the basis of realism or plausibility of
both the SCT scenarios and hypotheses. A research design with think-aloud protocol or
a writing justification of each response could provide an explanation of the features that
influence reasoning and transfer capacity.

Conclusion

This study shows that from the third year, students are able to use the knowledge acquired
through PBL seminars for application to questions with information out of the learning
context. Moreover, reasoning capacity grows with experience, irrespective of the process
of transfer.
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