Journal of Medical Education and
Curricular Development

Volume 8: 1-14

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/23821205211051803

®SAGE

Physician Executive Leadership Plus: An Approach to
Business and Management Education for Medical
Students

Stephanie R. Beldick, Gavyn Ooi, Saloni A. Shah, Michael Morano,
Chris Li, Michael Zimmerman and Leonard Levine
Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, PA, USA.

ABSTRACT

INTRODUCTION: Physicians are looked upon to lead the healthcare team, a task that has grown increasingly complex and interdisciplinary,
requiring a diverse extra-clinical skillset. Physician Executive Leadership (PEL) Plus is a student-run program that uniquely utilizes both didactic
and real-world project-based approaches to deliver a business and management curriculum to medical students.

METHODS: We developed and implemented PEL Plus during the 2018-19 and 2019-20 academic years, geared at first- and second-year med-
ical students. We provide an overview of this combined didactic and project-based curriculum, in addition to evaluating if the program was effi-
cacious in teaching the desired skillset. We assessed short-term knowledge acquisition using multiple-choice questions, and investigated student
perceptions of their learning and the program using Likert scales and narrative feedback. We also investigated the influence of student demo-
graphics on performance, in order to assess the appropriateness of our target audience.

RESULTS: 28 students completed PEL Plus over the two years (14 students/year). Average performance on multiple-choice questions showed
statistically significant improvement after the majority of sessions. There were no statistically significant effects of demographics on performance
in the majority of sessions. Students self-rated stronger understandings of lecture topics after each session, and analysis of narrative feedback
demonstrated thematic categories centred on teaching style, new knowledge, lecture content/material, projects, networking, program structure,
and generic statements.

DISCUSSION: PEL Plus is an innovative and effective approach to teaching business, leadership, and management skills in undergraduate med-
ical education. Development of similar programs at other institutions will positively impact the broader medical student community.
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Introduction

Physicians are often looked upon to lead the healthcare team, a
task that has grown increasingly complex and interdisciplinary.
However, due to the lack of consistent management education
in the medical curriculum, many physicians are underequipped
to take up these leadership roles, and to address issues in their

1.2 . . .
~ Issues may include managing conflicts,

medical practices.
improving and providing care to the underserved, and imple-
menting cost-effective and value-driven management of
medical and surgical departments.®* Careful introduction of
business, leadership, and management skills into the medical
student repertoire will help to generate the next generation of
physician leaders and innovators, which has the potential to
ultimately improve patient care.

Hands-on application-based management curricula for
medical students are scarce,” and include both student and
faculty driven programs.”®® In 2020, the Association of
American Medical Colleges reported only 1% of graduates com-
pleting an MD/MBA pmgram.10 The additional tuition and

time spent in school likely contributes to this low adoption
rate of combined formal management training programs.11
Furthermore, patient care and the sciences must be prioritized
and remain central to medical education, therefore careful con-
sideration must be taken when developing a successful manage-
ment curriculum. Founded in 2013, the Physician Executive
Leadership (PEL) is a student-driven organization at Sidney
Kimmel Medical College (SKIMC) that has successfully devel-
oped programming to teach the extra-clinical foundations of
medicine to future physician leaders and innovators. PEL has
designed a curriculum for medical students based on six core
pillars: Entrepreneurship & Innovation, Applied Leadership,
Health Finance, Care Quality & Experience, Law & Ethics,
and Health Policy. PEL’s strong reputation among students
and faculty has provided a robust platform on which to further
develop a high-quality management curriculum in order to fill
the perceived gap in medical education described above.
Accordingly, in 2018 we established PEL Plus, an inte-
grated business and management program for first- and
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second-year medical students (MS1 and MS2, respectively)
who have interests in healthcare innovation and leadership.
Leaders from across the Jefferson enterprise were brought
together to curate a combined didactic and project-based cur-
riculum over the course of four months. Students utilized the
session teachings to develop their summative projects and
present a final pitch to the Jefferson faculty with their solution
to a healthcare problem. Herein, we put forth two years of pre-
liminary quantitative and qualitative user-based data on PEL
Plus, highlighting the value of a combined didactic and project-
based management curriculum for medical students’ extra-
clinical skill development.

Methods
Establishing PEL Plus

In 2018, we established PEL Plus as a supplement to the exist-
ing PEL curriculum, for students interested in a deeper dive into
business leadership. The course comprised of (1) educational
sessions and (2) real-world healthcare-based projects. In contrast
to the already-established PEL curriculum, which runs over the
entirety of medical school, PEL Plus provides a condensed
course to be completed by students over a four-month period
(October — January) during their preclinical years. Since a
guiding principle of PEL Plus was to be rigorous yet fit within
the busy medical student schedule, we deemed it unfeasible to
conduct the program during the demanding clinical years.

Recruiting speakers and project sponsors

We recruited speakers who were experts in their field and had
experience teaching the planned educational topics. We
pursued a networking strategy of reaching out to experts who
were either connected to or employed by Thomas Jefferson
University (TJU). There were no costs associated with inviting
speakers due to their affiliation with TJU. We met with these
experts to discuss the goals of PEL Plus, the material to be con-
veyed, and session dates. We highly prioritized student partici-
pation in the planning process, and as such chose session dates
that did not conflict with exam weeks when students would be
preoccupied. Topics planned for the first iteration of the course
(2018-19 academic year) included Business Models I & 1I
(BM1 & BM2), Design Thinking I & II (DT1 & DT2),
Systems Thinking (ST), Leading Teams (LT), Managerial
Decision Making (MDM), and Managing & Analyzing Data
(MAD). The second year (2019-20 academic year) included
BM1, BM2, DT1, DT2, ST, Building & Leading Teams
(BLT), and Finance & Accounting Principles (FAP). These
topics are listed in Appendix A.

We also employed a networking strategy through Jefferson
Health’s “Innovation Pillar” in order to recruit individuals
who could provide and facilitate student projects. Similar
departments/groups at other institutions may be a good place

to start if a program similar to PEL Plus were to be replicated
elsewhere. Once sponsors with suitable projects agreed to join
our program, we articulated the expectations for them to be
in touch with students and provide mentorship (eg, answering
questions, providing relevant data, referring to relevant
stakeholders).

It was critical to complete these processes prior to the start of
the academic year to ensure a clear schedule of events and
expectations for the expert speakers and project sponsors alike.

Recruiting students

We marketed PEL Plus using student social media groups and
email during the start of the fall semester, in addition to holding
an information session about the program. Subsequently, an
online application via Google Forms was made available to
MS1 and MS2 students on their respective class social media
pages. Students applied by answering the following questions:
(1) As the healthcare space continues to evolve, how do you
see your role after completing your medical training? (1-2 para-
graphs); and (2) Any other thoughts? (Optional). We accepted
all individuals who expressed a genuine interest and had a vision
for their future role as a physician leader. Otherwise, there were
no prerequisite requirements for acceptance. A total of 14 MS1
and MS2 students were accepted to the program in each of
2018-19 and 2019-20, for a total of 28 students overall.
Participants” demographic information can be found in
Table 1.

Execution of each session

To execute each session, it is necessary to have audio-visual
(AV) capabilities and a suitable lecture space with a white/
blackboard. We achieved this by coordinating with TJU regis-
trar’s office. We provided students with the list of topics to be
discussed during the course, and each speaker was reminded
approximately two weeks prior to their session to submit
three multiple-choice questions regarding the content of their
session. We compiled these questions into identical pre- and
post-surveys to assess students’ short-term retention of the
material. We also confirmed the general session plan with the
speaker prior to the date. Of note, a formal syllabus with objec-
tives, formal assessments, and reading requirements were made
to be minimal (some resources were suggested throughout the
course, but not required) because the goal of the program was
not to impose an untoward workload onto students, which
would diminish enthusiasm for this extracurricular program.
Each session was allotted three hours on one evening each
week, and we encouraged speakers to fill the entire time.
Speakers filled the time at their discretion with lecture, discus-
sion, or other activities, though we did encourage speakers to be
as interactive as possible with real-world examples and
application-based exercises. Before beginning each session,
the PEL Plus coordinator made announcements and
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Table 1. Student demographics.

DEMOGRAPHIC CATEGORY
IN 2018-19

NUMBER OF RESPONDENTS

NUMBER OF RESPONDENTS

TOTAL NUMBER OF RESPONDENTS

Year of medical school (MS1:MS2) 9:5

Undergraduate major (science: 12P:1
non-science)

Prior business coursework (Yes:No) 6:7

Experience between undergraduate
degree & medical school

Total respondents 13
No time off between undergraduate degree 7
and medical school

Graduate degree (non-MBA)® 2
Research 2
Worked 2

Career goals®

Total respondents 13
Clinical medicine 12
Healthcare administration/management 3
Business/consulting 4
Public health/Policy 1

Academic medicine/Research 6
Biotechnology 6
Pharmaceuticals 2

Abbreviations: Medical Student Year 1 (MS1), Medical Student Year 2 (MS2)

IN 2019-20 (2018-19 & 2019-20)
13:1 22:6°
6:7 18:8
6:7 12:14

13 26
8 15
1 3
1 3
3 5
10 23
9 21
5 8
6 10
2 3
2 8
2 8
1 3

2This is the maximum number of respondents possible (28). It reflects the total number of participants who joined the program across both academic years, with 14 students

participating each year.

POne student with a science degree double-majored in economics. Their economics experience is captured in the business coursework section.

°No student completed an MBA.

9Participants were allowed multiple selections. Therefore, the number of responses across all options does not add up to the total number of respondents for the “Career

Goals” question.

administered the pre-survey link to the students. At the end of
the session, the coordinator administered the post-survey,
which contained identical questions as the pre-survey, in add-
ition to three other questions. Appendix B highlights the ques-
tions asked in these surveys, where questions denoted by an
asterisk were only present in the post-survey. We used these
surveys to gauge student knowledge acquisition and obtain
teedback, in addition to tracking attendance. We made clear
that students could only miss one session in order to obtain
recognition for completing PEL Plus. In this study, attendance
at each session was ascertained for a given student when at least
one of the pre- or post-surveys was filled out.

Introductory session and project selection

The introductory session was slightly different from the
other sessions as it included brief presentations by the

project sponsors. During this session, the project sponsors
were invited to speak to the students for approximately
30 min about the various projects. After this, the session pro-
ceeded to follow the traditional session structure with
the invited speaker. After this session, we sent an email to
students, asking them to rank the projects in their order of
preference. We then matched students to their first choice
with a mixture of MS1s and MS2s in each group. Of note,
particular focus was made to ensure that the first choice
was attained to bolster student enthusiasm, and duplicate
projects were permitted. Each group contained 3 to 4
students.

After the groups were established and matched with a
project, we sent an introductory email to connect students
with their project sponsor. Students were then directed to set
up a meeting with their project sponsor to further scope out
their deliverables for the final session of PEL Plus. Students
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were also advised to continually follow-up with their project
sponsors to ensure they were staying on track.

Project objectives

The goal for each project was to provide students with
an opportunity to utilize teamwork and problem-solving
skills in order to identify a solution to a real-world healthcare
problem. Students were advised to rely on session
teachings to help frame their approach and final presenta-
tion. Students were additionally advised to identify and
engage with relevant clinical, administrative, business, and
academic stakeholders using their own and their sponsor’s
networks.

In their final presentations, each student group provided:
(1) background information for their project (2) analysis
done to solve the healthcare problem (3) conclusions and
recommendations. Students sent their presentations to the
PEL Plus coordinator several days in advance of the final
presentation session, in order to ensure they would be
uploaded appropriately to the AV equipment. The list of
projects is presented in Appendix A.

Final presentation session

The final presentation session was conducted in late January/
early February. Of note, this session occurred prior to MS2 stu-
dents” USMLE Step 1 dedicated study time, which typically
begins in February-March at SKMC. This was done so that
MS2 students could focus on PEL Plus without sacrificing
other core aspects of their medical education. For this session,
we invited individuals from the academic and business arms
of the Jefferson enterprise, including, but not limited to, stake-
holders within the project sponsors’ departments, SKIMC aca-
demic deans, and Jefferson leadership. Each presentation was
allotted 30 min, divided into 15 min for the presentation and
15 min for Q&A.

Summative feedback and demographic information

At the end of each academic year, we administered a summative
teedback questionnaire to our students using Google Forms.
We also asked participants for demographic information.
These questions are in Appendix B.

Materials

The materials required for conducting PEL Plus are detailed in
the above sections, with the core components consisting of
facilities and human capital. To summarize, what is minimally
required includes:

e Projector for PowerPoint or other visual media
o Lecture space with AV capabilities and white/blackboard

e Subject-matter experts

o Project sponsors providing real-world projects
o Online survey software (eg, Google Forms, Qualtrics)

Evaluating the efficacy of PEL Plus

To assess the efficacy of PEL Plus in disseminating knowledge,
and students’ short-term knowledge acquisition, we used quan-
titative multiple-choice questions. These questions were
designed by each lecturer, focused on the lecture’s content,
and contained a single correct answer. To analyze these data,
the fraction of questions answered correctly before versus after
the session were compared for each session using a one-way
analysis of variance (ANOVA) with planned comparisons and
Bonferroni’s post-hoc test. The same statistical approach was
taken to assess for differences in performance when sessions
were grouped according to the PEL pillars. The various PEL
pillars (core competencies forming the basis of the PEL organi-
zation) are shown in Appendix C, along with the pillar under
which each session fell. Four of the six overarching PEL
pillars contained relevant sessions: Entrepreneurship &
Innovation, Applied Leadership, Care Quality & Experience,
and Health Finance pillars. We also averaged all sessions and
used a parametric two-tailed t-test to assess for differences
between pre- and post-session performance overall. Of note,
where an individual failed to fill out both pre- and post-session
questions, their answers were excluded from analysis. We also
collected demographic data on participants, including prior
educational and gap-year experiences, and investigated if
these experiences influenced their performance on questions
using an analysis of covariance (ANCOVA). This was done
in order to ensure that PEL Plus was appropriately geared
toward our audience.

We investigated students’ self-perceptions of their base
knowledge level prior to each session, and how they felt their
understanding of the topics changed after each session. We
also asked students to evaluate the educational value of each
session and the program as a whole. To perform these assess-
ments, within the pre- and post-surveys we administered
5-point Likert scale questions where students could rate their
level of agreement or disagreement with each statement on a
scale of 1 to 5 (“1=strongly disagree” and “5=strongly agree”).
Qualitative data were purely narrative free-text responses
obtained after each session and at the culmination of each aca-
demic year. Two authors first independently and then collabora-
tively, coded the narrative comments into positive or negative/
constructive feedback, and then developed thematic categories
into which the feedback was organized. This was done to iden-
tify the main strengths and weaknesses of the program.

When an identical session ran in both academic years, the
data from those sessions were combined across years (BM1,
BM2, DT1, DT2). When sessions across the two years were
similar in topic but contained unique questions, the data from
these sessions were not combined. Statistical analyses were
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Table 2. Performance on multiple-choice questions by session, pillar, and overall.

SESSION/PILLAR/ PRE-SESSION SD POST-SESSION

OVERALL AVERAGE (FRACTION AVERAGE (FRACTION
CORRECT) CORRECT)

Business Models I* 0.24 0.23 0.90

Business Models I° 0.56 0.26 0.94

Design Thinking 12 0.57 0.23 0.76

Design Thinking 11 0.52 0.23 0.80

Leading Teams 0.23 0.25 0.74

Building & Leading 0.36 0.28 0.91

Teams

Managerial Decision 0.67 0.27 0.97

Making

Managing & Analyzing 0.39 0.29 0.81

Data

Finance & Accounting 0.29 0.38 0.63

Principles

Entrepreneurship & 0.46 0.14 0.83

Innovation Pillar®

Applied Leadership 0.40 0.23 0.88

Pillar®

Health Finance Pillar 0.29 0.38 0.63

Care Quality & 0.39 0.29 0.81

Experience Pillar
Overall® 0.41 0.11 0.80

Abbreviations: Standard Deviation (SD)
2Includes students across both academic years

SD P-VALUE ABSOLUTE IMPROVEMENT

SAMPLE SIZE (#

IN PERFORMANCE (% OF STUDENTS)

IMPROVEMENT)
0.25 <0.001 0.67 (282.4) 24
0.13  0.001 0.39 (70.0) 12
025  0.06 0.19 (34.1) 24
0.28  0.008 0.28 (53.6) 18
0.24  <0.001 0.51 (222.2) 13
0.16  <0.001 0.55 (150.0) 11
0.09 0.2 0.31 (46.2) 13
022  <0.001 0.42 (107.1) 12
0.38  0.07 0.33 (114.3) 8
021  <0.001 0.37 (78.6) 28
0.16  <0.001 0.48 (120.0) 25
0.38  0.01 0.33 (114.3) 8
0.22  <0.001 0.42 (107.1) 12
0.17  <0.001 0.39 (94.9) 28

PWhile this session ran in both academic years, there was a malfunction of data collection at the start of this session in 2019-20 and so an analysis of performance on
knowledge-based multiple-choice questions was unable to be performed for students in that year.

conducted using SPSS Statistics 1.0.0.1508 (IBM Corp,
Armonk, NY) and Prism 6 (Graphpad Software, San Diego,
CA).

Results
A total of 28 MS1 and MS2 students participated in PEL Plus
over the 2018-19 and 2019-20 academic years, with 14 students
in each year. In the first iteration of the course, attendance at
each of the 8 sessions ranged from 12 to 14 of 14 students
(mode and median=13, 85.7-100.0%), and in the second
iteration attendance at each of the 7 sessions ranged from 8
to 14 of 14 students (mode and median =11, 57.1-100.0%).
To evaluate if students were indeed learning the content
taught in lectures, we assessed their performance on
knowledge-based multiple-choice questions, and compared
their performance before and after the session. The use of
pre- and post-testing to evaluate knowledge acquisition satis-
fied Level 2 (Learning) of Kirkpatrick’s four-level model of
evaluation. Average performance on questions showed statisti-

cally significant increases after all individual sessions (P<.05),
except for DT1 (P=.06) and FAP (P=.07). When sessions

were grouped by pillar and when all sessions were combined
there were also statistically significant improvements in perfor-
mance (P<.01). The mean scores with standard deviations
(SD), P-values, and absolute and % improvements in perfor-
mance are presented in Table 2.

Using an ANCOVA, we assessed if differential experiences
prior to medical school (time off vs. no time off between under-
graduate education and medical school) or prior exposure to
business coursework impacted our students’ abilities to learn
from our sessions. The analysis compared post-session perfor-
mance between groups while adjusting for pre-session scores.
In all sessions there were no statistically significant differences
in performance by students who took time off between their
undergraduate degree and medical school compared to students
who did not take time off. In the majority of sessions, exposure
to prior business coursework had no statistically significant
effect on performance, except in the FAP session, where stu-
dents with prior coursework exposure performed statistically
significantly better than those without (P=.02; Same as the
Health Finance pillar). When all sessions were combined,
there was no statistically significant difference in performance
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Figure 1. Performance on questions by session, pillar, and overall, as a factor of prior experiences and business coursework exposure. (A-C) Average
performance on multiple-choice questions before and after sessions as a function of whether or not students took time off between undergraduate education and
medical school. Business Models | P = .40, Business Models |l P =.79, Design Thinking | P =.84, Design Thinking Il P=.14, Leading Teams P = .37, Building &
Leading Teams P =.28, Managerial Decision Making P =.40, Managing & Analyzing Data P=.06 (same as Care Quality & Experience Pillar), Finance &
Accounting Principles P=.71 (same as Health Finance Pillar), Entrepreneurship & Innovation Pillar P =.85, Applied Leadership Pillar P =.48, Overall P=.72.
“Time off” includes life experiences listed in Table 1 (graduate degree, research, work). (D-F) Average performance on multiple-choice questions before and
after sessions as a function of whether or not students had prior exposure to business course work. Business Models | P =.46, Business Models Il P =.06,
Design Thinking | P=.10, Design Thinking Il P =.60, Leading Teams P =.10, Building & Leading Teams P > .99, Managerial Decision Making P =.26, Managing
& Analyzing Data P=.99 (also Care Quality & Experience Pillar), Finance & Accounting Principles P=.02 (also Health Finance Pillar), Entrepreneurship &

Innovation Pillar P=.31, Applied Leadership Pillar P=.61, Overall P=.75. Error bars represent SD.

regardless of experiences prior to medical school (P=.72) or
prior exposure to business coursework (P=.75). Results are
presented in Figure 1, with all values tabulated in Appendix D.

The surveys allowed students to provide self-reflections and
program evaluations, which satisfied Level 1 (Reaction) of
Kirkpatrick’s four-level model of evaluation. Students rated
stronger understandings of the session topics after all sessions
compared to before. They also rated that the sessions increased
their understandings of topics at >4 for all sessions except for
MAD and FAP, which received average ratings of 3.42 and
3.88, respectively. All sessions were rated at >4 with respect
to being valuable and interesting, except for MAD and FAP,
which received average ratings of 3.42 and 3.75, respectively.
On summative year-end feedback, students provided an
average rating of >3.83 for all questions. All ratings are pre-
sented in Table 3.

We asked participants for narrative free-text feedback on
each session, with a response rate ranging from 21.4 to 36.0%
across all sessions. We then generated seven thematic categories
that encompassed the feedback. “Speaker & Teaching Style”
tocused on the level of engagement, use of activities and exam-
ples, the speaker’s attitude and expertise, and time manage-
ment. “New Knowledge” focused on learning new material,

especially content outside the mainstream medical curriculum,
and if this knowledge would be applicable in the participants’
futures. “Lecture Content/Material” focused on what was
taught, whether or not content was appropriately targeted to
the audience, the diversity of material, and if the content was
interesting and informative. “Projects” focused on the scope
of the projects, communication, guidance and expectations,
and the interplay between lectures and projects. “Generic
Statements” were simple (eg “great session”) and did not fit
into any of the above themes. The summative narrative feed-
back also included ‘“Networking”, in which students empha-
sized the opportunities they had to work with leaders and
like-minded peers from diverse backgrounds, as well as
“Program Structure”, which focused on the project-based
nature of the program, lecture format, the program timeline,
time commitment, communication, resources, and collabor-
ation with other programs. A total of 23 students (82.1%)
responded to the summative survey. Representative quotes in
each thematic category are presented in Table 4.

The project sponsors included personnel from across the
Jefterson network, including supply chain, clinical performance,
and departmental leadership, as well as physicians. Projects took
various forms, focusing on ways to optimize and implement
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Table 3. Individual session and summative Likert-scale ratings.
SESSION “I HAVE A STRONG UNDERSTANDING OF THE TOPIC” “TODAY’S SESSION INCREASED
MY UNDERSTANDING OF THE
TOPIC”

“I FOUND TODAY’S SESSION TO BE
VALUABLE AND INTERESTING”

PRE-SESSION POST-SESSION SAMPLE SIZE AVERAGE RATING SAMPLE SIZE AVERAGE RATING SAMPLE SIZE (#
AVERAGE AVERAGE RATING (# OF (1-5, (# OF (1-5, OF STUDENTS)
RATING (1-5)* (1-5) STUDENTS) POST-SESSION STUDENTS) POST-SESSION
ONLY) ONLY)
Business Models I° 1.92 3.83 24 4.60 25 4.68 25
Business Models II° 2.83 4.25 12 4.57 23 4.70 23
Design Thinking I° 2.67 3.90 24 4.38 24 4.21 24
Design Thinking II° 3.17 4.39 18 4.80 20 4.85 20
Leading Teams 3.15 4.39 13 4.54 13 4.00 13
Building & Leading 3.27 4.82 11 4.91 11 4.82 11
Teams
Managerial Decision 2.31 4.08 13 4.46 13 4.38 13
Making
Managing & 242 3.25 12 3.42 12 3.42 12
Analyzing Data
Finance & 2.38 3.25 8 3.88 8 3.75 8
Accounting
Principles
Systems Thinking®° 2.52 4.04 27 4.46 28 4.57 28

Summative feedback®
“l Found PEL Plus to be Valuable to My Medical School
Education”

“I Believe PEL Plus Will Be Valuable to My Future Medical
Career”

“Overall, | Enjoyed My Experience with PEL Plus”

“l Would Recommend PEL Plus to My Peers”

Average rating (1-5) Sample size (#

of students)

3.96 23
3.91 23
3.91 23
3.83 23

@Participants could select any whole number from 1 to 5 when answering each question presented in Table 3, where 1=strongly disagree with the statement, and 5=strongly

agree with the statement.
PThese data contain responses from students across both academic years.

°This session did not contain any multiple-choice questions aside from the Likert-scale questions presented in this table, hence this session is not included in the analyses

presented in Table 2 and the Figure 1.

leaner healthcare practices. As part of their solutions, students
networked with relevant stakeholders, performed team-based
research, and aggregated socioeconomic, financial, and clinical
data. A list of the project titles can be found in Appendix
A. Although there was no formal assessment to evaluate stu-
dents’ performance on their projects, students presented a
formal pitch to deans and stakeholders at the end of the year.
This allowed students to demonstrate their application of the
new knowledge learned in PEL Plus to real-world healthcare

problems using teamwork and problem-solving skills.

Discussion
It is increasingly being acknowledged that medical professionals
require a diverse skillset outside of clinical medicine in order to

optimize workplace efficiencies and patient care.>1%13 PEL
Plus is one of few initiatives in North America delivering a
combined didactic and hands-on business and management
curriculum targeted specifically at medical students.™* 141
Application-based learning is an effective way to enhance lea-
dership skills,>*1617  therefore this report highlights the
utility for broader adoption of programs similar to PEL Plus.
In developing the program, a major hurdle was identifying
project sponsors who would be able to provide sustained men-
torship. Since establishing these connections, we now have a
diverse network and strong relationships with these mentors
such that we are able easily connect students with project spon-
sors and broaden the scope of project topics. Having run multi-
ple iterations of the course, we have also identified the lecturers
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Table 4. Representative narrative free-text feedback according to thematic category.

THEMATIC FEEDBACK TYPE REPRESENTATIVE QUOTE(S)
CATEGORY
Speaker & Positive - | really liked his activities and his examples. He was really engaging. One of my favorite lectures
teaching style - Excellent speaker. Engaging and very knowledgeable about the subject matter.
Negative/ - Session was a bit dry and had low applicability. | would recommend this session be retooled a bit to focus

Constructive more on how methods are applied to concrete examples in healthcare systems via, for example, case studies
where the facilitator guides us through a specific thought process related to an application of big data.

New Positive - | found the session interesting and informative. | didn’t know much about business models before beginning
knowledge the course and now | know more
-l liked the exposure to other fields that we would never have gotten via the usual medical school curriculum

Negative/ - Interesting topic but | found it hard to follow what she was saying. She either dumbed it down too much to the
Constructive point that new content was not really being conveyed (for example, “topic X is very complex, | can’t even explain
it"), or was too complex and | could not follow (she is able to explain the topic well but used field specific jargon).
Still a bit unclear of the whole process of collecting big data and how big data is processed, or even how |, as a

future clinician can become involved in collecting big data without the comp sci/stats background.

Lecture Positive - Covered a large variety
content/ - | really enjoyed this session and this approach to thinking about problems.
Material - Really enjoy his examples. They’re extremely engaging and relatable!

- Very informative with a valuable discussion at the end

Negative/ - This session could have been more targeted to the audience. A lot of the material was very specific and

Constructive seemed to be aimed at data scientists, so it could have been more generalized to how we as physicians will
interact with data.
- Bit of a dry session. Would have been better to learn through examples, with supplemental findings from
neuroscience/anthropology to correlate what he was saying. Much of the heuristic models are still being up to
debate, and | think as medical students, we would have appreciated a bit more as to the “why” regarding these
models.
- | would have liked to have some more education on pitch presentations and what makes some pitches stand
out compared to others. | think this relates to the project proposal we do at the culmination of the program. |
also think this could be a valuable tool for the future

Projects Positive - | liked how PEL+offered courses on topics important for physicians to know but not offered through our
normal curriculum. | also liked the project-based element of the program that allowed us to work on something
tangible and apply concepts to real world issues.

- | really enjoyed the exercise at the end of applying what we learned tonight to our project.

Negative/ - | would include time during the sessions that allowed us to work on our project, with feedback from the
Constructive speakers
- There could be more communication between the PEL Plus administrators and the external project leaders.
- More project ideas! It would be great if there was a longer list of faculty seeking PEL student assistance so
that we had more projects to choose from.

Generic Positive - This was a great session! One of my favorites.
statements
Negative/ - Was fairly dry and went over 2 h
Constructive
Networking Positive - Interesting speakers with an outsider’s perspective of medicine. Introduction to doctors and peers that have

similar goals and interests outside of purely clinical medicine.

Negative/ N/A
Constructive

Program Positive - | liked the project-oriented design aspect of the course and the diversity in the material that we learned
structure - Overall, | thought it was a really great experience to be exposed to concepts like business models, design
thinking, etc | also thought that the exposure to the East Falls professors was also a cool experience. | think
that the course was organized, well-designed, and should be offered every year.
- | liked learning practical business skills and hearing from the various guest speakers. | thought it was a
manageable workload and | got to meet some great people.

Negative/ - | would establish/have meetings regarding projects before the lectures start. It would have been nice to have
Constructive enough project information to be able to discuss with the lecturers as they happened

- The last 2 classes were not interactive and the content was boring. Would swap out these lecturers for other
people. Would maybe have a more linear set up for any given speaker. For example class 1 is interactive
content and class 2 is the same lecturer helping us work on an assignment to make the content more
applicable to real life
- Earlier in the year
- Some of the lectures were a bit dry. Also, Wednesday evenings for 2 h is a tough commitment. | would
recommend shortening some of the lectures if possible
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who have been well-received, making it easier to plan the course
going forward. We also found that the program timeline, which
avoided key testing dates within the mainstream medical curric-
ulum, allowed students to focus their efforts on PEL Plus
without becoming overwhelmed.

We collected quantitative data on student performance
and observed statistically significant score improvements in
the majority of domains, suggesting acquisition of knowl-
edge through our program. In all but one instance, the
ability to learn from our program was neither contingent
upon participants’ experiences prior to medical school nor
on prior exposure to business coursework, suggesting that
our program is appropriately tailored to a diverse medical
student audience. In the FAP session, students with prior
business coursework performed better, suggesting they had
an easier time learning the material. Though the sample
size for this particular comparison was small, future students
might nonetheless benefit from adjusting the complexity
level of this lesson to fit a broader audience. Through
5-point Likert scale questions, students self-rated stronger
understandings of topics, and they believed the sessions
and overall program were valuable to their education. The
MAD and FAP sessions each received average ratings in
the 3-point range, suggesting that these sessions should be
a focus for improvement. By thematically categorizing quali-
tative narrative feedback, we highlighted the key areas of our
program that were important to students, along with ways to
enhance educational value. Some examples for improvement
included expanding the scope of project topics, ensuring
appropriate communication and expectations for the pro-
jects, and ensuring that lectures emphasized interactive,
healthcare-focused activities and application of skills.

Limitations of our study include the small sample size and the
lack of a control group containing students not enrolled in the
program. In evaluating knowledge acquisition, we focused on
short-term knowledge retention which may not accurately
represent long-term learning. Surveys only contained three
knowledge-based multiple-choice questions, and future itera-
tions of our assessments may benefit from additional questions
to enhance validity. Program participation was voluntary and
required an application, therefore participants were more likely
to be self-motivated to learn the material, and selection bias
was likely an influencing factor. In its current form, PEL Plus
will remain feasible as long as there are interested students.
However, now that the groundwork for the course has been
laid and connections have been established with speakers and
project sponsors, we believe it could be possible to integrate
our course into the mainstream medical curriculum as a compo-
nent of the Health Systems Science (HSS) competency and
expand to all MS1 and MS2 students.

In the future it will be valuable to investigate knowledge
retention beyond immediate post-didactic recall. For example,
brief sets of questions could be administered prior to the start

of each subsequent session to evaluate if long-term knowledge
acquisition is occurring. Assessing knowledge attainment after
conclusion of the course could be an additional route to inves-
tigating long-term knowledge retention, though this may prove
challenging due to follow-up difficulties with students who are
amidst their upper-year clinical training. One possible way to
move beyond the first two levels of Kirkatrick’s model and
evaluate the third level (Behaviour), which involves implemen-
tation and transfer of skills, could be to facilitate students’ long-
term engagement with their projects beyond conclusion of the
course. This would be a practical way to understand the pro-
gram’s reach and impact on real-world healthcare outcomes,
and to assess if the solutions developed by students are indeed
being put into practice. As our alumni are beginning to gradu-
ate medical school, it will also be useful to follow-up with their
career trajectories and evaluate if their roles are requiring the use
of the core business and managements skills taught in PEL
Plus. Finally, it will be interesting to assess the effect of
online teaching modalities during the COVID-19 pandemic
(2020-21 academic year) on knowledge and skill attainment.
In this report we presented two years of preliminary data,
illustrating that PEL Plus is an innovative and feasible
approach to expanding extra-clinical business and management
skills early in medical training. With the role of the physician
becoming ever more complex and requiring a diverse set of
skills beyond those required solely for individual clinical prac-
tice, programs like PEL Plus have the opportunity to provide
a skillset that will be important for future clinicians to utilize.
These skills will allow clinicians to engage in effective team-
based leadership with an understanding of systems-level health-
care issues when administering value-based and cost-effective
quality care. PEL Plus exposes medical students to these
aspects of team leadership, information management, entrepre-
neurship, innovation, systems and design thinking, and busi-
them for

ness and finance, which will prepare

interdisciplinary careers in the changing healthcare field.
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Appendix
Appendix A: Session offerings F summative project titles.

Appendix B: Survey questions organized by session

Survey questions. All questions were either:

1. Multiple choice in nature. Answers were formatted as
either a 5-point Likert scale or as individual answer
choices unique to the question being asked (written
below as options a,b,c,d...), OR

2. Free text narrative feedback

Questions with an asterisk () were only present in the
post-survey.Abbreviations:

Q=question

Session Year(s) Run
Business Models | (BM1) 2018-19,
2019-20
Business Models Il (BM2) 2018-19,
2019-20%
Design Thinking | (DT1) 2018-19,
2019-20
Design Thinking Il (DT2) 2018-19,
2019-20
Systems Thinking (ST) 2018-19,
2019-20°
Leading Teams (LT) 2018-19
Building & Leading Teams (BLT) 2019-20
Managerial Decision Making (MDM) 2018-19
Managing & Analyzing Data (MAD) 2018-19
Finance & Accounting Principles (FAP) 2019-20
Summative Project Titles Year
Presented
Nitric oxide for neonatal respiratory disorders: 2018-19
Opportunities for cost reduction
Jefferson supply chain: contrast media utilization
in the cardiac catheter lab
Improving healthcare access for young athletes
OrthoPod°
Reducing unnecessary transfers of pediatric 2019-20

patients

Streamlining hospital-hospital transfers for
pediatric musculoskeletal patients

Acute care leakage

Opioid Use Disorder (OUD) care pathway
optimization

@Data collection malfunctioned at the start of this session in 2019-20 and so any
analyses requiring both pre- and post-session data were not able to be performed
for this year.

PThis session did not contain any knowledge-based multiple-choice questions.
°This was a brand name that the students created for their innovation. The project
focused on improving access to care for young athletes.

A=answer

Business Models I (BM1) session:. Q: 1 have a strong under-
standing of Business Models.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: Using the functionality of an automobile as an analogy, a
Business Model would be best represented as:

A: a. the body of a car; b. the engine; c. the fuel; d. the map

for a road trip
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Q: When it comes to creating and understanding REAL
value, the most powerful question to answer in Business
Model design is:

A: a. What?; b. How?; c. Why?; d. For Whom?

Q: The most important skill in successful Business Model
design is:

A: a. analytics; b. creativity; c. empathy; d. none of these

*Q: Today’s session increased my understanding of Business
Models

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding
today’s session (optional to answer)

A: free text feedback

Business Models II (BM2) session:. Q: I have a strong under-
standing of Business Models.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: In business model development, the initial product or
service offered to your priority customer segment(s) is referred
to as:

A: a. USP; b. first product; c. the MVP; d. none

Q: Product innovation is only one type of innovation.
Innovation

experts assert that there are actually

unique types of innovation commonly

found in successful business models.

A: a. 4; b. 10; c. 20; d. none of these

Q: Which of the following represents Apple’s most success-
ful Business Model innovation?

A: a. Iphone; b. Itunes; c. Apple TV; d. all of these

*Q: Today’s session increased my understanding of Business
Models

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding
today’s session. (optional question)

A: free text feedback

Design Thinking I (DT1) session:. Q: I have a strong under-
standing of Design Thinking.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: Practitioners of design thinking always focus research
efforts on understanding to drive decisions.
A: a. historical precedence; b. profit; c. global influences;

d. user needs

Q: An ideal ideation session should:

A: a. encourage participants to systematically take turns
speaking so everyone is heard; b. encourage wild and potentially
unfeasible ideas; c. be a loud, boisterous, and high-energy
experience; d. always include a boss or key decision maker

Q: Design thinking and the scientific method:

A: a. require testing a hypothesis; b. are linear processes;
c. have nothing in common,; d. share a focus on empathy

*Q: Today’s session increased my understanding of Design
Thinking.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding
today’s session (optional question)

A: free text feedback

Design Thinking I (DT2) session:. Q: 1 have a strong under-
standing of Design Thinking.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: The Design Thinking Process is:

A: a. linear; b. cyclical; c. loopy; d. none of these/something else

Q: Studying the steps of a task:

A: a. mostly helps you to know how something should be
done; b. mostly helps you to see how the user is actually per-
forming; c. mostly gives you subject matter for making changes

Q: Considering design solutions to problems, is language
used only to explain things (objects, situations, etc)?

A: a. yes; b. no

*Q: Today’s session increased my understanding of Design
Thinking.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding
today’s session. (optional question)

A: free text feedback

Finance & Accounting Principles (FAP) session:. Q: 1 have a
strong understanding of Finance & Accounting Principles.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: A Cash Flow Statement is composed of cash flow from:

A: a. operations, investing, financing; b. investing, sales,
profit; c. financing, operation, profit; d. sales, profit, investing

Q: What do most managers consider the most important
number to report to investors?

A: a. net income; b. cash flow; c. revenue; d. profit
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Q: Liquidity/Short Term Solvency Ratio measure:

A: a. (total assets — total equity)/total assets; b. current
assets/current liabilities; c. current assets/total assets; d. net
income/current liabilities

*Q: Today’s session increased my understanding of Finance
& Accounting Principles

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding

today’s session. (optional question)
A: free text feedback

Managing & Analyzing Data (MAD) session:. Q: 1 have a
strong understanding of Managing & Analyzing Data

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: What % of EMR data is unstructured?

A: a. 40%; b. 90%; c. 65%; d. 80%

Q: What is a common machine learning method?

A: a. cross-sectional analysis; b. linear regression; c. random
forest; d. none of these

Q: Which of the following is one of the 4 “V’s” of Big Data?

A: a. volume; b. velocity; c. variety; d. all of these

*Q: Today’s session increased my understanding of
Managing & Analyzing Data

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding

today’s session. (optional question)
A: free text feedback

Leading Teams 2018 (LT18) session:. Q:1have a strong under-
standing of Team Leadership.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: What percentage of medical errors can be attributed to
dysfunctional team dynamics?

A: a. 15%; b. 28%; c. 57%; d. 70%

Q: What type of team can be described as having shared
decision-making responsibilities?

A: a. multi-disciplinary team; b. inter-disciplinary team;
c. trans-disciplinary team; d. none of the above

Q: What are the characteristics of High Performing Teams?

A: a. trust, communication, commitment, strong leadership;
b. trust, collaboration, results-focus, recognition; c. respect,
integrity, strong leadership, results-focus; d. forming, storming,
norming, performing

*Q: Today’s session increased my understanding of Team
Leadership

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding
today’s session. (optional question)

A: free text feedback

Managerial Decision Making (MDM) session:. Q: 1 have a
strong understanding of Managerial Decision Making.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: According to subjective expected utility theory, what is
the ultimate goal of decision making?

A: a. simply to maximize pleasure and gain; b. to maximize
pleasure and minimize gain; c. simply to minimize pain and
loss; d. to eliminate any risk of pain or loss

Q: Peggy decided to drive to her parents” house for the holi-
days rather than fly because of a recent high-profile plane crash
in her area. According to Kahneman and Tversky this is an
example of the heuristic.

A: a. recognition; b. representativeness; c. synthesis;
d. availability

Q: Mapping out a decision in terms of a few yes or no ques-
tions that eventually lead to a final decision is defined by
Gigerenzer as a

A: a. recognition heuristic; b. overconfidence heuristic;
c. fast-and-frugal tree; d. take-theOfirst map

*Q: Today’s session increased my understanding of
Managerial Decision Making

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding
today’s session. (optional question)

A: free text feedback

Building & Leading Teams (BLT) session:. Q: I have a strong
understanding of Team Leadership

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: Which of the following is NOT a principle of Orpheus
leadership?

A: a. create clarity of roles; b. foster horizontal teamwork;
c. lead from behind; d. share and rotate leadership

Q: Which of the following factors for success did Roman
Legions use?

A: a. commitment; b. trust; c. values; d. respect
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Q: How does the Disney Leadership Institute create an
exception culture in a week?

A: a. safety, courtesy, show, efficiency; b. trust, communica-
tion, commitment, strong leadership; c. trust, collaboration,
results-focus, recognition; d. respect, integrity, strong leader-
ship, results-focus

*Q: Today’s session increased my understanding of Team
Leadership

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding

today’s session. (optional question)
A: free text feedback

Systems Thinking (8T) Session (note that there were no
knowledge-based multiple-choice questions for this session):. Q: 1
have a strong understanding of the principles of systems
thinking.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Today’s session increased my understanding of systems
thinking.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: I found today’s session to be valuable and interesting.

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

*Q: Please include any feedback or comments regarding
today’s session (optional question)

A: free text feedback

Summative Survey (end of year survey). Q: Class Year

A:a. MS1; b. MS2

Q: I found PEL Plus to be valuable to my medical school
education

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: I believe PEL Plus will be valuable to my future medical
career

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: Overall, I enjoyed my experience with PEL Plus

A: Strongly disagree to Strongly agree; scale of 1-5 respectively

Q: I would recommend PEL Plus to my peers

A: Strongly disagree to Strongly agree; scale of 1-5
respectively

Q: What are your future career plans (select all that apply):

A: a
c. pharmaceuticals; d. clinical medicine; e. healthcare manage-
ment/administration; f. business/consulting; g. public health/
public policy

Q: What did you like about PEL Plus?

A: free text feedback

Q: What would you change about PEL Plus?

A: free text feedback

Q: Other thoughts or comments (optional)

A: free text feedback

academic medicine/research; b. biotechnology;

Demagraphics Questions:. Q: Degree earned before medical
school (undergraduate):

A: a. Biological Sciences; b. business; c. other science;
d. other non-science

Q: Prior business coursework:

A: a. Some coursework; b. Business Degree/Minor; c. None

Q: What did you do before medical school?

A: Multiple selections possible: a. Undergraduate degree
only; b. research; c. scribe; d. MBA; e. other graduate degree

Appendix C: PEL Pillars and Associated Sessions

Appendix D: Performance on Questions by Session, Pillar,
and Qverall, as a Factor of Prior Experiences and Business
Coursework Exposure

PEL PILLAR ASSOCIATED SESSIONS

Business Models | & Il (BM1 & BM2),
Design Thinking | & Il (DT1 & DT2)

Entrepreneurship &
Innovation

Applied Leadership Leading Teams (LT), Building & Leading
Teams (BLT), Managerial Decision

Making (MDM)

Care Quality &
Experience

Managing & Analyzing Data (MAD),
Systems Thinking (ST)
Health Finance Finance & Accounting Principles (FAP)

Law & Ethics N/A

Health Policy N/A
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