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Abstract
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Introduction: Clinical reasoning is the complex cognitive process that drives the diagnosis of disease and
treatment of patients. There is a national call for medical educators to develop clinical reasoning curricula
in undergraduate medical education. To address this need, we developed a longitudinal clinical reasoning
curriculum for internal medicine clerkship students. Methods: We delivered six 1-hour sessions to
approximately 40 students over the 15-week combined medicine-surgery clerkship at Penn State College
of Medicine. We developed the content using previous work in clinical reasoning, including the American
College of Physicians’ Teaching Medicine Series book Teaching Clinical Reasoning. Students applied a
clinical reasoning diagnostic framework to written cases during each workshop. Each session followed a
scaffold approach and built upon previously learned clinical reasoning skills. We administered a pre- and
postsurvey to assess students’ baseline knowledge of clinical reasoning concepts and perceived
confidence in performing clinical reasoning skills. Students also provided open-ended responses
regarding the effectiveness of the curriculum. Results: The curriculum was well received by students and
led to increased perceived knowledge of clinical reasoning concepts and increased confidence in
applying clinical reasoning skills. Students commented on the usefulness of practicing clinical reasoning in
a controlled environment while utilizing a framework that could be deliberately applied to patient care.
Discussion: The longitudinal clinical reasoning curriculum was effective in reinforcing key concepts of
clinical reasoning and allowed for deliberate practice in a controlled environment. The curriculum is
generalizable to students in both the preclinical and clinical years.

Appendices
A. Clinical Reasoning
Worksheet.docx
B. Session 1 Instructor Guide
.docx
C. Session 2 Instructor Guide
.docx
D. Session 3 Instructor Guide
.docx
E. Session 4 Instructor Guide
.docx
F. Session 5 Instructor Guide
.docx
G. Session 6 Instructor Guide
.docx
H. Session 1 Introduction to
Clinical Reasoning.pptx
I. Session 2 Identifying
Problems and Key Clinical
Findings.pptx

Keywords
Clinical Reasoning, Diagnostic Error, Case-Based Teaching

J. Session 3 Summary
Statements.pptx

Educational Objectives
By the end of this activity, learners will be able to:
1. Identify the key concepts and terminology pertaining to clinical reasoning, including metacognition,
dual process theory, illness scripts, and cognitive biases.
2. Apply clinical reasoning skills to patient care, including data organization, development of summary
statements, problem representation, and prioritized differential diagnosis.
3. Recognize common cognitive biases encountered in clinical practice through the practice of
metacognition.
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Introduction
patients. 1

Clinical reasoning is the complex process that drives the diagnosis and treatment of
Errors in
diagnostic reasoning are estimated to occur in up to 15% of patient encounters and may result in
significant morbidity and mortality.2 Clinical reasoning is also key to the development of entrustable
professional activities for entering residency.3 Furthermore, among medical students and residents who
require remediation, the majority of academic difficulties lie within clinical reasoning, rather than a lack of
medical knowledge. 4
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Session 3 Presession

Recent work showed that medicine clerkship directors believe clinical reasoning curricula should be
taught in the preclinical and clinical years and that most students have only a fair or poor understanding of
clinical reasoning.5 Despite this, less than half of surveyed medical schools have structured clinical
reasoning curricula.5 To date, many published curricula in clinical reasoning are single sessions and have
largely been developed for students in the preclinical years.6-9
A review of clinical reasoning teaching strategies suggests that knowledge-oriented, case-based teaching
is effective at improving the diagnostic accuracy of learners, whereas process-oriented teaching alone
may be less effective. 10 There is a paucity of data regarding the effectiveness of combining these
approaches, especially during the clinical years. Furthermore, few studies have evaluated the
effectiveness of longitudinal clinical reasoning curricula. We aimed to incorporate both knowledgeoriented, case-based teaching and process-oriented teaching to develop a longitudinal clinical reasoning
curriculum for internal medicine clerkship students.

Preparation
We delivered the curriculum in six 1-hour sessions, every other week, to approximately 40 students over
the 15-week medicine-surgery combined clerkship. We held sessions in an auditorium with space for 50
students as well as a room for breakout sessions. Required equipment included a computer and projector
for PowerPoint slides. A facilitator delivered each session. This facilitator was Nicholas S. Duca, a general
internist, junior faculty member, and associate clerkship director of the internal medicine clerkship, with
experience in small-group and large-group facilitation.
Course Delivery
We developed the content from a variety of resources, including the American College of Physicians’
Teaching Medicine Series book Teaching Clinical Reasoning 1 and other published works. 11,12 Prior to each
session, we distributed a printed clinical reasoning worksheet (Appendix A) for students to apply to written
cases. The framework was as follows:
Step 1: identifying the presenting complaint.
Step 2: identifying key clinical findings.
Step 3: crafting a summary statement.
Step 4: creating a problem list.
Step 5: developing a differential diagnosis.
Step 6: finalizing a plan.

Each session featured its own instructor guide (Appendices B-G) to accompany its PowerPoint slide set
(Appendices H-M) as well as (in the second through sixth sessions) a clinical case that was provided to
students (Appendices N-R). We also developed content summaries of each session for students to review
in the days prior to the session (Appendices S-X). These content summaries added the feature of flipped
classroom instruction and served as a student guide for clinical decision-making.
The first session included key topics such as dual process theory, hypothetico-deductive reasoning,
Bayesian reasoning, and an introduction to the clinical reasoning framework. We utilized a scaffold
approach, with the remaining five sessions building upon previous content. After a large-group
introduction to the topic of the day, students divided into small groups to work through written cases and
complete the clinical reasoning worksheet. Students reported their conclusions from small-group
discussions, and key concepts were debriefed as a large group. In the third session, we included an
activity that prompted students to evaluate and correct previously written summary statements. A
facilitator guide accompanies these student cases (Appendices Y & Z).
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•
•
•
•
•
•
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Evaluation
We developed a pre- and postsurvey (Appendix AA) to assess students’ baseline knowledge of clinical
reasoning concepts (dual process theory, hypothetico-deductive reasoning, biases, metacognition,
heuristics, Bayesian reasoning, and knowledge chunking) and perceived confidence in performing specific
clinical reasoning skills (recognizing illness scripts, using semantic qualifiers, identifying key clinical
findings, formulating problem lists and summary statements, developing a differential diagnosis, and
recognizing bias). We utilized a scale with 1 indicating poor understanding or confidence, 5 indicating full
understanding or confidence, and 0 indicating that the student had never heard of the concept or skill. We
analyzed pre- and postcurriculum data using Wilcoxon signed rank tests to compare mean pre- and
posttest responses. We also gathered qualitative data from an end-of-course evaluation to obtain student
perceptions and critiques of the curriculum.
Results
The response rate for the pre- and posttest survey was 60% (24 of 40 students completed both pre- and
posttest surveys). Cronbach’s alphas for perceived knowledge questions (numbers 1-7) and perceived
confidence questions (numbers 8-14) were .66 and .84, respectively. The mean response for perceived
knowledge of clinical reasoning skills significantly increased in all seven domains:
•
•
•
•
•
•
•

Dual process theory: pretest M = 3.29, posttest M = 4.21, p = .001.
Hypothetico-deductive reasoning: pretest M = 1.46, posttest M = 3.88, p < .001.
Biases: pretest M = 3.50, posttest M = 4.42, p < .001.
Metacognition: pretest M = 2.75, posttest M = 3.83, p < .001.
Heuristics: pretest M = 1.54, posttest M = 2.88, p < .001.
Bayesian reasoning: pretest M = 0.67, posttest M = 2.54, p < .001.
Knowledge chunking: pretest M = 1.21, posttest M = 3.58, p < .001.

In addition, the mean response for perceived confidence in performing clinical reasoning skills significantly
increased in all seven domains:
•
•
•
•
•
•
•

Illness scripts: pretest M = 1.83, posttest M = 4.29, p < .001.
Semantic qualifiers: pretest M = 3.67, posttest M = 4.58, p < .001.
Key clinical findings: pretest M = 3.67, posttest M = 4.29, p = .011.
Problem lists: pretest M = 3.67, posttest M = 4.13, p = .028.
Summary statements: pretest M = 3.25, posttest M = 4.42, p < .001.
Differential diagnosis: pretest M = 2.75, posttest M = 4.17, p < .001.
Recognizing bias: pretest M = 2.79, posttest M = 4.00, p < .001.

We gathered students’ open-ended responses to the question “Please describe the aspects of the course
that you found to be most helpful for the development of your clinical reasoning.” Students commented on
the usefulness of having a framework to approach clinical cases, of having a structured environment to
approach clinical reasoning, and of hearing other students and faculty think aloud. Representative
responses included the following:
•
•
•

“[A] systematic format for going through cases [was most useful]. Appropriate pace to allow time to
think. [It] forced us to think about the ‘why’ not the ‘what’!”
“I liked working through cases [using] team-based learning . . . practicing what we do on rounds but in
a structured environment.”
“I always love talking through cases. I think it’s helpful to see other students’ and faculty’s summary
statements.”
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Discussion
The longitudinal clinical reasoning curriculum, which incorporated both knowledge-oriented and processbased instruction, was well received by clerkship students and led to increased perceived knowledge and
confidence in utilizing clinical reasoning terminology and skills. Based on the qualitative data obtained
through the end-of-curriculum evaluation, students found think-aloud techniques to be useful for the
development of clinical reasoning and appreciated hearing the thought processes of other classmates and
attending physicians. Think-aloud teaching is supported in the clinical reasoning literature as an effective
modeling technique for student and resident learning.11,13
Students commented on the utility of practicing clinical reasoning in a structured environment and
appreciated having a clinical reasoning framework to apply to patient care. Published curricula have
demonstrated the effectiveness of clinical reasoning frameworks for preclinical and clinical students.8,14
Furthermore, students reported that they did not always have the opportunity to practice or communicate
their clinical reasoning during patient care activities, making this classroom-based activity a useful venue
for practice.
A limitation to this curriculum is that delivery of the content relied on faculty members with specific
knowledge of clinical reasoning concepts. We hope to implement faculty development in teaching clinical
reasoning to promote expertise. In addition, one faculty member delivered all the sessions, which may not
be feasible at all institutions. Because of this, students commented that some of the sessions were
repetitive. In subsequent iterations of this curriculum, guest speakers, including academic hospitalists and
general internists, were invited to discuss their approach to clinical reasoning. These sessions were highly
rated by students. Recent work has shown the effectiveness of this format in teaching and modeling
clinical reasoning, and we hope to incorporate example-based learning in future sessions.15
A second limitation is that our assessment tool measured student perception rather than being an
objective measure of clinical reasoning. Options for objective measurements of clinical reasoning in future
iterations of the curriculum include use of observed structured simulated cases and tools for assessing
diagnostic accuracy such as the script concordance test or key-features exam.16-19
Overall, this longitudinal clinical reasoning curriculum was an effective means of communicating key
concepts of clinical reasoning to students and allowed for deliberate practice of clinical reasoning in a
controlled environment. The curriculum is generalizable to students in the preclinical years as well as to
students in the clinical years within any clerkship. Furthermore, the framework utilized in this curriculum
can be adapted for graduate medical education, and the cases can also be adapted to reflect more
complex patient presentations.
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