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ABSTRACT

Background Published clinical problem solving exercises have emerged as a common tool to illustrate aspects of the clinical
reasoning process. The specific clinical reasoning terms mentioned in such exercises is unknown.

Objective We identified which clinical reasoning terms are mentioned in published clinical problem solving exercises and
compared them to clinical reasoning terms given high priority by clinician educators.

Methods A convenience sample of clinician educators prioritized a list of clinical reasoning terms (whether to include, weight
percentage of top 20 terms). The authors then electronically searched the terms in the text of published reports of 4 internal
medicine journals between January 2010 and May 2013.

Results The top 5 clinical reasoning terms ranked by educators were dual-process thinking (weight percentage = 24%), problem
representation (12%), illness scripts (9%), hypothesis generation (7%), and problem categorization (7%). The top clinical reasoning
terms mentioned in the text of 79 published reports were context specificity (n = 20, 25%), bias (n = 13, 17%), dual-process thinking
(n =11, 14%), illness scripts (n = 11, 14%), and problem representation (n = 10, 13%). Context specificity and bias were not ranked
highly by educators.

Conclusions Some core concepts of modern clinical reasoning theory ranked highly by educators are mentioned explicitly in
published clinical problem solving exercises. However, some highly ranked terms were not used, and some terms used were not
ranked by the clinician educators. Effort to teach clinical reasoning to trainees may benefit from a common nomenclature of
clinical reasoning terms.

Introduction Clinical problem solving exercises have emerged as
a written form intended to illustrate aspects of the
diagnostic reasoning process.'*'” An expert clinician

Research in cognitive psychology has advanced the i X s i
s : sequentially discusses clinical information presented;
community’s understanding of the mental process

o . S some journals also include an explicit discussion of
characteristic of clinical reasoning.'™ As a funda- J P

clinical reasoning concepts. In this format, the reader
is exposed to a “think-out-loud” version of the
thought process of the expert clinician. Such pub-
lished exercises offer a venue for learning clinical

mental skill in the practice of medicine, how to teach
and assess clinical reasoning is a matter of continued
study.”™"! Evidence suggests that residents and stu-
dents value the clinical reasoning of experienced
clinicians.'®'? In fact, the “sharing of attending’s
thought process” was the highest-rated attribute of
successful teaching rounds for residents and medical
students in 1 study.'” Similarly, medical students
reported learning clinical reasoning from their resi-
dent teachers when the behavior is role modeled
during clinical encounters."®> However, a common

reasoning, akin to learning clinical medicine from
case reports.

To our knowledge, the specific clinical reasoning
terms discussed in such clinical problem solving
exercises is unknown. In this pilot study, we identified
the terms (valued highly by clinician educators) from
the clinical reasoning literature that are being used in

o ) published clinical problem solving exercises.
nomenclature of clinical reasoning terms does not
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exist to date. Methods
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narrow the list, a convenience sample of 7 educators
at a single institution selected clinical reasoning terms
they would include in a review on the subject. Of the
list of 43 potential terms, the top 20 terms receiving at
least 5 endorsements for inclusion were included in
the next step (lists are provided as online supplemen-
tal material).

To further prioritize the list, a convenience sample of
8 educators at a single institution independently
ranked the terms using a card sort method.?* Manual
card sorting incorporates a visual, motor, cognitive
dimension that lends itself to more accurate portrayals
of opinions.** To combine rankings by each individual,
we used the rank order centroid method. This method
provides a reliable means of prioritizing terms among a
group of decision makers that is superior to subjective
weighting by individuals, translating ordinal rankings
into weighted values.?>** With the rank order
centroid method, weighted values are directly propor-
tional to the number of terms being ranked. For
example, for 3 terms ranked as first, second, and third
(if just 3 terms are available), their relative weights are
0.61, 0.28, and 0.11, respectively. For each individual,
the sum of weights applied to each set of ranked terms
is always equal to 1, ensuring consistent weight
distribution among the ordinal ranks submitted by
each individual.*® The main measure for prioritizing
clinical reasoning terms was the weight percentage
(percentage = [sum of weights / number of raters] X
100). Post-hoc, we recalculated the weight percentage
after combining system 1 (nonanalytic) and system 2
(analytic) into dual-process thinking as they reflect a
unified concept. We also excluded the term diagnosis
as it was mentioned in all published exercises and it
lacks specificity as a clinical reasoning term.

Review by the Institutional Review Board was not
obtained because individuals were a convenience
sample of clinician educators who worked with the
authors teaching clinical reasoning.

Text Search of Clinical Reasoning Terms

To search the literature of clinical reasoning exercis-
es, we included all articles between January 2010
and May 2013 listed in the table of contents of The
New England Journal of Medicine (“Clinical Prob-
lem Solving”), Journal of Hospital Medicine (“Clin-
ical Care Conundrum?), Journal of General Internal
Medicine (“Exercises in Clinical Reasoning”), and
The American Journal of the Medical Sciences
(“Clinical Reasoning: A Case-Based Series”). We
then searched for the terms in the text of those
reports using a semi-automated approach (steps are
provided as online supplemental material). The main
measures were the percentage of articles in which
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What was known and gap

Research in cognitive psychology has advanced under-
standing of the mental process characteristic of clinical
reasoning.

What is new

A convenience sample of clinical educators identified and
ranked clinical reasoning terms and compared them to terms
used in published exercises.

Limitations
Single site study and lack of exploration of terms in context.

Bottom line

Core concepts of modern theories of clinical reasoning
ranked highly by educators are not mentioned consistently
in published clinical problem solving exercises; teaching of
clinical reasoning would benefit from the use of common
nomenclature.

each clinical reasoning term was mentioned at least
once and the number of times when the term was
mentioned.

Results

A total of 79 clinical problem solving style exercises
were published during the study period: 41 (52%) in
The New England Journal of Medicine, 22 (28%) in
the Journal of Hospital Medicine, 11 (14%) in the
Journal of General Internal Medicine, and 5 (6%) in
The American Journal of the Medical Sciences.

Clinical Reasoning Terms

The 20 clinical reasoning terms, weights assigned by
each educator, and the prioritization of terms are
provided as online supplemental material. The
prioritized list of clinical reasoning terms is shown
in the FIGURE (left panel); the terms with the greatest
weight percentage included dual-process thinking
(24%), problem representation (12%), illness scripts
(9%), bypothesis generation (7%), problem categori-
zation (7%), flexibility (7%), metacognition (6%),
slowing down when you should (5%), cognitive error
(4%), and framing (4%). Dual-process thinking
included system 1 (nonanalytic) and system 2
(analytic).

Text Search of Clinical Reasoning Terms

The frequency of clinical reasoning terms specifically
mentioned in the text across the published clinical
problem exercises (n=79) is shown in the FIGURE
(right panel). The top 10 terms were context
specificity (n =20, 25%), bias (n =13, 17%), dual-
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Prioritization by Educators (n = 8)

Sum ROC

Dual-process thinking 24% (1.73)

Problem representation (0.89)
lliness scripts (0.64)
Hypothesis generation (0.50)
Problem categorization (0.48)
Flexibility (0.48)
Metacognition (0.42)
Slowing down when you should (0.38)
Cognitive error (0.32)
Framing (0.27)
Premature closure (0.25)
Bias (0.24)
Naturalistic decision making (0.19)
Anchoring 0.17)
System error 0.17)

Context specificity (0.13)

Overconfidence (0.10)

20%

0% 10% 30%

FIGURE
Clinical Reasoning Terms

Text Analysis of Published Clinical Problem

Median (min-max)

Dual-process thinking 1 (1-35)
Problem representation 35 (1-12)
lliness scripts 4 (1-10)
Hypothesis generation 3 (2-8)
Problem categorization -
Flexibility 3 (3-3)
Metacognition 2 (2-2)
Slowing down when you... -
Cognitive error 3.5 (1-6)
Framing 2 (2-5)
Premature closure 2 (1-3)
Bias 1.(1-17)
Naturalistic decision making 1.(1-1)
Anchoring 2(1-4)
System error 2 (22
Context specificity 25% T4
Overconfidence a1

0% 10% 20% 30%

Note: Prioritization by educators (left panel) and text analysis of published clinical reasoning exercises (right panel). Prioritization by educators (left
panel): percentage values are relative to the sum of weights of each term using the rank order centroid (ROC) method; values indicate sum ROC. Text
analysis (right panel): percentage of articles in which each clinical reasoning term was mentioned at least once in the text of published clinical problems
solving exercises (n = 79); values indicate number of times when the term was mentioned. Dual-process thinking includes system 1 (non-analytic) and
system 2 (analytic) and the term diagnosis is excluded (see Methods section).

process thinking (n=11, 14%), illness scripts
(n=11, 14%), problem representation (n=10,
13%), hypothesis generation (n=9, 11%), prema-
ture closure (n=7, 9%), anchoring (n="7, 9%),
cognitive error (n =4, 5%), and framing (n = 3, 4%).
When a term was included in the text, the terms were
mentioned a median of 1 to 4 times (range 1 to 35) as
shown in the FIGURE.

Discussion

In this study, we identified terms from the clinical
reasoning literature being used in published clinical
problem solving exercises. Educators who teach
clinical reasoning prioritized the top clinical reason-
ing terms for inclusion in a review of clinical
problem solving exercises. The top 5 terms were
dual-process thinking (including system 1 and system
2), problem representation, illness scripts, hypothesis
generation, and problem categorization. The 5 terms
mentioned most frequently in published clinical
problem solving cases were context specificity, bias,
dual-process thinking, illness scripts, and problem
representation.

Three terms ranked highly by educators were also
included in the terms mentioned frequently in
published exercises: dual-process thinking, problem
representation, and illness scripts. At the same time,
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the top 2 terms mentioned in the text of published
exercises were not highly ranked by educators.
Context specificity,”” the influence of contextual
factors (eg, setting, patient characteristics) on the
clinical reasoning process of the clinician, ranked first
in published exercises, yet ranked second to last on
the list prioritized by educators. Bias ranked second in
published exercises and 12th in the list by educators.
Premature closure and anchoring also were among
the 10 terms most frequently mentioned in published
exercises, yet they ranked in the bottom half of the
educators’ list.

Our study did not formally examine the reasons for
these discrepancies. Educators may have ranked these
terms lower in an attempt to rank broader, more
encompassing terms higher or, given their clinical
experiences, prioritized higher what is possible to
teach. Finally, the structure posed by the journals may
highlight certain terms. For example, terms that
explain cognitive errors (bias, anchoring, and prema-
ture closure) have received attention in recent
literature.

Our findings have implications for educators and
future research. First, teaching clinical reasoning,
both in person and through published exercises, will
likely benefit from a common nomenclature of terms
and concepts. Increasingly, efforts are being placed
on distilling the knowledge we have about clinical



reasoning into a core group of terms readily
accessible to clinical educators.’"**° As outlined by
Norman,' the clinical reasoning literature is difficult
to synthesize, due to the scattering of clinical
reasoning experts and their publications across a
wide array of journals, which leads to discord over
even basic clinical reasoning terms. Our findings
contribute to the discourse on this matter, as the
discrepancies noted between the priorities placed by
educators and the terms mentioned in the published
exercises are intriguing and worth further explora-
tion.

Second, the list shines light on potential topics for
future clinical problem solving cases. Problem cate-
gorization, flexibility, metacognition, and slowing
down when you should were rated among the top
10 terms by educators in our study, but were rarely
mentioned in published clinical problem solving
exercises. New articles discussing these concepts and
their application would add to the breadth of clinical
reasoning terms in the clinical problem solving
literature.

Our study has limitations. First, the selection of
clinical reasoning terms was challenging. For exam-
ple, although 1 aspect of meta-cognition is self-
reflection,”® we did not include the term as a
component of meta-cognition. Second, the educators
who ranked the terms were from a single institution
and may have used a local mental model of clinical
reasoning, limiting generalizability. Third, we did not
explore the context in which clinical reasoning terms
were used. Fourth, clinical reasoning concepts illus-
trated but not explicitly mentioned in the text were
not examined.

Future studies may examine the clinical reasoning
concepts, rather than terms, discussed in published
exercises or other types of publications (clinical-
pathological conferences or morbidity and mortality
reports). Future studies are also needed to test the
effectiveness of using published exercises to teach
clinical reasoning skills in residency programs, as the
cases presented are rich in clinical detail and
complexity. For example, journals that include a
case discussion'®'® or explicit summary of clinical
reasoning’>*!” could be used in small group discus-
sions or independent study to reinforce clinical
reasoning terms learned as part of a broader clinical
reasoning curriculum. Cognitive errors, such as bias,
premature closure, and anchoring, could be dis-
cussed in the context of cases presented in published
exercises. Evidence from allied health education
suggests that “making thinking visible” enhances
the efficacy of communication between teacher and
student.?” The clinician’s commentary in published
exercises could be viewed as highly selected and
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edited versions of a think-out-loud presentation of a
case discussion. Residency programs may use local
clinical expertise to develop clinical problem solving
exercises from the findings of this pilot study and
other resources. For example, tips for presenting a
clinical problem solving exercise are available,®”
with clinical information presented iteratively while
the discussant thinks out loud as the case unfolds.
Engaging students with exercises that provide
explicit discussion about both diagnostic reasoning
and clinical management is a forum for simulated
practice.

Conclusion

Core concepts of modern clinical reasoning theory
ranked highly by educators are mentioned explicitly
in published clinical problem solving exercises;
however, discrepancies exist between several highly
ranked terms and their frequency in the literature.
This study advances existing efforts to identify a
unified common nomenclature of clinical reasoning
concepts while simultaneously highlighting several
potential topics for future clinical problem solving
cases.
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