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Abstract
The creation of developmentally appropriate and meaningfully complex clinical reasoning exercises in the pre-clerkship 
curriculum is a common challenge for many medical schools. We provide an overview of one component of the pre-clerkship 
clinical reasoning curriculum at Case Western Reserve University School of Medicine, and present evidence that inclusion 
of Health Systems Science in this exercise facilitates integrated thinking in a Problem-Based Learning curriculum.
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Background

The Western Reserve2 (WR2) Curriculum at Case Western 
Reserve University School of Medicine (CWRU SOM) fea-
tures Problem-Based Learning (PBL) as a primary learning 
approach during the pre-clerkship phase [1, 2]. The curricu-
lum introduces health promotion and population health as a 
foundation for understanding the pathophysiology of medi-
cine [3]. An important feature of the pre-clerkship curriculum 
is a pedagogical approach that intertwines basic, clinical, and 
health systems sciences throughout the educational program. 
To formally address the curricular challenge of teaching 
pre-clerkship clinical reasoning skills [4, 5], we created and 
implemented a developmentally appropriate [6] and increas-
ingly advancing template that provides a scaffold, including 
basic science and health systems science (HSS), upon which 
students can build their clinical reasoning (Fig. 1).

Activity

Starting in the early months of the pre-clerkship curricu-
lum, students initially are presented with only the introduc-
tory paragraph of the PBL case, including the presenting 

complaint and basic background of a patient. Students 
are then asked to determine the severity and acuity of the 
patient’s presenting concern, (Step 1; Fig. 1) and what might 
be the potential cause for their condition (Step 2; Fig. 1). In 
particular, when discussing potential causes, students are 
prompted to consider occupational exposures, environmental 
triggers, and social determinants of health (SDH) [7]. As 
the students proceed through the curriculum, after complet-
ing the first part of the exercise, they add the creation of a 
problem list (Step 2; Fig. 1). Students are encouraged to be 
comprehensive and include problems using the following 
constructs: physiologic, health systems science, and biopsy-
chosocial issues (Fig. 1).

During the second half of the pre-clerkship curriculum, 
students complete the first parts of the exercise (Steps 1, 2, 
3; Fig. 1) and also practice different methods of creating a 
differential diagnosis for the PBL cases (Step 4 a, b; Fig. 1). 
They are first asked to use the problem list (Step 3; Fig. 1) to 
create an organ systems approach (Step 4a; Fig. 1) to under-
standing the patient’s condition. Later, they are given the 
mnemonic VINDICATES (Step 4b; Fig. 1) to help elaborate 
their working differential. In the final months of their pre-
clerkship training, they are given the opportunity to choose 
between the two approaches to create differential diagnoses. 
The Clinical Reasoning Template provides a framework for 
students to organize their thinking.

Students are trained in the use of the Clinical Reason-
ing Template early in the curriculum and at four subsequent 
times throughout their pre-clerkship curriculum so that they 
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receive stepwise preparation equipping them to approach the 
increasing complexity of the PBL clinical reasoning exer-
cise [8]. These training sessions are recorded so that students 
have ongoing access to the instructional lectures that explain 
the use of this tool. PBL facilitators are similarly trained 
using this tool and are provided with sample responses, with 
the expectation that facilitators will guide students as they 
grapple with the probing questions of the tool.

Given the importance of health systems science in clinical 
care, we have integrated topics from the six AMA Health 
Systems Science core domains [9] into our Clinical Reason-
ing Template. These core domains are as follows: (1) Health 
Care Structures and Processes, (2) Health Care Policy and 
Economics, (3) Clinical Informatics and Health Information 
Technology, (4) Population, Public, and Social Determinants 
of Health, (5) Value in Health Care, and 6) Health System 
Improvement (Fig. 1). This early inclusion of HSS as part 
of clinical thinking is designed to set the stage for the more 

developmentally mature reasoning that students will need to 
demonstrate during core clinical rotations.

Because of the emphasis on health systems science in 
our curriculum, we were interested whether this template 
created a “habit of mind” of including HSS issues on the 
problem lists students created for PBL cases. The CWRU 
PBL curriculum consists of 94 cases over the course of 
the 2-year curriculum. Our study focused on the 21 PBL 
cases in the Homeostasis Block of the curriculum (Cardio-
vascular, Pulmonary, Renal, Cell Physiology, Principles of 
Pharmacology, and Bio-Ethics) that spans the last 4 months 
of the first year. All the students in their first year of medi-
cal school participated in the use of this clinical reasoning 
template. The CWRU Institutional Review Board deemed 
this study EXEMPT. The response rate of the PBL student 
groups varied from 68 to 91% depending upon the case. We 
scored the problem lists generated by students to quantify 
the frequency of inclusion of problems which would fall 

Fig. 1  Prompting questions that guide the development of clinical reasoning skills and the scaffolding upon which students build differentials
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into one of the six HSS core domains. Faculty with HSS 
content expertise (MKS and ARS) reviewed the same cases 
and similarly delineated within which cases there were HSS 
issues. Faculty and student results were then compared.

Results and Discussion

The overall frequency with which respondents identified 
HSS as a problem was 88/357 or 25% of possible identi-
fications for PBL cases included in the study. One or more 
student groups identified HSS issues in 85.7% of PBL cases 
(18/21). Table 1 describes the percentage of total cases iden-
tified as having issues that fell within each HSS core domain. 
Upon review by faculty, similar numbers of cases were iden-
tified as having problems that fell within each specific HSS 
core domain. Although the student to expert comparison 
did not yield exact case matches in all domains, it is striking 
that within the Health Care Structures and Process domain, 
faculty and student problem identification did match exactly.

Students more readily identified problems within the Pop-
ulation, Public, and Social Determinants of Health domain 
than did faculty (81% compared to 67%) and were less likely 
to identify problems in the Clinical Informatics and Health 
Information Technology, and the Health System Improve-
ment domains (4.76% vs. 9.52%). The Health Care Policy 
and Economics domain was not represented on any of the 
problem lists created by students and faculty alike.

It is notable that students included HSS issues on the 
problem list with no specific intent on our part to add explicit 
HSS learning objectives to any of the PBL cases. The pri-
mary focus of each PBL case is the underlying mechanism of 
disease, as such health care delivery problems are not typi-
cally written into the opening paragraph of any case. This 
study suggests that PBL can aid in teaching and reinforcing 
HSS thinking when students have been primed to consider 
these issues (see Fig. 1). Use of the tool provided in Fig. 1 
may offer the opportunity to identify HSS issues in any PBL 
case or patient-based vignette.

In reviewing the first paragraph (initial patient presenta-
tion) of each PBL case, we identified three cases in which 
HSS concerns were very obvious to the students. In the 
remaining eighteen cases, HSS topics were not as obvious. 
Table 2 shows example opening paragraphs from four dis-
tinct cases, along with the notation of whether HSS domains 
were identified by students and faculty. It appears minimal 
narrative prompting was required to activate students to 
think about HSS issues in the context of a PBL case open-
ing paragraph.

Notably, simply mentioning English as a second lan-
guage, and the lack of regular screening was sufficient for 
our students to extrapolate the potential presence of health 
care delivery concerns and include such issues on their prob-
lem list. Two of the cases that were not identified by students 
as having any HSS domains are noted above in Table 2. 
When reviewed by our HSS Faculty, one of these cases did 
indeed have an HSS domain that could be identified. It is 
possible that this was not, however, picked up by the students 
because the HSS domain was actually a protective factor for 
the patient. We presume this case was not identified because 
our students consider gaps in care and do not focus on HSS 
protective factors when compiling problem lists. In the other 
case, HSS faculty agreed with students that the initial para-
graph did not indicate any issues that could be perceived as 
pertaining to HSS domains.

Using this tool in our curriculum, we were successful in 
making students explicitly list HSS issues as clinical con-
cerns that require consideration. In trying to understand 
why CWRU students readily include HSS in the problem 
list, it is important to distinguish that these students are 
longitudinally taught public health and HSS issues begin-
ning early in medical school during their first 5-week 
course called “Becoming a Doctor” that emphasizes HSS, 
with specific attention to the Health Care Structures and 
Processes domain [10]. It is likely that students empha-
sized inclusion of Health Care Structures and Processes, 
and Population, Public, and Social Determinants of Health 
in their choice of HSS domains more frequently than 

Table 1  Percentage of PBL cases with identified with HSS Domains

Health Systems Science
Domain

Raw number of cases 
identified by students 
(of 21)

Percentage of cases 
identified by students

Raw number of cases 
identified by HSS faculty 
(of 21)

Percentage of cases 
identified by HSS 
faculty

Health Care Structure and Process 10 47.62% 10 47.62%
Health Care Policy and Economics 0 0% 0 0%
Clinical Informatics and Health Infor-

mation Technology
1 4.76% 2 9.52%

Population, Public, and Social Deter-
minants of Health

17 80.95% 14 66.67%

Value in Health Care 1 4.76% 0 0%
Health System Improvement 1 4.76% 2 9.52%
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did our HSS faculty because of the early and immersive 
emphasis on these HSS domains in our curriculum. Many 
of the other HSS domains are more extensively explored 
when students reach their clerkships. Finally, it would be 
interesting to assess HSS inclusion in clinical thinking as 
students progress through the rest of the CWRU curricu-
lum, to see whether they include a wider variety of HSS 
domains as they advance in their training.

From our findings, it appears that early exposure to 
HSS may sensitize students to consider potential issues of 
health care delivery, even when these are not the explicit 
intended educational focus. Given the increasing inclu-
sion of HSS in pre-clerkship US medical school curricula, 
we suggest that this tool may be of use for other schools 
that utilize PBL or other forms of case-based learning. We 
believe that inclusion of HSS as part of a clinical reason-
ing exercise can allow students to answer the call to build 
broad and holistic problem lists [11] and demonstrate the 
beginnings of integrated clinical reasoning.
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Acuity of complaint:
SUB-ACUTE

Maria Gomez is a 67-year-old woman who presented 
to her primary care physician with 2 months of pro-
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dyspnea. Spanish is her primary languagei but 
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HSS Domain:
iiHealth Care Structure and Process

Acuity of complaint:
ACUTE ON CHRONIC
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history of type 2 diabetesi. He goes to see a new 
primary care doctor, Dr. Sick, because of “frothy” 
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Bernice Matthews is a 61-year-old woman admitted to the 
general medicine service for vomiting and diarrhea. She 
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into frequent vomiting and diarrhea several times a day. 
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lightheaded and too weak to walk without help

Identified by student HSS Domain:
iiHealth Care Structure and Process

HSS Domain:
None

Identified by faculty HSS Domains:
iPopulation, Public, and Social Determinants of Health
iiHealth Care Structure and Process
iiiHealth System Improvement
ivValue in Health Care

HSS Domain:
None
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