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BACKGROUND: In recent years, there have been numer-
ous studies exploring different teaching methods for im-
proving diagnostic reasoning in undergraduate medical
students. This systematic review examines and summa-
rizes the evidence for the effectiveness of these teaching
methods during clinical training.
METHODS: PubMed, Embase, Scopus, and ERIC were
searched. The inclusion criteria for the review consist of
articles describing (1) methods to enhance diagnostic rea-
soning, (2) in a clinical setting (3) on medical students.
Articles describing original research using qualitative,
quantitative, or mixed study designs and published with-
in the last 10 years (1 April 2009–2019) were included.
Results were screened and evaluated for eligibility. Rele-
vant data were then extracted from the studies that met
the inclusion criteria.
RESULTS: Sixty-seven full-text articles were first identi-
fied. Seventeen articleswere included in this review. There
were 13 randomized controlled studies and four quasi-
experimental studies. Of the randomized controlled stud-
ies, six discussed structured reflection, four self-explana-
tion, and three prompts for generating differential diagno-
ses. Of the remaining four studies, two employed the
SNAPPS1 technique for case presentation. Two other
studies explored schema-based instruction and using ill-
ness scripts. Twelve out of 17 studies reported improve-
ment in clinical reasoning after the intervention. All stud-
ies ranked level two on the New World Kirkpatrick model.
DISCUSSION: The authors posit a framework to teach
diagnostic reasoning in the clinical setting. The framework
targets specific deficiencies in the students’ reasoning pro-
cess. There remains a lack of studies comparing the effec-
tiveness of different methods. More comparative studies
with standardized assessment and evaluation of long-
term effectiveness of these methods are recommended.
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INTRODUCTION

Clinical reasoning (CR) can be defined as “a process that
operates toward the purpose of arriving at a diagnosis, treat-
ment, and/or management plan.”1 It is a complex process that
involves a series of steps and cognitive functions.2 Effective
CR is an essential skill for clinicians to acquire2 as it reduces
cognitive errors,3 which contribute to the bulk of mistakes
made in medicine4 and compromise patient safety.5, 6

This systematic review will focus on examining existing
methods in the literature to teach diagnostic reasoning (i.e., the
process of arriving at a diagnosis). A suggested framework for
breaking down the process into its various components is
shown:7–9

1. Data acquisition
2. Problem representation
3. Hypothesis generation
4. Searching for and selection of illness script (comparing

and contrasting illness scripts)
5. Diagnosis

Without the right diagnosis, empiric therapy will likely be
ineffective for patients and, therefore, greater emphasis should
be placed on this process.10

CR is often assumed to be a process that can be learnt
through direct observation of expert clinicians.11 This leads
to students receiving irregular feedback and varying quality of
supervision,12 causing poor knowledge structures and an in-
ability to synthesize clinical features during patient encoun-
ters.13 The lack of feedback also leads to poor insight.14
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Timely and regular feedback based on observation of students’
reasoning skill with an emphasis on correctable deficit is
recommended.15, 16 Therefore, this review will focus on teach-
ing methods that can be used in clinical settings (wards, clinics)
as opposed to classroom-based techniques (e.g., problem-based
learning). It will also provide suggestions on how tutors can
give personalized feedback to students to refine their clinical
judgment by targeting specific components of CR.17

To evaluate the impact of these teachingmethods, the authors
will apply the New World Kirkpatrick Model (NWKPM) to
categorize the studies. The NWKPM consists of four levels
(Table 1); a higher level reflects stronger evidence for the
effectiveness of an intervention and its impact in bringing about
a demonstrable improvement in the learner’s behavior.18

Hence, the two questions investigated by this systematic
review are:

1. How can different components of diagnostic reasoning
be taught to medical students in the clinical setting?

2. How impactful are the interventions based on the
NWKPM?

METHODS

Protocol, Information, and Search Strategy

We performed a systematic review in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline.19 This study was not regis-
tered under PROSPERO. Two reviewers (AB, XH) conducted
electronic database searches (on 6 Mar 2019) on PubMed,
Embase, Scopus, and ERIC, using keywords related to CR,
teaching, learning, and medical students. A hand search was
also performed by examining the references of the articles that
were reviewed in full. The exact search terms are presented
under Supplementary Information. Figure 1 shows the com-
plete search and study selection strategy.

Study Selection, Eligibility Criteria

The inclusion criteria were articles describing (1) methods to
enhance diagnostic reasoning, (2) in a clinical setting, (3) on
medical students. These articles are (4) either original research
using qualitative, quantitative, or mixed study designs and (5)

published within the last 10 years (1 April 2009–2019). Only
studies over the past decade were chosen because the authors
are keen to focus on evaluating more recent developments in
teaching CR.20 Another article has reviewed studies further in
the past.21

The exclusion criteria were (1) CR not in the field of
medicine (e.g., nursing, physiotherapy); (2) papers that only
addressed patient management; (3) not involving medical
students; and (4) editorials/commentaries/letters.
For papers which discussed other areas of CR, the authors

only focused on extracting information that is related to im-
proving diagnostic reasoning.
AB and XH independently screened the title and abstract of

each article for relevance. Any discrepancies were resolved
through discussion. An extended discussion involving GP was
employed if no agreement could be reached. Full-text articles
were then reviewed and analyzed independently byAB andXH.

Data Collection Process

We piloted a data extraction sheet on five random papers
included in this review. Piloting did not change any of the
constituents of the sheet. AB and XH independently extracted
data for the studies and compared the data, with any discrep-
ancies resolved through discussion. From each study, the fol-
lowing information was extracted (if applicable): (1) study
design; (2) participants; (3) teaching method(s); (4) assessment
tools used to evaluate the method(s); (5) reported improvement
in CR; and (6) NWKPM level based on study design and
methodology. An assessment was also performed using the
Cochrane Collaboration’s Tool for Assessing Risk of Bias.22

RESULTS

Study Selection and Characteristics

Database searches yielded 1550 records. One article was iden-
tified by hand search. This was narrowed down to 1070 after
removal of duplicates. Screening of abstracts identified 67
articles for full-text reading. Of these, 17 satisfied the review
criteria. There were 13 randomized controlled studies (five
discussed reflection, four self-explanation, one on generating
differential diagnoses, one on schema-based instruction, one
on illness scripts, one SNAPPS1). Of the remaining four,
there were three quasi-experimental studies (two on generat-
ing differential diagnoses, one on SNAPPS,) and one within-
subjects study (reflective reasoning). Twelve studies reported
improvement in CR. Article demographics are summarized
in Table 2. The teaching methods, their effectiveness, and
NWKPM level are summarized in Table 3. The risk of bias
for “incomplete outcome data” of the studies was generally

Table 1 The Four Levels of the New World Kirkpatrick Model

Level Description

1 Reaction Evaluates the impression of the program. Does not
measure outcomes but gauges the motivation and
interest of participants.

2 Learning Measures what participants have learnt in terms of
knowledge/skills by using assessments and role plays
to demonstrate the skills.

3 Behavior Involves assessment of newly learnt knowledge/skill in
the workplace. Determines if participants apply the
new skills in the working environment.

4 Results Measures the overall impact of the training at the
organizational level (e.g., misdiagnosis rates, patient
adverse events, etc.)

1 SNAPPS stands for summarize history and findings; narrow the

differential; analyze the differential; probe preceptor about uncertainties;

plan management; select case-related issues for self-study.
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low, and there was generally scarce information or unclear
risk of bias for the remaining domains.

Teaching Methods Useful in the Clinical Setting

A variety of teaching strategies for CR surfaced through this
review. We now present these methods in the order of fre-
quency that they are studied.
Structured Reflection. Structured reflection (SR) improves
diagnostic accuracy in complex problems and counteracts
cognitive errors among physicians.23–25 In SR, students first
generate their own list of differential diagnoses without
prompts. They then analyze the supporting and rejecting fea-
tures, expected but absent findings, and alternative differential
diagnoses, and prioritize the differential diagnoses.26 When
students use SR for developing CR, they engage in elaboration
and refinement of their own repertoire of illness scripts. Illness
scripts are “mental cue cards” consisting of key features of
individual diseases.27 These mental representations are crucial
for future problem-solving. Structured reflection has the po-
tential to improve students’ diagnostic competency by encour-
aging students to compare different illness scripts in a clinical
encounter.28

Mamede et al.26 studied this technique in 2012. The SR
group outperformed other groups (p < 0.01, p = 0.01) in the
delayed test phase despite performing worse in the immediate
test phase (p = 0.012 and 0.04). Subsequently, Myung et al.29

studied a similar technique and demonstrated a significant
improvement in diagnostic accuracy scores (p = 0.016)
in the group who utilized the technique. In another 2014
study by Mamede et al.,30 diagnostic performance in the
SR group improved significantly (p < 0.01) compared to
others when approaching new exemplars of criterion
diseases and cases of new diseases. In 2019, they ex-
tended the technique by comparing between free, cued,
and modeled reflection.31 The cued reflection group
performed significantly better than others when diagnos-
ing criterion cases (p < 0.02), but this improvement was
not extended to adjacent diseases.
Two studies utilizing SR did not demonstrate improvement

in diagnostic accuracy. Lambe et al.32 did not find any signif-
icant differences (p > 0.05) between the control and interven-
tional groups. They proposed that the cases used in the study
were not structurally complex, while SR has been shown to be
effective in more complex cases.25 Mamede et al.33 also found
that reflective reasoning (compared to non-analytical reason-
ing and “deliberation without attention”) did not increase
diagnostic accuracy of students in the face of salient
distracting clinical features. However, it was useful among
residents (p = 0.03). They suggested that students are novices
who do not yet possess an adequate knowledge base about
supporting and rejecting features of diseases, making compar-
isons difficult.33
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Self-Explanation. Self-explanation (SE) is an active process
in which the learner uses “remarks…to oneself after reading…
statements in a text…or a problem….” SE allows the student
to revise his/her biomedical knowledge and build a more
coherent representation of the disease. In SE, learners actively
link clinical features of a disease to their prior knowledge. This
facilitates knowledge assimilation, elaboration, and
restructuring, leading to a better development of illness
scripts.34 This method is more useful in the early stages of
clinical training where the learner does not have a robust set of
illness scripts yet.12

Chamberland et al. conducted three studies on SE.34–36 The
2011 study35 showed that SE resulted in better diagnostic
performance than the control group after one week (p <
0.05) and was especially useful for less familiar cases. A
follow-up 2015 study34 compared between SE alone and
listening to SE models (example cases using SE, performed
by peers and experts) in addition to students’ own SE. All
groups showed significant improvement in diagnostic perfor-
mance. The addition of other SE models did not produce
significantly more improvement as hypothesized. Another
2015 study36 compared students’ SE alone and listening to
residents’ SE models, with/without addition of prompts (jus-
tification prompts and mental model revision prompts). All
three groups showed significant improvement. The group that
benefitted from other residents’ SE along with the prompts

produced by themselves showed significantly more improve-
ment than the other two groups. Performance in transfer cases
also improved significantly, reflecting deep and meaningful
learning. This showed that choosing the right level of expertise
in providing SE models is important.
Peixoto et al.37 conducted another study with a similar

design but focusing on SE of pathophysiological mechanisms
of diseases. They did not find any significant improvement in
diagnostic performance between both groups. They postulated
that the positive effect depends on the studied diseases sharing
similar pathophysiological mechanisms.

Prompts for Differential Diagnoses. A core aspect of clinical
reasoning is to generate a broad range of initial differential
diagnoses, then narrowing it down as more clinical
information is obtained. Many students face difficulties in
the initial generation of differential diagnoses. This is not
necessarily due to insufficient content knowledge, but rather
a deficiency in metacognitive skills.38

Chai et al.39 assessed and compared the utility of mnemonics
(surgical sieve: VITAMIN CD2) and Compass Medicine to
increase the number of differential diagnoses generated.
Compass Medicine is a handheld wheel which consisted of

Table 2 Article Demographics of the 17 Included Empirical Studies

No. Author(s) and year Journal Study participants Study design

1. Mamede et al., 2012 BMJ Quality and Safety 4th year medical students (n = 50)
and IM residents (n = 34)

Within-subjects, post-test only

2. Mamede et al., 2012 Medical Education 4th year medical student (n = 46) Randomized, three-group, pre-post
comparison

3. Mamede et al., 2014 Academic Medicine 4th year medical students (n =
110)

Randomized, three-group, pre-post
comparison

4. Mamede et al., 2019 Medical Education 3rd year medical students (n = 80) Randomized, three-group, pre-post
comparison

5. Myung et al., 2013 Medical Teacher 4th year medical students (n =
145)

Randomized, two-group, post-test
only

6. Chamberland et al.,
2015

Medical Education 3rd year medical students (n = 54) Randomized, three-group, pre-post
comparison

7. Chamberland et al.,
2015

Advances in Health Science Education 3rd year medical students (n = 53) Randomized, three-group, pre-post
comparison

8. Chamberland et al.,
2011

Medical Education 3rd year medical students (n = 36) Randomized, two-group, pre-post
comparison

9. Peixoto et al., 2017 Advances in Health Sciences education:
Theory and Practice

4th year medical students (n = 39) Randomized, two-group, post-test
only

10. Chai et al., 2017 The Clinical Teacher 3rd year medical students (n = 48) Randomized, two-group, pre-post
comparison

11. Chew et al., 2017 BMC Medical Education 5th year medical students (n = 88) Quasi-experimental (non-
equivalent two-group, post-test on-
ly)

12. Lambe et al., 2018 Frontiers in Psychology 4th and 5th year medical students
(n = 184)

Randomized, three-group, post-test
only

13. Shimizu et al., 2013 Medical Teacher 4th to 6th year medical students (n
= 188)

Quasi-experimental (two-group,
post-test only)

14. Sawanyawisuth
et al., 2015

Medical Teacher 5th and 6th year medical students
(n = 303)

Quasi-experimental (four-group,
post-test only)

15. Wolpaw et al., 2009 Academic Medicine: Journal of the
Association of American Medical
Colleges

3rd year medical students (n = 64) Randomized, three-group post-test
only

16. Lee et al., 2010 Family Medicine 4th year medical students (n = 53) Randomized, two-group, pre-post
comparison

17. Blisset et al., 2012 Medical Education 2nd year medical students (n = 53) Randomized, two-group, post-test

2 VITAMIN CD stands for Vascular, Infectious, Traumatic, Autoimmune,

Metabolic, Iatrogenic, Neoplastic, Congenital, Degenerative.
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Table 3 Results of the 17 Included Empirical Studies

No. Source Teaching/learning method Assessment/measurement tools Improvement in CR? KPM
level

1. Mamede et al.,
2012

- Reflective reasoning - Participants solved 12 clinical cases
using either:
(1) Non-analytical reasoning
(2) Reflective reasoning
(3) Deliberation without attention
- Their results for non-analytical rea-
soning and reflective reasoning were
evaluated by 5 board-certified internists

No (students did not demonstrate
an increased number of correct
diagnoses)

2

2. Mamede et al.,
2012

- Structured reflection - Medical students diagnosed six
clinical cases using either:
(1) Structured reflection
(2) Immediate diagnosis
(3) Differential diagnosis generation
- Students’ diagnostic performance
during their learning phase, immediate
post-test phase, and delayed (1 week)
post-test phase were compared

Yes (improvement in
performances for delayed test
phase was observed)

2

3. Mamede et al.,
2014

- Structured reflection - Medical students diagnosed four
clinical of two criterion diseases using
either:
(1) Structured reflection
(2) Single diagnosis
(3) Differential diagnosis generation
- One week later, students were
requested to diagnose:
(a) Two novel exemplars of each
criterion disease
(b) Four cases of new diseases that were
plausible alternative diagnosis to the
criterion diseases in the learning phase

Yes (students obtained higher
mean diagnostic accuracy score
when diagnosing new exemplars
of criterion diseases)

2

4. Mamede et al.,
2019

- Structured reflection - Medical students diagnosed nine
clinical cases using either:
(1) Free reflection
(2) Cued reflection
(3) Modeled reflection
- Two weeks later, students were
requested to diagnose:
(a) Four novel exemplars of diseases
studied in first phase
(b) Four cases of adjacent disease
(c) Two fillers

Yes (students performed better in
terms of diagnostic accuracy
measured by the number of
correctly diagnosed cases)

2

5. Myung et al.,
2013

- Structured reflection - Mean diagnostic scores from four
objective structured clinical
examinations (OSCE) were compared
between the control and intervention
group

Yes (students have a
significantly higher mean
diagnostic accuracy score)

2

6. Chamberland
et al., 2015

SE
- Residents’ SEs with prompts
- Residents’ SEs without
prompts

- Students’ diagnostic performances
were compared pre- and post-interven-
tion, both immediately and after 1 week

Yes (students obtained a higher
diagnostic accuracy and
performance score)

2

7. Chamberland
et al., 2015

SE
- Provided by peers
- Provided by experts

- Students’ diagnostic performances
were compared pre- and post-interven-
tion, based on 4 clinical cases, both
immediately and after 1 week

No (diagnostic performance did
not show any difference on
transfer cases)

2

8. Chamberland
et al., 2011

- SE - Students’ diagnostic performances
were compared pre- and post-interven-
tion, both immediately and after 1
week, using a scoring grid developed to
mark the questions

Yes (intervention group
demonstrated better diagnostic
performances for less familiar
cases)

2

9. Peixoto et al.,
2017

SE
- on pathophysiological
mechanisms of disease

- Medical students solved 6 criterion
cases with or without SE
- One week later, the students solved 8
new cases of the same syndrome
- Students’ performances were
compared between both groups for:
(1) Accuracy of initial diagnosis for the
cases in the training phase
(2) Accuracy of final diagnosis after SE
have taken place
(3) Accuracy of the initial diagnosis
provided for the cases in the initial
assessment

No (no improvement in
diagnostic performances for all
diseases)

2

10. Chai et al., 2017 Generating DDx using: 2

(continued on next page)
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three concentric moving disks of different sizes, one each for
anatomy, pathology, and etiology. It is a modification of the
more commonly used surgical sieve methods, and it is based
on the visual, auditory, reading and writing, kinesthetic
(VARK) concept of learning.39 A significant increase in the
number of differential diagnoses was noted post-intervention
for both groups compared to pre-intervention (p = 0.001), with
no difference between the methods.
Shimizu et al.40 studied the effects of differential diagnoses

checklists (DDXCs) and general debiasing checklists (GDBC)

on diagnostic accuracy, and found that both can reduce diag-
nostic errors.41 DDXC users were guided to consider alterna-
tive diagnoses that should not be/are commonly missed. Med-
ical students using GDBC were guided to optimize their
cognitive load by providing a reproducible approach to diag-
nosis. The effect of both interventions was measured by the
number of correct diagnoses for five different cases. DDXC
led to more correct diagnoses in complex cases, while using
GDBC did not result in any significant improvement in diag-
nostic performance.40

Table 3. (continued)

No. Source Teaching/learning method Assessment/measurement tools Improvement in CR? KPM
level

- Surgical sieve
- Compass medicine (handheld
tool)

- 30-min written test to generate possi-
ble DDx
- The numbers of DDx generated before
and after the teaching were compared

Yes (significantly greater number
of differential diagnosis was
generated)

11. Chew et al., 2017 Generating DDx using:
- TWED checklist

- Script concordance tests No (intervention group did not
score significantly greater)

2

12. Lambe et al.,
2018

Generating DDx using:
- Short guided reflection
process
- Long guided reflection
process

- A series of clinical cases were
diagnosed by using first impressions, or
by using a short or long guided
reflection process
- Participants were asked to rate their
confidence at intervals

No (did not elicit more accurate
final diagnoses than diagnosis
based on 1st impression)

2

13. Shimizu et al.,
2013

Generating DDx using:
(1) DDXC
Structured framework using:
(1) GDBC

- Medical students were tasked to
complete 5 diagnostic cases (2 difficult,
3 easy) using either DDXC or GDBC
- The diagnostic mean score was
compared between both groups

Yes (increased in proportion of
correct diagnoses using DDXC)

2

14. Sawanyawisuth
et al., 2015

SNAPPS
- In ambulatory clinic

- 12 outcome measures were used to
assess an audio-recorded case presenta-
tion of medical students
- Relevant measures were:
(1) Number of basic clinical attributes
of the chief complaint and history of
present illness
(2) Number of differential diagnoses
considered
(3) Number of justified diagnosis in the
differential diagnosis
(4) Number of basic attributes used to
support the diagnosis
(5) Number of presentations containing
both history of present illness and
physical exam findings

Yes (students had a greater
number of differential diagnosis
and more features to support the
differential diagnosis)

2

15. Wolpaw et al.,
2009

- SNAPPS - The content of each audio recording
was coded for 10 presentation elements
- Relevant measures are:
(1) Basic attributes of chief content and
history of present illness
(2) Inclusion of both history and
examination findings
(3) Formulation of a differential
diagnosis
(4) Justification of the hypothesis in the
differential
(5) Comparing and contrasting
hypotheses

Yes (students had a greater
number of differential diagnosis
and more features to support the
differential diagnosis)

2

16. Lee et al., 2010 3-h workshop on CR that used
illness scripts, conducted with
small-group teaching

- Using DTI to assess students’ CR
style and attitude pre- and post-inter-
vention
- Students’ diagnostic performances in
solving CR problems were compared
pre- and post-intervention

Yes (improvement in diagnostic
performances for CRP score)

2

17. Blisset et al., 2012 - Use of schemas - Written and practical test to assess
diagnostic accuracy measured by
percentage of questions answered
correctly

Yes (students performed better
on structured knowledge
questions and had higher
diagnostic success)

2

SE self-explanation, DDx differential diagnoses, DDXC differential diagnoses checklist, GDBC general debiasing checklist, DTI diagnostic thinking
inventory
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Chew et al. proposed the TWED3 checklist42 to highlight
limb/life-threatening conditions, evidence to make a clinical
diagnosis, alternative diagnoses and the consequences of
being incorrect. Other dispositional factors that could poten-
tially influence decision-making were included, forcing users
to consider additional patient information. Students that used
the TWED checklist performed better (p = 0.008) compared to
those who did not. However, this effect was only observed in
the first half of the trial and the authors postulated that the
TWED checklist could not be properly utilized due to time
constraints. Overall, no significant difference in diagnostic
performance between both groups was detected (p = 0.159).42

Case Presentation Techniques (SNAPPS). Case presentation
techniques provide students with a structured way to express
their clinical reasoning. This allows tutors to assess the
learner’s CR process and identify specific weaknesses.43

Such techniques also encourage students to focus less on
factual information and more on the CR process as well as
their uncertainties behind the case.
One example is SNAPPS, which is a “learner-centered

approach” to case presentation that encourages concise
reporting of facts and expression of CR.43–45 It is a six-step
process, one for summarizing the case and the remainder to
facilitate expression of CR. A 2009 study43 evaluated different
presentation elements (e.g., number of differential diagnoses,
comparing and contrasting hypotheses) related to CR using
SNAPPS. Students using SNAPPS gave twice as many dif-
ferential diagnoses (p < 0.000), justified their differential
diagnoses five times more frequently (p < 0.000), and com-
pared and contrasted hypotheses more often (p < 0.000) when
compared with a comparison group (focused on techniques for
obtaining feedback from preceptors) or a “usual and custom-
ary group” (any presentation format the student preferred with
no specific training). Another 2015 study46 evaluated the
generalizability of SNAPPS among Asian medical students.
Echoing the findings of the 2009 study,43 SNAPPS users
generated more differential diagnoses (p = 0.016) and provid-
ed more evidence to support their differentials (p = 0.001), in
comparison to the control group.

Illness Scripts and Knowledge Encapsulation/Structure. As
mentioned above, illness scripts are “mental cue cards”
representing individual diseases. They provide a structured
template for learners to organize their knowledge, in relation
to an illness, facilitating both problem representation and
comparing and contrasting of key clinical features in making
a diagnosis.8, 47 Key features of an illness script include
epidemiological factors, signs and symptoms of a disease, as
well as the pathophysiology behind it.27

Lee et al.13 conducted a workshop teaching students the
important elements of CR, problem representation, and how to
develop and select an appropriate illness script. Diagnostic

performance was assessed by objectively using 10 CR prob-
lems (CRP) and subjectively using the diagnostic thinking
inventory (DTI). The study found no significant difference in
the overall DTI score, and the post-flexibility and post-
structure subscales pre- and post-intervention between the
intervention and control groups. The intervention group fared
significantly better in CRP scores. In the intervention group,
43% scored the maximum possible CRP score, compared to
29% of the control group.13

Teaching and Learning Techniques Using Schemas. A
“schema” is a mental framework used to capture the gist of
real-world information and store them as more coherent forms
for use.47–49 It helps to identify key features that can be used to
include or exclude a set of diagnoses. Schemas differ from
illness scripts as illness scripts are formulated around an
individual disease. When encountering diagnostic challenges,
multiple illness scripts are recalled, and then compared. On the
other hand, schema is a mental framework that groups multi-
ple diseases together, along with their distinguishing features,
hence helping to reduce the cognitive load.48 Blissett et al.48

performed a trial using a schema-based instructional approach
for cardiac valvular lesions and assessed students using both
written and practical tests. For the written examination, the
schema-based instruction group had significantly higher
scores on structured knowledge questions (p < 0.0001) but
not on factual knowledge questions (p = 0.93), when com-
pared to the group that received traditional instructions. This
result was also seen in a follow-up test 2 to 4 weeks later. For
the practical test, the intervention group had greater diagnostic
accuracy (p < 0.001) for both taught and untaught conditions.

DISCUSSION

Heterogeneity of Interventions and
Implications for Undergraduate Medical
Education

There is vast heterogeneity in the methods used to teach CR to
medical students. This leads to a lack in standardization for
teaching CR, as well as differing methods of assessing CR.
This is expected as CR is a complicated process with no
recognized gold standard.8, 50, 51

Lambe et al.21 conducted a review examining studies from
1994 to 2014, and found several methods that could be useful to
improve CR. In our review, we examined more recent studies
that include a wider range of techniques (e.g., diagnostic tools
and case presentation techniques) that target different compo-
nents of CR. Furthermore, the prior review did not explore how
these techniques could be used to teach medical students in a
clinical setting. To build on this, we propose an exemplar
framework to guide tutors on how this could be done. The
framework proposed anchors on the principle of deliberate
practice.17, 52 While there have been multiple methods utilized
to teach CR, thesemethods only target specific component(s) of3 TWED stands for Threat, What else, Evidences, Dispositional influence.
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CR (Table 4).53–55 This may not be ideal as students have
varying strengths and weaknesses. Educators should utilize
different methods to target specific deficiencies. This allows
personalized feedback to be provided promptly for recalibration
in the student’s reasoning process to occur.17

This exemplar framework involves using SNAPPS to aid
students in expressing their CR process. By listening to the
presentation, tutors can identify areas in which the student is
weaker in, and subsequently employ the suggested methods to
improve the student’s deficit:

(1) An inability to summarize a patient’s key history and
physical examination findings in a succinct manner could
suggest a deficit in either data acquisition or problem
representation. To improve on this, tutors can strengthen
students’ illness scripts by highlighting key clinical and
epidemiological features that should be present in the
summary statement. The students’ learning can be
reinforced by encouraging them to practice self-
explanation thereafter on how the disease’s pathophys-
iology may lead to the clinical presentation. Upon
receiving this feedback, students can then clerk another
patient with a similar complaint. This can be repeated
until the tutor is satisfied with the summary statement.

(2) Difficulties in providing a list of differential diagnosis
points to a deficiency in hypothesis generation. To
overcome this, prompts for differential diagnoses could
be taught, This is paramount for preventing anchoring
bias and premature closure, especially for students early
in their training.56

(3) Being unable to analyze the differentials or provide the
correct diagnosis suggests a weakness in searching for
and selecting suitable illness scripts in their mental
repository. Students can use structured reflection if they
are deficient in this area. Based on the differential
diagnosis that has been generated, students can be asked
to verbalize key features that are present/absent in the
patient’s presentation. With this, tutors can guide
students to “weigh” diagnostic probabilities and hence
rank the differential diagnoses in order of
likelihood.26,30 This improves the student’s clinical
insight.10

While the authors did propose specific methods to im-
prove each component of CR, a limitation of this framework
is the lack of synthesized evidence comparing the effective-
ness of different methods. This makes it difficult for tutors to
choose the best strategies to teach students despite being able
to identify their weaker areas. Hence, future studies should
be performed to focus on comparing the effectiveness of
different strategies in improving a specific component of
CR.
Furthermore, the real-world impact of these interventions

on patient care remains unclear as all studies are ranked KPM
level 2. This echoes the findings of Lambe et al.21 Further
studies designed to target KPM level 3/4 are suggested. Such
studies will require more resources and planning, and it is
questionable whether these findings can be scaled up to prac-
tical teaching in the entire medical school. There may also be

Table 4 Teaching Methods to Enhance Diagnostic Reasoning

Component Teaching method How it helps

Data acquisition SNAPPS A technique that forces students to thoroughly think through all aspects of a case
Illness scripts Good organization and structure of knowledge allow student to be aware of what are the

pertinent features of history/examination to obtain and pay attention to
Schemas Highlights key features that differentiate between different conditions, allow a student to

be aware of what are the pertinent features of history/examination to obtain and pay
attention to

Problem representation SNAPPS As above
Self-explanation Facilitates knowledge assimilation and organization

Aids development of illness scripts
Illness scripts Good organization and structure of knowledge allow student to be aware of the pertinent

features to pay attention to
Schemas Highlights key features that differentiate between different conditions, allow a student to

be aware of the pertinent features to pay attention to
Hypothesis generation
(generation of DDx)

SNAPPS As above
DDx checklists
Mnemonics (Surgical
Sieve)
Handheld tools (Compass
Medicine)

Aids students in generating a broad base of differentials using a structured framework

Hypothesis testing
(comparing and contrasting
illness scripts)

SNAPPS As above
Self-explanation As above
Illness scripts Good organization and structure of knowledge will facilitate comparison of different

illnesses
Schemas Highlights key features that differentiate between different conditions
Structured reflection Forces students to analyze supporting and rejecting features of conditions and prioritize

differentials

SNAPPS summarize history and findings; narrow the differential; analyze the differential; probe preceptor about uncertainties; plan management;
select case-related issues for self-study; DDx differential diagnoses
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potential ethical and practical difficulties—it is neither fair nor
practical to limit a student to only a particular style of learning
for a prolonged period, and therefore compromising their
training as a clinician. Given the importance of CR to optimal
patient care, such an effort, with suitable methodological
alternations to overcome the said practical and ethical issues,
is justifiable and overdue.
Lastly, the effectiveness of these techniques in atypical

cases or presentations is also unclear. In the clinical environ-
ment, doctors encounter various problems and presentations.
Any tool utilized should cover these variations as much as
possible.31, 48, 57–63. Test cases in many studies are curated to
classical presentations, but patients may not present with such
discrete features.

Limitations of Review

CR can be taught in a large variety of ways worldwide, but
these might not have been studied or published. Gray literature
was also not included in our search, and we would have also
missed those not published in formal academic channels. We
also chose not to perform a metanalysis due to the significant
heterogeneity of the studies.

Conclusion

This review provides synthesized evidence for teaching CR to
medical students. The example framework provides tutors
with tools to improve students’ deficits in a targeted manner.
It considers students who might be in different phases of their
training and hence their skills in CR. All studies have been
ranked at NWKPM level two. We recommend more carefully
planned study designs and evaluation of long-term effective-
ness of these teaching methods using standardized assessment
methods.

Supplementary Information The online version contains supple-
mentary material available at https://doi.org/10.1007/s11606-021-
06916-0.
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