International Journal of Medical Education. 2018;9:35-41
ISSN: 2042-6372
DOI: 10.5116/ijme.5a5b.24a9

Iliness script development in pre-clinical
education through case-based clinical reasoning

training

Yvette Keemink, Eugene Custers, Savannah van Dijk, Olle ten Cate

Centre for Research and Development of Education, University Medical Centre Utrecht, The Netherlands

Correspondence: Eugéne Custers, Centre for Research and Development of Education, University Medical Centre Utrecht, PO Box
# 85500, 3508 GA Utrecht, The Netherlands. Email: E.J.F.M.Custers@umcutrecht.nl

Accepted: January 01, 2018

Abstract

Objectives: To assess illness script richness and maturity in
preclinical students after they attended a specifically struc-
tured instructional format, i.e., a case based clinical reason-
ing (CBCR) course.

Methods: In a within-subject experimental design, medical
students who had finished the CBCR course participated in
an illness script experiment. In the first session, richness and
maturity of students’ illness scripts for diseases discussed
during the CBCR course were compared to illness script rich-
ness and maturity for similar diseases not included in the
course. In the second session, diagnostic performance was
tested, to test for differences between CBCR cases and non-
CBCR cases. Scores on the CBCR course exam were related
to both experimental outcomes.

Results: Thirty-two medical students participated. Illness
script richness for CBCR diseases was almost 20% higher
than for non-CBCR diseases, on average 14.47 (SD=3.25)

versus 12.14 (SD=2.80), respectively (p<0.001). In addition,
students provided more information on Enabling Condi-
tions and less on Fault-related aspects of the disease. Diag-
nostic performance was better for the diseases discussed in
the CBCR course, mean score 1.63 (SD=0.32) versus 1.15
(SD=0.29) for non-CBCR diseases (p<0.001). A significant
correlation of exam results with recognition of CBCR cases
was found (r=0.571, p<0.001), but not with illness script rich-
ness (r=-0.006, p=NS).

Conclusions: The CBCR-course fosters early development of
clinical reasoning skills by increasing the illness script rich-
ness and diagnostic performance of pre-clinical students.
However, these results are disease-specific and therefore we
cannot conclude that students develop a more general clini-
cal reasoning ability.

Keywords: Clinical reasoning, undergraduate education,
illness scripts, case-based reasoning

Introduction

Clinical reasoning has been defined as the “inferential pro-
cesses for collecting and analyzing data and making judg-
ments or decisions about the diagnosis or treatment of pa-
tient problems”. Clinical reasoning training in the pre-
clinical phase is considered important,” but poses educa-
tional and conceptual challenges, as the development of clin-
ical reasoning ability requires both knowledge and clinical
experience.’

In the mind of an experienced clinician, diseases are rep-
resented as illness scripts.*® Script theory describes how in-
formation becomes structured in and is retrieved from long-
term memory to interpret and predict new information.” The
inclusion of patient knowledge enables diagnosticians to
quickly activate appropriate illness scripts in a diagnostic
context and to use this knowledge to decide on further diag-
nostic actions.*® Illness scripts consist of three components:
the Fault (pathophysiological mechanisms), the Enabling

Conditions (patient features and contextual factors) and the
Consequences, (signs and symptoms).*® Custers and col-
leagues added a fourth component which they considered a
‘bin’ that contained information on course of the disease (if
untreated), possible further diagnostic activities, frequency
of occurrence, and management.’ In the present study, we
chose to consider ‘Management’ as a separate component —
because this is extensively dealt with in medical education —
and to categorize all information that did not fit into one of
the four components (Enabling Conditions, Fault, Conse-
quences, or Management) in a fifth category, a bin dubbed
‘Miscellaneous’.

Illness scripts do not appear out of the blue; they develop
as a consequence of theoretical knowledge acquisition as well
as accumulated experience in a practical context. Preclinical
education enables students to build a limited repository of
illness scripts, with knowledge mostly centered around the
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Fault and its Consequences.” Rumelhart and Norman distin-
guish three forms of learning that, together, adequately de-
scribe the development of illness scripts.” The first, most
basic form of learning is accretion, which means accumulat-
ing new knowledge after appropriate exposure to facts. New
data structures are added to the existing memory database.
Scripts, however, derive their value from practical applicabil-
ity; hence, the theoretical knowledge acquired through accre-
tion needs to be tuned to enable use in a practical context.
Tuning is the process of functional adaptation of knowledge
to the context in which it is used. Finally, after repeated use
in a practical context, knowledge becomes fundamentally re-
structured. Restructuring enables individuals to directly in-
terpret incoming information, such as patient features and
symptoms, into illness script terms. Restructuring implies
that a clinician can easily infer a probable diagnosis on basis
of minimal information.' Less advanced students may very
well be able to infer symptoms when provided with a diagno-
sis but not the other way round. Their repository of illness
scripts needs to be tuned and restructured by practical expe-
rience before they can achieve this.

Before restructuring can occur, accretion and tuning are
the primary learning processes. Early in the medical curricu-
lum students are prepared for practical education in the
clinic. Most medical curricula require students to study clin-
ical textbooks and learn facts by heart. There are few exam-
ples of explicit approaches to train clinical reasoning in un-
dergraduate students; Schmidt and Mamede distinguish two
categories: knowledge-oriented and process-oriented ap-
proaches." There is limited evidence that knowledge-ori-
ented approaches have benefits in improving students’ clini-
cal reasoning, whereas process-oriented approaches are
largely ineffective."! This resonates with the Rumelhart and
Norman model,” which does not assign a specific role to rea-
soning per se in the development of complex knowledge
structures.

Course description

One method used to teach clinical reasoning is through Case-
Based Clinical Reasoning (CBCR) sessions. Since 1997, Uni-
versity Medical Centre Utrecht offers a CBCR course for
first- and second-year medical students, based on a model
developed at the University of Amsterdam.'>? The CBCR
course of the second year consists of nine sessions in small
groups (12-14 students) that meet every 3 to 4 weeks. Cases
are presented in a standard format that reflects the way pa-
tients present in a doctor’s office or clinic, even though no
real (or simulated) patients are involved. The case starts with
a vignette of the patient’s initial presentation, followed by
questions and assignments for the students. The case covers
all stages of the clinical encounter in their usual sequence
(history, physical examination, differential diagnosis, diag-
nostic testing, and management). As an entire session is de-
voted to only a single case, there is sufficient room for an ex-
tensive discussion of all (educationally) relevant aspects.
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CBCR sessions are led by two students from the group in
turn, in a peer teaching arrangement, and facilitated by a cli-
nician moderator (a final-year medical student, four years
the group members’ senior).” Though most of the Bachelor-
part of the curriculum deals with basic science, as it consists
of integrated blocks, students may already have some
knowledge of the diseases discussed in CBCR sessions. In
terms of Rumelhart and Norman,’ the emphasis is on tuning
and restructuring previously acquired knowledge, rather
than on accretion of new knowledge.

The assessment of the CBCR course includes a test con-
sisting of cases with multiple questions related to each case.
The questions are of extended matching format (where stu-
dents have to select multiple correct answers from a list of
options). This type of question is particularly suited to assess
students’ differential diagnostic thinking, their knowledge of
multiple physical symptoms, diagnostic tests and treatment
modalities, et cetera."!

Like its predecessor, the CBCR course has consistently
received favorable student evaluations.”'>' However, the ef-
fect of a CBCR course on the development of illness scripts
has never been investigated. Therefore, the aim of current
study was to assess the richness and maturity of illness scripts
in students after attending a CBCR course. Richness and ma-
turity are two important aspects of illness scripts; an illness
script is rich if it involves an elaborate mental representation
that can be used to generate relevant information on all four
illness script components. An illness script is mature if it can
be activated in a diagnostically relevant context. For this to
be possible, the emphasis in the script has to move, with in-
creasing expertise, from Fault-related aspects of the disease
(pathophysiological knowledge usually not being very help-
ful in the early stages of the diagnostic process) to Enabling
Conditions and Consequences, which are available early in
the consultation and play an important role in activation of
appropriate illness scripts.'® We know of no other courses
that explicitly aim to achieve this form of tuning and restruc-
turing of clinical knowledge. Thus, we investigated two re-
search questions:

1. Do students generate richer illness descriptions after being
probed with a CBCR diagnosis compared with an (equally
common) non-CBCR diagnosis, i.e., a disease not dealt with
in the course? And do they provide relatively more infor-
mation on the Enabling Conditions and Consequences aspect
of the illness script, compared with Fault-related information?

2. When presented with a CBCR case, are students more likely
to generate the correct diagnosis than when presented with an
(equally common) non-CBCR case, i.e., a case of a disease not
dealt with in the course?

We will also calculate correlations between students’ CBCR
course examination results and the outcome measures (ill-
ness script richness, correct diagnoses) in our study, to inves-
tigate whether students who score better on the test also per-
form better on the experimental tasks. Separate correlations
will be calculated for the CBCR and non-CBCR illnesses to



test whether the CBCR course has a general effect that ex-
tends to non-CBCR cases or is limited to diseases dealt with
in the course.

Methods

Study design and participants

We performed a within-subjects experimental study at the
University Medical Centre of Utrecht, the Netherlands. Par-
ticipants were second-year medical students who had partic-
ipated in the CBCR course and had completed the examina-
tion in 2016. Participants were excluded if they had missed
six or more out of twelve CBCR sessions or if they had not
completed the exam in the first run. A power analysis could
not be conducted because we had no information about the
size of the expected effect in advance. Students who volun-
teered to participate received a 10 Euro gift card and a lottery
ticket to win an iPad. This study was approved by the Ethical
Review Board of the Dutch Association for Medical Educa-
tion. Informed consent was obtained from all participants.

Collection of materials

The experiment was conducted in two consecutive sessions.
For the first session, a sample of five (of the nine) diseases
discussed during the year-2 CBCR course was selected
(“CBCR diseases”). This sample was supplemented with ten
other diseases of similar complexity and frequency of occur-
rence that did not receive specific emphasis in the curriculum
— though students may have learned about these diseases in a
non systematic way, they were not included in any examina-
tion in the regular curriculum (we carefully checked this).
We called the latter sample of ten diseases “non-CBCR dis-
eases.” The fifteen diseases selected formed the experimental
set used in the first session of the experiment (Table 1, left
column).

Table 1. llinesses used in the study

lliness script richness” Diagnostic accuracy”

Otitis media Multiple Sclerosis
Meningitis Parkinson’s disease
ADHD Gallstones

Atrial fibrillation Pericarditis

Mamma carcinoma Vulvovaginal Candidiasis
Polycystic ovarian syndrome Gonarthrosis

Graves’ disease Rheumatoid arthritis

Asthma Hashimoto hypothyroidism
Diverticulitis Herniated nucleus pulposus
Deep vein thrombosis Iron deficiency anemia
Migraine Benign prostatic hypertrophy
Delirium (Non) Hodgkin's lymphoma
Uterus myoma

Diabetes Mellitus

Crohn’s disease

‘Case-Based Clinical Reasoning (CBCR) diseases in italics

The materials for the second session consisted of twelve case
descriptions, four of which had been discussed extensively
during the year-2 CBCR course (“CBCR cases”). The
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remaining eight cases were “non-CBCR cases,” i.e., cases of
diseases not dealt with in the CBCR course. Students were
not familiar with these cases (Table 1, right column).

The case descriptions used in the second session con-
sisted of a verbal description and a photographic portrait of
the patient’s face. The patient was typical for the disease (e.g.,
an obese woman older than 50 years of age for the disease
“osteoarthritis of the knee”), and the portrait did not provide
any disease-specific information apart from the patients’ age
and sex. Typical history and physical examination results
were provided in short statements. Table 2 shows a
representative example of a case description.

Table 2. Example of a case description

History

« Slowly progressive pain in left knee since about one year
e Morning stiffness for less than 30 minutes
e Pain is worse at the end of the day and during walking or bending

Examination

e Bony enlargement left knee

e Tenderness medial joint space

e Crepitus on active motion of the knee
e Limited extension of the knee

The two sessions can be considered independent entities
within the experiment in the sense that there was no overlap
in the materials used. Within each session, the order of
diagnoses (first session) and cases (second session) was
randomized in advance, to control for possible sequence
effects. Prior to the experiments, the materials were tested
with six recently graduated medical students and five final
year medical students. This led to the exclusion of one case,
being judged as too difficult for our participants.

Procedure

All participants were tested individually in May 2016, at least
one month after they had completed the CBCR examination.
Students were not informed that the study contained CBCR
illnesses and were told that no specific preparation would be
required. Each participant was seated in front of a laptop with
a hand-held recording device. The experiment consisted of
two consecutive sessions, separated by a five-minute break.
Each session was preceded by a few slides providing
instructions and a practical example (allergic contact
dermatitis). The instruction, experiments, and debriefing
took approximately one hour altogether.

At the beginning of the first session, participants were
informed that 15 consecutive diseases would be presented
and that they were asked to tell everything that came to their
mind about each disease. During presentation of the practice
example, participants were explicitly reminded of several
categories of disease information that they could mention:
pathophysiology (e.g., Langerhans cells),
predisposing features (e.g., working with nickel), clinical

histamine,

features (e.g., rash at the side of exposure, itching, vesicles),
test results (e. g., positive patch tests), and management
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(e. g., ointment, topical corticosteroids). During presentation
of the experimental diseases, participants were not cued in
this way, because we were interested in information they
would spontaneously provide upon being cued exclusively
with the name of the disease. Two minutes were available for
each disease; the pilot study had demonstrated this to be
more than sufficient.

In the second session, participants were asked to name
the first disease (diagnostic hypothesis) that “popped into
their minds” upon reading a case text. The cases were visible
for 45 seconds on the screen. The session started with a prac-
tice case (allergic contact dermatitis). Subsequently, the
twelve experimental cases were presented. Participants were
instructed to think aloud, and again the whole procedure was
audio-recorded. If any time was left after they had mentioned
their first diagnostic hypothesis, participants could use the
remaining time to elaborate on a differential diagnosis, if
they had other diagnostic options in mind. To prevent them
from speculating too much about irrelevant diseases, partic-
ipants were instructed to treat unmentioned symptoms or
findings as “absent” and unmentioned variables as “within
the normal range” (e.g., if no mention was made of “fever” in
a case, participants were instructed to consider body temper-
ature to be within the normal range).

Data collection methods

All recorded data were transcribed verbatim by an external
transcription service. The amount of information volun-
teered by the students in the first session was the operation-
alization of illness script richness. The number of statements
was determined by counting the information units provided
by the participants, according to a procedure described in
previous studies.>” Each medically relevant information unit
was awarded one point. For example, when a participant
said, “this disease is common in middle-aged women and
presents with unilateral headaches,” this was counted as five
points: one for sex of the patient, one for age, one for com-
plaint (pain), one for organ (head) and one for location (uni-
lateral). In addition, the information was categorized accord-
ing to the major illness script components: Fault, Enabling
Conditions, Consequences, and Management. A fifth com-
ponent, Miscellaneous, was used to categorize medically rel-
evant information that did not fit into the regular illness
script categories (e.g., information about frequency of occur-
rence). For example, the above statement would award the
participant two points in Enabling Conditions (age and sex
of the patient) and three points in Consequences (complaint,
organ, and location). One of the researchers (YK) performed
the coding; inter- and intra-rater reliability (IRR) of the cod-
ing was evaluated in a random sample of 10% of the tran-
scripts, coded independently by two of the researchers (YK
and SvD).!®

The total number of statements mentioned was calcu-
lated separately for CBCR diseases and non-CBCR diseases,
and expressed, for each participant, as the average score over
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the two categories of diseases (CBCR and non-CBCR), to ac-
count for the difference in numbers (five CBCR and ten non-
CBCR diseases). These two values were considered to reflect
the richness of participants’ illness scripts. Besides, to inves-
tigate the maturity of participants’ illness scripts (in addition
to richness), proportions of statements for the different com-
ponents of illness scripts were calculated for each case and
again collapsed separately over the five CBCR and ten non-
CBCR cases, respectively. Relative contribution of infor-
mation in each category (Enabling Conditions, Fault, Conse-
quences, Management) adds to the information provided by
absolute number, as proportional values “control” for inter-
participant differences in wordiness. Otherwise, participants
who provide more information would inevitably have more
mature illness scripts.

Diagnostic performance was calculated as follows: two
points were awarded for each correct diagnosis (e.g., rheu-
matoid arthritis), and one point for an incomplete or partly
correct diagnosis (e.g., arthritis). This is similar to the proce-
dure used by Schmidt et al."” If the correct diagnosis ranked
second or further down on the differential, also one point was
awarded. Else, no points were awarded. Diagnostic perfor-
mance scores were also calculated separately for CBCR cases
and non-CBCR cases and expressed as averages per case type
to account of the difference in numbers (four CBCR cases
and eight non-CBCR cases).

Finally, participants’ scores on both parts of the experi-
ment were correlated with their CBCR course final examina-
tion scores. This examination consisted of two parts, which
students sat at different occasions (in December 2015 and
April 2016) and contained 43 items and 50 items, respec-
tively. The results of both examinations were combined into
a single score for each participant, expressed on the Dutch
“grading scale,” which ranges from 1 (worst) to 10 (best pos-
sible performance).

Data analysis

SPSS version 21 was used for statistical analyses. The differ-
ences in participants’ illness script richness and maturity be-
tween CBCR and non-CBCR diseases and the differences in
diagnostic performance between CBCR and non-CBCR
cases were tested for significance using paired t-tests, CBCR
versus non-CBCR being the within-subjects independent
variable. Significance for all tests was set at p<0.05. Effect
sizes were computed according to Cohen’s d (< 0.2 repre-
senting a small-size effect, 0.2-0.5 representing a medium-
size effect, > 0.8 representing a large-size effect).” The asso-
ciation between participants’ CBCR test results and their ill-
ness script richness and diagnostic performance was calcu-
lated using Pearson’s correlation coefficient r.

Results

In the academic year 2015-2016, 305 medical students com-
pleted the CBCR course at the University Medical Centre at
Utrecht. Of these students, 32 (24 female and 8 male



students) volunteered to participate in the current study.
Most of these students attended all sessions of the course,
four students missed one session, and one student missed
two (out of nine) sessions. The mean final mark for the CBCR
course of the study population was 7.35 (SD=0.74) on the
grading scale from 1-10. The 273 students who did not par-
ticipate had a mean mark of 7.29 (SD=0.65). Thus, in terms
of these test scores, the study population was representative
of the full population.

Illness script richness

Table 3 summarizes the illness script richness scores of the
participants across the two conditions. For the 15 illnesses
included in the analysis, participants mentioned a mean
number of 12.91 (SD=2.89) statements per illness. Paired t-
tests revealed a significant difference between the illness
script richness for CBCR illnesses (M=14.47, SD=3.25) ver-
sus non-CBCR illnesses (M=12.145 SD=2.80) (t= 9.47 df=31,
p<0.001). Participants mentioned approximately 20% more
statements for CBCR diseases than for non-CBCR diseases.
The Cohen’s d effect size of the difference was close to large
(0.77).20

Illness script maturity

Table 3 also shows the proportion of statements in each ill-
ness script category, which reveals illness script maturity. For
both the CBCR and the non-CBCR illnesses, most statements
were mentioned in the category Consequences (i.e., signs and
symptoms). However, for the CBCR illnesses, this was signif-
icantly more prominent than for the non-CBCR illnesses
(36.15% (SD=6.75) versus 27.62% (SD=5.65), t=7.20, df=31,
p<0.001, Cohen’s d 1.37). The second largest category of
statements for both groups was the Fault (i.e., knowledge of
pathophysiology). Of all statements of the CBCR illnesses
21.82% (SD=6.36) was related to Fault while 26.56%
(SD=6.15) of the statements about the non-CBCR illnesses
were categorized as Fault (t=3.72, df=32, p<0.005, Cohen’s d
=.76). Similarly, the relative contribution of knowledge of
Enabling Conditions was also larger for CBCR diseases
(16.05%, SD=5.89) than for non-CBCR diseases (12.45%,
SD=4.04).

Diagnosis of cases

In the second session, the average number of points received
for each correct diagnosis was 1.31 (SD=0.24). Diagnostic
performance on CBCR cases was significantly better than on
non-CBCR cases, 1.63 (SD=0.32) and 1.15 (SD=0.29) points
on the average, respectively (t=7.47, df=31, p<0.001, Cohen’s
d =1.58).

In addition, we found a marginally significant correlation
between students’ illness script richness and their diagnostic
accuracy over the two sets of cases (CBCR and non-CBCR)
combined (r=0.354, p<0.05). This suggests there is a small re-
lationship between students’ illness script richness (how
much they know) and their diagnostic performance (how
well they can diagnose cases).
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Table 3. lliness script richness and structure for CBCR and non-
CBCR illnesses (N=32)

non-CBCR
di +

Mean% (SD)

CBCR
di .

lliness script p Cohen’s d

Mean% (SD)

Total statements* 14.47 (3.25) 12.14 (2.80) 0.000 0.768
Enabling Conditions$ 16.05 (5.89) 12.45 (4.04) 0.001 0.715
Fault 21.82 (6.36) 26.56 (6.15) 0.001 -0.757
Consequences$ 36.15 (6.75) 27.62 (5.65) 0.000 1.370
Management$ 18.70 (5.66) 20.99 (4.39) 0.024 -0.452
Miscellaneous$ 7.28 (4.04) 12.39(3.86) 0.000 -1.295

“Discussed during CBCR sessions (n=5); TNot discussed during CBCR sessions (n=10);
tlliness script richness: mean number of statements per illness; SProportion of the total
number of statements mentioned.

Relationship with CBCR examination results

Pearson’s correlation coefficient r revealed no statistically
significant correlation between the CBCR examination re-
sults and illness script richness, i.e., neither for the number
of statements mentioned for the CBCR diseases (r = -0.006;
p=NS), nor for the number of statements mentioned for the
non-CBCR diseases (r = -0.176, p=NS).

A significant correlation between CBCR examination re-
sults and diagnostic accuracy on CBCR cases was found (r =
0.571, p<0.005). No correlation worth speaking of was found
between the CBCR examination results and diagnostic accu-
racy in non-CBCR cases (r=0.094, p=NS).

Discussion

Illness script richness and maturity
Our study shows that one month after completing the CBCR
course, students have richer illness scripts of diseases system-
atically discussed in CBCR sessions than of similarly com-
mon diseases that receive less emphasis in the undergraduate
curriculum. Moreover, diagnostic performance on CBCR
cases is superior to diagnostic performance on cases of simi-
lar non-CBCR diseases. Our findings underscore the rele-
vance of a CBCR course for the development of clinical rea-
soning skills, expressed here as richer illness scripts, and
better diagnostic performance. These are encouraging re-
sults, as previous literature has primarily stressed the need
for real-life patient contact to develop and refine illness
scripts.*”! Our results show that even before they have re-
ceived any practical clinical training, students benefit from a
course in clinical reasoning. In this way, a CBCR course can
form a bridge for novices to their first clinical experience.
Not only the richness of illness scripts changes with ex-
perience but also their maturity, i.e., their structure and com-
position.” For experienced physicians, the biomedical details
of the Fault (the pathophysiology of the disease) are of little
value in the diagnostic process because they rely in many
cases on pattern recognition. For novices, on the other hand,
who have seen few, if any, patients with a particular disease,
knowledge of the Fault plays a more prominent role in their
diagnostic reasoning.>”*?* Though much of the knowledge
volunteered by our second-year medical students revolves
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around the Fault - they are still inexperienced - the relative
contribution of this knowledge was lower for CBCR cases
than for non-CBCR cases. Similarly, we also see a shift of the
script structure towards a greater role of Enabling Condi-
tions in our study population. This means that patient-ori-
ented information has become more prominent after ex-
tended exposure to the diseases in our CBCR course. Though
these results should be treated with some caution - propor-
tions add to 1.0 and cannot increase or decrease inde-
pendently from each other - this finding of increased im-
portance of Enabling Conditions is also in line with earlier
findings.>'° The repeated application of knowledge in the
CBCR sessions probably has already tuned our participants’
illness scripts of the discussed diseases toward future use in
practical situations.

Opverall, students who have richer illness scripts tend to
show better diagnostic performance on cases of diseases dealt
with in the CBCR course as well as on cases of other diseases;
this relationship (r = 0.35) is indicative of approximately 10%
common variance. Illness script theory does not consider
script richness itself necessary for superior diagnostic perfor-
mance - students who learn a clinical textbook by heart may
not become better diagnosticians. In addition, it would not
explain the relationship between CBCR course examination
results and students’ script richness of scripts for non-CBCR
diseases. Rather, in our view, it suggests a “general” student
effect (some students are just “better” in many respects than
other students: they have more knowledge of diseases and are
better diagnosticians).

CBCR examination performance

CBCR examination results have predictive value for diagnos-
tic performance on CBCR cases, but not for non-CBCR cases.
This suggests students do not develop a more general clinical
reasoning ability, which confirms the belief that the develop-
ment of clinical reasoning skills is disease specific.""* This is
also what would be predicted on basis of the model by
Rumelhart and Norman;’ that is, it is hard to see how tuning
and restructuring of disease-specific knowledge could influ-
ence the development of an illness script for a different dis-
ease, unless the diseases share a common denominator,
which is usually not the case for different diseases.

Contrary to our expectations, we did not find a correla-
tion between students’ CBCR examination results and their
illness script richness. One explanation for this could be the
nature of the CBCR examination, which consists solely of
closed-format questions of the extended matching type and
hence, capitalizes on recognition - the examination does not
require students to recall or otherwise generate disease
knowledge. In contrast, the first session of our experiment,
in which we assessed illness script richness, does draw upon
students’ ability to recall or generate this information. In ad-
dition, there may be some inherent instability in our measure
of illness script richness, partly as a consequence of marginal
knowledge (knowledge that cannot be consistently
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recalled),” partly as a consequence of interpersonal differ-
ences in wordiness.

Our findings can be easily aligned with the accretion-re-
structuring-tuning view of learning.” While in general accre-
tion will be the primary process early in the curriculum and
restructuring and tuning later in the curriculum, the CBCR
course does appear to contribute to early restructuring of
knowledge acquired in previous blocks (a process of accre-
tion), to serve the development of coherent illness scripts.
Our finding of a higher diagnostic accuracy for cases studied
in the CBCR course suggests tuning, i.e. making knowledge
accessible in a context in which it is relevant, is also at work.

Limitations of the study

First, the number of participants in our study was limited,
which may have affected the internal validity of the study.
However, this limitation is mitigated by our within-subjects
design, which is less vulnerable than the more common be-
tween-subjects (control group) design. Next, it is unclear to
what extent our results can be generalized to students who
did not participate in the study. In any case, we did not find
a “volunteer effect”, i.e., that the students who participated
were across the board better than the cohort as a whole.”*
We only found a marginal difference in CBCR examination
score (7.35 for students who participated versus 7.29 for stu-
dents who did not). There may be, however, other differences
not captured by course results that limit external generaliza-
tion.

Another limitation of our study is that we did not directly
compare different approaches to teaching clinical reasoning
and hence cannot say whether the CBCR method is superior
to any other approach. The mandatory nature of our CBCR
course precludes a direct comparison with other teaching
formats. There is some indirect evidence, though. Schmidt et
al. compared students’ diagnostic performance on fairly
common cases at three different Dutch universities: one PBL
school, one school with a conventional curriculum, and one
school with an integrated curriculum.” In Year 2 and 3, the
students at this latter school - Amsterdam University Medi-
cal School - outperformed students at the two other schools.
And these were exactly the cohorts which, at the Amsterdam
University Medical School, had attended the predecessor of
our current CBCR course. This course might have been
responsible for their superior performance, compared with
that of students at the two other schools.

Finally, one could argue that the performance of our
students may be a general effect of the effort students had
invested in learning the CBCR cases, rather than a result of
any specific teaching format.” While in general it may be
assumed that if students invest more effort, they will also
learn more, the CBCR format appears to be more appealing
to students than other formats, in particular, traditional
formats that rely heavily on lectures, seminars, or textbooks.
Working through a whole case that is, if not “authentic”,
at least representative of many students’ future practice is



experienced as stimulating and discussing possible diagnoses
may help students in developing their clinical reasoning.
Through CBCR, students experience that discussing and
solving cases may be exciting and they are not rewarded for
“jumping to conclusions” as will often be the case in a busy
practice where they are working under time pressure.

Conclusions

A CBCR-course like the one included in the medical Bache-
lor-curriculum at the University Medical Center at Utrecht,
the Netherlands, has a positive effect on the development of
students’ illness script richness, illness script maturity, and
diagnostic performance. It appears the course helps students
in restructuring and tuning their clinical knowledge, to make
it better available for use in practice. We cannot conclude,
however, that a CBCR course is the only way to achieve this
and our study also shows that such a course does not neces-
sarily improve students’ general clinical reasoning ability.
We doubt, however, whether there is any other educational
intervention that would achieve this latter aim.

Acknowledgements
The authors thank the students who participated in the study

Conflict of Interest

The authors declare that they have no conflict of interest.

References

1. Elstein AS, Shulman LS, Sprafka SA. Medical problem solving: a ten-year
retrospective. Evaluation and the Health Professions. 1990;13:5-36.

2. Norman G. Research in clinical reasoning: past history and current trends.
Med Educ. 2005;39:418-27.

3. Kassirer JP. Teaching clinical reasoning: case-based and coached. Acad
Med. 2010;85:1118-24.

4. Charlin B, Boshuizen HPA, Custers EJ, Feltovich PJ. Scripts and clinical
reasoning. Med Educ. 2007;41:1178-84.

5. Custers EJFM, Boshuizen HPA, Schmidt HG. The role of illness scripts in
the development of medical diagnostic expertise: results from an interview
study. Cognition and Instruction. 1998;16:367-98.

6. Feltovich P, Barrows H. Issues of generality in medical problem-solving.
In: Schmidt HG, de Volder ML, editors. Tutorials in problem-based learning.
Assen, the Netherlands: Van Gorcum; 1984.

7. Lubarsky S, Dory V, Audétat M-C, Custers EJFM, Charlin B. Using script
theory to cultivate illness script formation and clinical reasoning in health
professions education. Can Med Educ J. 2015;6:61-70.

8. Custers EJFM. Thirty years of illness scripts: theoretical origins and practi-
cal applications. Med Teach. 2015;37:457-462.

9. Rumelhart DE, Norman DA. Accretion, tuning and restructuring: three
modes of learning. In: Cotton ], Klatzky R, editors. Semantic factors in

Int ] Med Educ. 2018;9:35-41

cognition. Santa Barbara: University of California Press; 1978.

10. Hobus PP, Schmidt HG, Boshuizen HP, Patel VL. Contextual factors in
the activation of first diagnostic hypotheses: expert-novice differences. Med
Educ. 1987;21:471-6.

11. Schmidt HG, Mamede S. How to improve the teaching of clinical
reasoning: a narrative review and a proposal. Med Educ. 2015;49:961-73.

12. ten Cate TJ. Training case-based clinical reasoning in small groups. Ned
Tijdschr Geneeskd. 1994;138:1238-43.

13. Zijdenbos IL, de Haan MC, Valk GD, ten Cate TJ. A student-led course in
clinical reasoning in the core curriculum. Int ] Med Educ. 2010;1:42-6.

14. ten Cate TJ. Introduction. In: ten Cate TJ, Custers EJFM, Durning SJ, ed-
itors. Principles and practice of case-based clinical reasoning education. A
method for preclinical students. Cham, Switzerland: Springer International
Publishing AG; 2017.

15. ten Cate TJ, Schadé E. Workshops clinical decision-making. One year
experience with small group case-based clinical reasoning education. In:
Metz ], Scherpbier A, Houtkoop E. editors. Gezond Onderwijs 2 - Proceed-
ings of the Second National Conference on Medical Education [Dutch]. Nij-
megen, the Netherlands: Universitair Publikatiebureau KUN; 1993.

16. Zijdenbos I, Fick T, ten Cate TJ. How we offer all medical students train-
ing in basic teaching skills. Med Teach. 2011;33:24-6.

17. Young JQ, van Dijk SM, O’Sullivan PS, Custers EJFM, Irby DM, ten Cate
TJ. Influence of learner knowledge and case complexity on handover
accuracy and cognitive load: results from a simulation study. Med Educ.
2016;50:969-78.

18. Landis JR, Koch GG. The measurement of observer agreement for cate-
gorical data. Biometrics. 1977;33:159-74.

19. Schmidt HG, Machiels-Bongaerts M, Hermans H, ten Cate TJ, Venekamp
R, Boshuizen HPA. The development of diagnostic competence: comparison
of a problem-based, an integrated, and a conventional medical curriculum.
Acad Med. 1996;71:658-64.

20. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale,
NJ: Lawrence Earlbaum Associates; 1988.

21. Schmidt HG, Rikers RMJP. How expertise develops in medicine:
knowledge encapsulation and illness script formation. Med Educ.
2007;41:1133-1139.

22. Boshuizen HPA, Schmidt HG. On the role of biomedical knowledge in
clinical reasoning by experts, intermediates and novices. Cognitive Science.
1992;16:153-84.

23. Patel VL, Evans DA, Groen GJ. Biomedical knowledge and clinical
reasoning. In: Evans DA, Patel VL, eds. Cognitive science in medicine:
biomedical modeling. Cambridge, MA: The MIT Press; 1989.

24. Patel VL, Evans DA, Kaufman DR. Reasoning strategies and the use of
biomedical knowledge by medical students. Med Educ. 1990;24:129-36.

25. Elstein AS, Shulman LS, Sprafka SA. Medical problem solving: an analysis
of clinical reasoning. Cambridge, MA: Harvard University Press; 1978.

26. Berger SA, Hall LK, Bahrick HP. Stabilizing access to marginal and
submarginal knowledge. ] Exp Psychol Appl. 1999;5:438-47.

27. Callahan CA, Hojat M, Gonnella JS. Volunteer bias in medical education
research: an empirical study of over three decades of longitudinal data. Med
Educ. 2007;41:746-53.

28. Rosenthal R, Rosnow R. The volunteer subject. In: Rosenthal R, Rosnow
RL, editors. Artifact in behavioral research. NY: Academic Press; 1969.

29. Cook DA. If you teach them, they will learn: why medical education needs
comparative effectiveness research. Adv Health Sci Educ Theory Pract.
2012;17:305-10.

41



	Abstract
	Introduction
	Course description

	Methods
	Study design and participants
	Collection of materials
	Procedure
	Data collection methods
	Data analysis

	Results
	Illness script richness
	Illness script maturity
	Diagnosis of cases
	Relationship with CBCR examination results

	Discussion
	Illness script richness and maturity
	CBCR examination performance
	Limitations of the study

	Conclusions
	Acknowledgements
	Conflict of Interest

	References

