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Strategies for developing pre-clinical medical students’
clinical reasoning based on illness script formation: a
systematic review
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Clinical reasoning training in the pre-clinical phase has recently been considered important; however, when it comes to specific
instructional methods for pre-clinical students, much is unknown. Thus, the aim of this review is to explore learning and teaching
methods for pre-clinical students’ clinical reasoning development based on illness script formation, their results, and strategies. A
systematic review was conducted in accordance with the guidelines of the Association for Medical Education in Europe. The literature
search was performed using the Cochrane Library, PubMed, EMBASE, Web of Science, and ERIC databases based on keywords,
including “illness script*” AND (“medical student*" OR pre-clinical OR undergraduate). Then, 10 studies among the 91 studies were
included in the final analysis. The quality of the selected studies was also appraised using the Medical Education Research Study
Quality Instrument. Diverse teaching and learning methods were used to support the integration of biomedical and clinical knowledge
working with patient cases, and their effects were assessed through diverse methods, including illness script richness and maturity,
to learner responses. The effects of these interventions were effective in terms of the clinical reasoning development of pre-clinical
students. Learning and teaching strategies were synthesized and described. This review found that explicit attempts to promote
illness script formation with a structured program rather than informal training lead to positive results, and such formal clinical
reasoning programs can provide smooth transition from pre-clinical to clinical experience.
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Introduction

Clinical reasoning is a fundamental part of doctors’
competencies, and an explicit curriculum for clinical
reasoning should be incorporated at every level of
medical school [1]. However, medical students do not
usually receive this training until their clinical rotations.

During their clinical rotations, medical students mostly

learn clinical reasoning informally through experiential
opportunities with irregular feedback [1-3]; however,
the effectiveness of such traditional teaching methods is
unclear [4].

Clinical reasoning training in the pre—clinical phase
has recently been considered important. Instead of
informal experiential learning with varying quality of
supervision during clinical clerkships [5], the need for

more structured explicit attempts to teach clinical
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reasoning before clinical rotations is rising. Medical
schools want to address this issue by designing a clinical
reasoning program for pre—clinical students [6,7], but it
poses challenges as the best way to develop clinical
reasoning is uncertain.

Charlin et al. [6] argued that illness script formation
should be a focus in medical education in terms of
clinical reasoning development. Schmidt and Mamede [3]
suggested through a narrative review that the thinking
process—oriented approach such as generic problem-—
solving skills, rather than the knowledge—oriented
approach, is largely ineffective in teaching clinical
reasoning. Clinical reasoning do not exist separately
from the specific medical knowledge necessary to
understand and diagnose a particular disease. Medical
knowledge and how it is stored are essential for accurate
diagnosis [2,8-10], and this combination is explained
using the illness script theory [6,11].

Illness scripts are developed as a consequence of
theoretical knowledge acquisition and accumulated
clinical experience [6,12]. Clinicians represent diseases
as illness scripts in their minds [6,12,13]. Highly
experienced clinicians possess elaborate illness scripts as
mental models that enable them to instantly compare,
contrast, categorize, interpret, and store new information
[14]. Tllness scripts have three main components:
enabling conditions (e.g., age, sex, occupation), faults
(major real malfunctions), and consequences (complaints,
signs, and symptoms) [15].

Medical students can build a limited repository of
illness scripts during pre—clinical education [10]. During
early medical training, students can develop mental
structures that explain the causes and consequences of a
disease, and through repeated application of this
knowledge to patient problems, their mental structure is
encapsulated into high-level simplified causal models

that explain signs and symptoms. With repeated exposure
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to patient cases, their encapsulated knowledge is
restructured as illness scripts [12,16]. As the illness
script is updated and refined through experience and
learning, the initial illness script becomes the key and
framework for further development [6,17].

The implication of the illness script theory is that
basic science should be taught pertinent to the
development of encapsulating concepts, and biomedical
and clinical knowledge should be taught by integrating
teaching methods [16]. However, when it comes to
specific instructional methods for pre—clinical students,
much is unknown. Research regarding clinical reasoning
development by focusing on illness script formation has
recently been rising, but they have mostly targeted
medical students during their clinical clerkships or above
[6,7,18]. In addition, several systematic reviews have
published methods to improve the clinical reasoning of
undergraduate medical students [3,5,19], but none has
been published regarding clinical reasoning development
targeting pre—clinical medical students based on illness
script formation. Thus, it is necessary and timely to
conduct an in—depth analysis of such strategies to
develop curriculum to foster preclinical medical students’
clinical reasoning based on illness script formation.

This study aimed to fill the knowledge gap by offering
a comprehensive answer to the following questions by
systematically reviewing the latest pertinent studies.
What methods were used to develop clinical reasoning
for pre—clinical medical students based on illness script
formation? What are the results in terms of developing
clinical reasoning? What teaching and learning strategies
are effective in terms of the clinical reasoning de-—
velopment of pre—clinical medical students based on
illness script formation? This review could provide
directions for effective educational applications and

research on this emerging issue.



Methods

1. Literature search

This systematic review was conducted in accordance
with the guidelines of the Association for Medical
Education in Europe [20]. The initial literature search
included peer-reviewed journal articles using the
Cochrane Library, PubMed, EMBASE, Web of Science,
and ERIC databases. The search strategies were based on
keywords such as “illness script® AND (“medical
student®” OR pre—clinical OR undergraduate). Search
strategies were performed on September 2021. The
references of the included papers were also examined to
identify additional relevant studies. The search strategy
generated 91 studies, including 47 studies from PubMed,
25 studies from Web of Science, 11 studies from ERIC,

five studies from Cochrane Library, and three additional
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articles identified through the reference check. After
excluding 81 studies (19 duplicate searches and 62
studies that met the exclusion criteria), 10 studies were
included in the final analysis. Fig. 1 shows the complete

search and study selection strategies.

2. Exclusion and inclusion criteria

The inclusion criteria were as follows: (1) peer-
reviewed; (2) full-text; (3) original research journal
articles; (4) published in English; (5) focusing on
developing clinical reasoning based on illness script
formation; and (6) focusing on pre—clinical medical
students. The exclusion criteria were as follows: (1) not
peer-reviewed journal articles; (2) not published in
English; (3) not full-text papers, such as conference
papers; (4) not original research papers such as reviews
and commentaries; (5) with illness script approaches
used for assessment, such as script concordance tests, as

this review focused on learning and teaching strategies;

Fig. 1. Flow Chart of the Article Selection Process

88 Articles identified through database
searching

3 Additional articles identified
through other sources

A4

72 Articles after duplicates removed

A4

72 Articles screened

by tittle and abstract

A4

34 Full-text articles

38 Articles excluded

- Not full-text articles (n=4)

- Not peer-reviewed journal (n=13)

- Review or commentary articles (n=12)
- Not medical students (n=9)

reviewed for eligibility

y

10 Articles included
for analysis

24 Articles excluded

- Not relevant (n=17)
- Not targeting pre-clinical students (n=7)
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(6) studies in which participants were not medical
students, such as nursing or veterinary students; and (7)
studies with participants in their clinical clerkship or
above. However, if the study included medical students
during their clinical clerkship with pre—clinical students
to compare among the groups and provided implications
on the learning and teaching strategies for pre—clinical
students, then the research was included for further

analyses.

3. Literature analysis

Two researchers (the author and a research assistant)
performed the search independently, and studies were
selected after reviewing them against the inclusion and
exclusion criteria. The screening process was first
conducted according to the title and abstract, and
full-text articles were reviewed for eligibility. All
discrepancies were resolved through discussion until a
consensus was reached. Once eligible articles were
identified, full-text articles were reviewed again, and the
following data were extracted: (1) study characteristics
(e.g., author, publication year, country where the re-
search was conducted, study design, course, or con-—
tents,); (2) participants; (3) methods; (4) measured vari-
ables; (5) results; and (6) learning and teaching strat—
egies.

The quality of the selected studies was also appraised
independently by the two researchers using the Medical
Education Research Study Quality Instrument (MERSQI),
which was designed to measure the quality of ex-—
perimental, quasi—experimental, and observational studies
[21]. MERSQI consists of 10 items covering six domains
(study design, sampling, type of data, validity of the
evaluation instrument, data analysis, and outcomes). The
maximum score for each domain was 3. Any discrep—

ancies were resolved through discussion.
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Results

1. Study characteristics

The characteristics of each study are listed in Table 1.
The 10 studies were published between 2012 and 2021.
The number of publications has been increasing over the
last 5 years: nine were published between 2016 and 2021,
and one was published in 2012. Five studies were
conducted in the United States, two in the Netherlands,
one in Brazil, one in Iran, and one in New Zealand. The
contents varied from late-onset asthma to emergency
medicine. Seven studies employed a quasi—experimental
design and included four within—subject posttest—only
designs, two between—subject posttest—only designs, and
one between—subject pre—posttest design. Meanwhile,
two studies employed an experimental design (between—
subject pre—posttest design), and one was an obser—

vational study (three groups).

2. Participants

The participants in six studies were from year 1 or 2
(Table 1). In three studies, they were from year 4 in the
Netherlands, Brazil, and Iran. Medical schools in the
Netherlands, New Zealand, and Brazil have a 6-year
undergraduate curriculum, while Iran has a 7-year
undergraduate curriculum. As medical school systems
differ according to country and context, if the authors
stated that the participants were in the pre—clinical part
of the curriculum, these studies were regarded as tar—
geting pre—clinical students. The last one studied three
participant groups from years 2, 3, and 6 in New Zealand
[7]. Although they included students from year 6 in their
clinical clerkship, because its focus was on comparing
how students at different stages of training were taking

a history and it provided implications for pre—clinical
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Table 1.
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explanation)

hyperprolactinemia cases)
- Asked the students to diagnose, explain, and - Knowledge

misconceptions.

development

learn from each case (think-aloud)

MERSQI: Medical Education Research Study Quality Instrument, SCT: Script concordance test, SP: Standardized patient, CBCR: Case-based clinical reasoning, PBL: Problem-based learning, CRE: Clinical reasoning

elective.
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students’ clinical reasoning development, this research

was regarded as eligible for final analyses.

3. Methods

Diverse methods have been used to promote pre—
clinical students clinical reasoning through illness script
formation. These methods include illness script method,
simulated clinical activity, integrated session, history
taking, case-based clinical reasoning, metacognitive
approach, clinical reasoning elective program, self-
explanation, case—based illness script worksheet ap—
proach, and learning from multiple cases with the same
underlying pathophysiological process (Table 1). In all
the studies included, teaching and learning methods were
designed to support the integration of biomedical and

clinical knowledge working with patient cases.

4. Measured variables and results

The effect of the interventions on pre—clinical
students clinical reasoning development was assessed
through students’ course feedback, script concordance
test, course or national exams, history taking method,
illness script richness and maturity, diagnostic perfor—
mance, written illness script analysis, clinical assessment
with standardized patients (SPs), and knowledge de-—
velopment (Table 1). Six studies found that their in—
tervention was effective in developing pre—clinical
students’ diagnostic reasoning [4,10,22-25]. Two studies
investigated only students responses and reported very
positive responses [1,26]. The remaining two studies
reported that the whole—case approach for presenting
patient data is effective for very novice students [7] and
that learning from multiple cases with limited feedback
from clinicians is insufficient for fostering illness script

formation [27].

KOREAN JOURNAL OF MEDICAL EDUCATION KJME | 55



Jihyun Si: Strategies for developing pre-clinical students’ clinical reasoning

5. Leaning and teaching strategies

The learning and teaching strategies that have been
demonstrated to be effective in improving the clinical
reasoning of pre—clinical students are summarized in
Table 2. The strategies were divided into three cate—
gories: learning and teaching settings, contents, and
methods. Learning and teaching settings include a small
group format, facilitators, and sufficient time for
extensive discussion. As learning and teaching contents,
all studies used patient cases that cover all stages of
clinical encounters. Patient cases relevant to what the
students are studying in other classes, increasing au-—
thenticity, multiple cases, and different approaches to
presenting patient data according to the levels of training

are also useful strategies in terms of contents. Regarding

the methods, effective strategies include focusing on the
integration of biomedical and clinical knowledge, em—
phasizing the application of basic science knowledge,
providing a structured framework, direct illness script
teaching, self—explanation, detailed and timely feedback,

and stepwise exposure to clinical practices.

6. Study quality

The MERSQI scores of the 10 studies included in this
review ranged from 6.5 to 13.5 (Table 1). The maximum
total score of MERSQI was 18, and the maximum domain
score was 3. The mean MERSQI (=+standard deviation
[SD]) score was 10.60+2.66. The mean domain score was
highest for data analysis (2.8+0.42) and lowest for
outcomes (1.35+0.24). In the study by Reed et al. [21],
who developed MERSQI and applied it to 210 medical

Table 2. Effective Learning and Teaching Strategies for the Development of Preclinical Students’ Clinical Reasoning Based on lliness Script

Formation

Effective learning and teaching strategies

Learning and Small group activity
teaching settings - 4-5 students per group [26]

- With facilitators to provide guide for discussion and feedback [1,4,10,23,26]
- Sufficient time for extensive discussion of all the relevant of clinical cases [10]

Learning and Clinical cases

teaching contents

- Patient cases covering all the stages of clinical encounter in their usual sequence (history, physical examination,

differential diagnosis, diagnostic testing, and management) [10]
- Relevant to what students are currently studying in other classes [26]
- More than one case at a time for repeated application of knowledge to encourage illness script development [10]
- Increasing authenticity by presenting clinical cases through real or simulated patients [4,7,22,25,26]
- Transitioning from the whole-case approach, a blended approach, to the serial-cue approach on presenting patients’

data to students [7]

Learning and Integrated teaching

teaching methods - Focusing on the integration of biomedical and clinical knowledge [1,4,10,22-26]
- Emphasis on the application of basic science to clinical cases instead of acquisition of new knowledge [10,26]
- Providing a structured framework to formalize the clinical reasoning process for the integration of biomedical and
clinical knowledge rather than informal training [4,22]
- Direct illness script teaching method using worksheets; directly teaching illness scripts by helping students develop
correct problem representation and organize data into illness script worksheets [1,23]
- Self-explanation focusing on pathophysiological mechanism when diseases share similar pathophysiological processes

and are unfamiliar or complex [24]

- Detailed and timely feedback by think-aloud method [1,23,25,27]
- Stepwise exposure to clinical practices; providing the clinical reasoning training opportunities without performance
pressure or formal grading before traditional clinical clerkships [25]
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education research published in peer-reviewed journals,
the mean MERSQI (£SD) score was 9.95+2.34.

Discussion

Illness script construction and refinement of pre-
clinical medical students come from the application of
biomedical and clinical knowledge to clinical cases [6].
This raised educational issues concerning instructional
methods. This review investigated the methods used to
develop the pre—clinical students clinical reasoning
based on illness script formation, their results, and the
useful strategies. Ten studies were included in this
review. Almost all of these studies used integrated
teaching methods focusing on the incorporation of
biomedical and clinical knowledge with clinical cases
and found that these interventions were effective in
developing preclinical students’ clinical reasoning based
on illness script development. This indicate that before
medical students enter their clinical rotations, they can
benefit from clinical reasoning training based on illness
script formation. In addition, Boshuizen et al. [27] found
that illness script development does not automatically
occur when students enter their clinical training. This
study further supports why clinical reasoning training of
preclinical students based on illness script formation is
necessary. The methodological quality of the reviewed
studies was above the mean value of the study by Reed
et al. [21], and the lower quality of studies was due to
the small number of participants and type of data (only
self-assessed data).

The 10 studies reviewed employed diverse and
effective teaching and learning methods and provided
useful teaching and learning strategies for pre—clinical
students to cultivate their clinical reasoning based on

illness script formation. The strategies include three

Jihyun Si: Strategies for developing pre-clinical students’ clinical reasoning

categories: learning and teaching settings, contents, and
methods. First, regarding learning and teaching settings,
five studies used small group settings to encourage the
discussion among the group of students with their
facilitators [1,4,10,23,26]. The focus of the programs for
developing students” illness scripts should be on tuning
and restructuring previously acquired knowledge instead
of acquiring new knowledge for use in clinical contexts
[10,26,28]. Then, the small discussion format is essential
for students to apply their thoughts to clinical cases
more freely and facilitators guiding the students’
discussions and providing immediate and detailed
feedback are also critical for their knowledge structure
to become more elaborate. Moreover, sufficient time for
extensive discussion of all relevant aspects of clinical
cases is also recommended to promote illness script
formation [10]. Group size also matters; Jackson et al.
[26] suggested 4-5 students per group to prevent
distraction and improve learning experience.

Regarding the learning and teaching contents, all
studies used clinical cases as contents. Clinical cases that
cover all stages of clinical encounters, including history,
physical examination, differential diagnosis, diagnostic
testing, and management, are useful for all the relevant
aspects of developing illness scripts to be discussed [10].
Keemink et al. [10] also emphasized providing more than
one case at a time for repeated application of knowledge.
As repeated application of knowledge accelerates the
tuning processes of the knowledge structure toward
future use in practical situations, providing more than
one case at a time can promote illness script devel-
opment. Increasing the authenticity by presenting
clinical cases through real or simulated patients offers
learners engaging opportunities to practice the inte—
gration of biomedical and clinical knowledge [4,7,22,
25,26]. Jackson et al. [26] developed a simulated virology

clinic consisting of a series of eight SP encounters for
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first—year students and showed that the students
particularly appreciated how SPs brought the diseases to
life in a memorable way that their classroom lectures
and other learning materials could not provide. The
application of basic science to human experiences in
clinical contexts can create a stronger conceptual
knowledge framework for students to integrate, store,
retain, and retrieve knowledge [22]. Furthermore, a
clinical case related to what the students were currently
studying in the pre—clinical curriculum is useful, with an
emphasis on independent learning [26].

On presenting patient data, the whole case format
instead of a serial cue format for pre—clinical students is
suggested based on the cognitive load theory [29].
Pinnock et al. [7] studied when the best time might be
to introduce whole—case or serial-cue teaching ap-—
proaches with students at different stages of training for
history taking. In the former, the whole case is given to
students, whereas in the latter, students are gradually
given patient data, such as patient encounters at the
doctor’ s office [3]. The results showed that in the early
stages of their training, the students could not handle
questioning and managing data simultaneously due to
cognitive overload. The authors suggested transitioning
from the whole case, a blended, to the serial-cue ap—
proach as clinical knowledge increases [7].

Regarding learning and teaching methods, almost all
studies reviewed employed integrated teaching methods
when working with clinical cases. In addition, because
illness scripts develop from the application of bio—
medical and clinical knowledge to clinical cases, rather
than the accretion of new knowledge, the emphasis
should be on the application of previously acquired
knowledge [10,16,26].

Integrated teaching should be structured to formalize
the clinical reasoning processes. The systematic exposure

of students to all essential components for the de-—
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velopment of their illness scripts, rather than just
focusing on correct patient diagnosis, is required [16].
For example, Blunk et al. [4] employed three integrated
sessions, while Hennrikus et al. [22] employed the
metacognitive approach. In the three integration ses—
sions, the students were given a clinical presentation
followed by the associated basic science information and
then, three clinical cases to formulate diagnoses, causes,
and therapeutics. The students also interviewed two SPs
in complex cases. In the study by Hennrikus et al. [22],
the students were taught basic science, and then, a
patient with the disease spoke to the class. After that,
students wrote illness scripts. The results indicated that
both methods helped novice learners elaborate causal
models, ultimately cultivating illness script formation
and clinical reasoning.

A direct illness script teaching method that helps
students develop correct problem representations and
illness scripts is also useful in terms of the construction
of pre—clinical students illness scripts [1,23]. This
approach explicitly teaches illness script construction
with an illness script worksheet. Illness script building
should start from the beginning of medical training as
this script becomes the foundation for further devel—
opment [6]. The illness script worksheet can serve as a
scaffolding to facilitate this process. Self- explanation
focusing on pathophysiological mechanisms can also
foster the integration of biomedical and clinical
knowledge, promoting illness script construction [24].
Self-explanation is a well-known strategy for training
clinical reasoning [30]. From a slightly different per—
spective, Peixoto et al. [24] investigated whether self-
explanation of the pathophysiological mechanism of
diseases rather than about clinical knowledge can foster
the pre—clinical students’ clinical reasoning. They con-
cluded that self-explanation of the pathophysiological

mechanism of diseases can help activate biomedical



knowledge and create new links between biomedical and
clinical knowledge, eventually leading to a more
coherent mental representation. However, this positive
effect works only in diseases with similar patho—
physiological processes or in unfamiliar or complex
diseases [24].

Timely and detailed feedback from the faculty is one
of the most important strategies in developing clinical
reasoning skills [1,5,23,25,27]. Feedback is regarded as
effective in promoting reflective processes and enhanc—
ing learning [31]. Boshuizen et al. [27] explored what
and how students learn from multiple cases with similar
underlying problems and found that some students learn
from multiple cases with limited feedback, but half of
the students did not, particularly in the fault component
of illness scripts. They concluded that unsupported case
analyses from clinicians are insufficient for integrating
biomedical knowledge into illness scripts. Providing
timely and detailed feedback when students develop a
correct problem representation, comparing and con-—
trasting the findings, and organizing data appropriate for
the illness script are essential in terms of illness script
construction and clinical reasoning development.

Finally, stepwise exposure to clinical practice is an
effective strategy [25]. Royan et al. [25] developed a
clinical reasoning elective program to provide pre—
clinical students an exposure to patients in the emer—
gency department without performance pressure or
formal grading before their clinical rotations. The
students were expected to evaluate the patient in pair
and present the findings to their faculty mentors. Royan
et al. [25] found that the participating group showed an
increased score in clinical assessment and over—
whelmingly positive responses to this activity. The
clinical training opportunities in a low-stakes en-
vironment before entering their clerkships provide

pre—clinical students opportunities to practice the
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integration of basic science knowledge with patient cases
in real contexts with sufficient feedback, ultimately

facilitating structured and elaborate illness scripts.

Conclusion

This study systematically reviewed learning and tea—
ching interventions, their results, and strategies for
preclinical students clinical reasoning development by
facilitating illness script formation. The literature search
strategy generated 91 studies and10 studies were selected
for the final analysis. The results demonstrated that
diverse teaching and learning methods were used to
support the integration of biomedical and clinical
knowledge working with patient cases, and their effects,
assessed through diverse methods, were largely effective
in terms of the clinical reasoning development of
pre—clinical students. Acquiring clinical reasoning ability
at every level of medical education is an essential
learning goal [2]. This review suggests that explicit
attempts to promote illness script formation with a
structured program rather than informal training lead to
positive results, and such formal clinical reasoning
training programs could provide a smooth transition
from pre—clinical to clinical experience. Research on
pre—clinical students clinical reasoning development by
facilitating illness script formation has recently been
rising, but more research is necessary to provide stronger
evidence about this important issue. In addition, more
randomized controlled studies using standardized as—
sessment methods are recommended to add more
convincing evidence.

This study has a few limitations. This study only
included peer—reviewed and published journal articles in
English. Gray literature and articles not in English and

not in formal academic channels were excluded. In
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addition, this review did not perform a meta—analysis
due to the heterogeneity of the assessment methods of
the studies, the rarity of randomized controlled trials,

and the limited number of analyzed studies.

|
ORCID:

Jihyun Si: https://orcid.org/0000-0002-4782-6104
Acknowledgements: The author thanks her research
assistant, June Park for assisting in the literature search
and analysis process.

Funding: This work was supported by the Ministry of
Education of the Republic of Korea and the National
Research Foundation of Korea (NRF-2021S1A5A8066646).
Conflicts of interest: No potential conflicts of interest
relevant to this article was reported.

Author contributions: JS designed the study, collected

and analyzed data, wrote and revised the manuscript.

References

I. Levin M, Cennimo D, Chen S, Lamba S. Teaching
clinical reasoning to medical students: a case-based illness
script worksheet approach. MedEdAPORTAL. 2016;12:
10445.

2. Norman G. Research in clinical reasoning: past history
and current trends. Med Educ. 2005;39(4):418-427.

3. Schmidt HG, Mamede S. How to improve the teaching
of clinical reasoning: a narrative review and a proposal.
Med Educ. 2015;49(10):961-973.

4. Blunk DI, Tonarelli S, Gardner C, Quest D, Petitt D,
Leiner M. Evaluating medical students’ clinical reasoning
in psychiatry using clinical and basic science concepts
presented in session-level integration sessions. Med Sci
Educ. 2019;29(3):819-824.

5. Xu H, Ang BW, Soh JY, Ponnamperuma GG. Methods

60 | Korean J Med Educ 2022 Mar; 34(1): 49-61.

10.

11.

12.

13.

14.

15.

to improve diagnostic reasoning in undergraduate
medical education in the clinical setting: a systematic

review. ] Gen Intern Med. 2021;36(9):2745-2754.

. Charlin B, Boshuizen HP, Custers EJ, Feltovich PJ.

Scripts and clinical reasoning. Med Educ. 2007;41(12):
1178-1184.

Pinnock R, Anakin M, Lawrence J, Chignell H, Wilkinson
T. Identifying developmental features in students’ clinical
reasoning to inform teaching. Med Teach. 2019;41(3):
297-302.

. Eva KW. What every teacher needs to know about

clinical reasoning. Med Educ. 2005;39(1):98-106.

. Custers EJ, Boshuizen HP, Schmidt HG. The influence

of medical expertise, case typicality, and illness script
component on case processing and disease probability
estimates. Mem Cognit. 1996;24(3):384-399.

Keemink Y, Custers EJEM, van Dijk S, Ten Cate O.
Illness script development in pre-clinical education
through case-based clinical reasoning training. Int ] Med
Educ. 2018;9:35-41.

Lubarsky S, Dory V, Audétat MC, Custers E, Charlin B.
Using script theory to cultivate illness script formation
and clinical reasoning in health professions education.
Can Med Educ J. 2015;6(2):e61-e70.

Barrows HS, Feltovich PJ. The clinical reasoning process.
Med Educ. 1987;21(2):86-91.

McLaughlin K, Coderre S, Mortis G, Mandin H. Expert-
type knowledge structure in medical students is as-
sociated with increased odds of diagnostic success. Teach
Learn Med. 2007;19(1):35-41.

Young JQ, van Dijk SM, O’Sullivan PS, Custers EJ, Irby
DM, Ten Cate O. Influence of learner knowledge and
case complexity on handover accuracy and cognitive load:
results from a simulation study. Med Educ. 2016;50(9):
969-978.

van Schaik P, Flynn D, van Wersch A, Douglass A, Cann

P. Influence of illness script components and medical



20.

21.

22.

23.

practice on medical decision making. ] Exp Psychol Appl.
2005;11(3):187-199.

. Schmidt HG, Rikers RM. How expertise develops in

medicine: knowledge encapsulation and illness script

formation. Med Educ. 2007;41(12):1133-11309.

. Woloschuk W, Harasym P, Mandin H, Jones A. Use of

scheme-based problem solving: an evaluation of the
implementation and utilization of schemes in a clinical

presentation curriculum. Med Educ. 2000;34:437-442.

. Lee A, Joynt GM, Lee AK, et al. Using illness scripts to

teach clinical reasoning skills to medical students. Fam

Med. 2010;42(4):255-261.

. Cooper N, Bartlett M, Gay S, et al. Consensus statement

on the content of clinical reasoning curricula in under-
graduate medical education. Med Teach. 2021;43(2):
152-159.

Sharma R, Gordon M, Dharamsi S, Gibbs T. Systematic
reviews in medical education: a practical approach:
AMEE guide 94. Med Teach. 2015;37(2):108-124.
Reed DA, Cook DA, Beckman TJ, Levine RB, Kern DE,
Wright SM. Association between funding and quality of
published medical education research. JAMA. 2007;
298(9):1002-1009.

Hennrikus EF, Skolka MP, Hennrikus N. Applying
metacognition through patient encounters and illness
scripts to create a conceptual framework for basic science
integration, storage, and retrieval. ] Med Educ Curric
Dev. 2018;5:2382120518777770.

Moghadami M, Amini M, Moghadami M, Dalal B,
Charlin B. Teaching clinical reasoning to undergraduate
medical students by illness script method: a randomized

controlled trial. BMC Med Educ. 2021;21(1):87.

Jihyun Si: Strategies for developing pre-clinical students’ clinical reasoning

24.

25.

26.

27.

28.

29.

30.

31.

Peixoto JM, Mamede S, de Faria RM, Moura AS, Santos
SM, Schmidt HG. The effect of self-explanation of
pathophysiological mechanisms of diseases on medical
students’ diagnostic performance. Adv Health Sci Educ
Theory Pract. 2017;22(5):1183-1197.

Royan R, Wu C, Theyyunni N, et al. Anything but
Shadowing!: early clinical reasoning in emergency depart-
ment improves clinical skills. West ] Emerg Med. 2018;
19(1):177-184.

Jackson JM, Strowd LC, Peters TR. The simulated
virology clinic: a standardized patient exercise for pre-
clinical medical students supporting basic and clinical
science integration. MedEdPORTAL. 2020;16:10957.
Boshuizen HP, van de Wiel MW, Schmidt HG. What
and how advanced medical students learn from reasoning
through multiple cases. Instr Sci. 2012;40(5):755-768.
Rumelhart DE, Norman DA. Accretion, tuning and
restructuring: three modes of learning. In: Cotton JW,
Klatzky RL, eds. Semantic Factors in Cognition. Santa
Barbara, USA: University of California Press; 1978:
37-53.

Sweller J. Measuring cognitive load. Perspect Med Educ.
2018;7(1):1-2.

Chamberland M, Mamede S, St-Onge C, Setrakian J,
Bergeron L, Schmidt H. Self-explanation in learning
clinical reasoning: the added value of examples and
prompts. Med Educ. 2015;49(2):193-202.

Stark R, Kopp V, Fischer MR. Case-based learning with
worked examples in complex domains: two experimental
studies in undergraduate medical education. Leamn Instr.

2011;21(1):22-33.

KOREAN JOURNAL OF MEDICAL EDUCATION KJME | 6]



