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For rising professionals to meet the needs of contemporary healthcare and
biomedical innovation, educators must develop new teaching and learning
approaches. Specifically, biomedical innovations are significantly influenced
by the FDA's regulatory framework, requiring professionals to be equipped
with regulatory science knowledge, entrepreneurial skills, and interdisciplinary
training. However, biomedical education often fails to integrate these skills in an
environment that mimics the interdisciplinary setting required for translational
science, leaving learners unprepared for unique challenges in practice. This study
details an FDA Regulation and Entrepreneurship curriculum at Case Western
Reserve University and its affiliated community, leveraging a novel approach for
biomedical education. Focused on preparing biomedical professionals to navigate
FDA regulatory processes and innovative entrepreneurship endeavors, the curriculum
is built upon five core principles: integrating multiple disciplines, ensuring real
world applicability, developing a systems thinking approach, incorporating ethical
considerations, and fostering a collaborative and experiential learning environment.
These principles are supported by a flexible course format, targeted learning
objectives, team-based learning sessions, experiential learning opportunities,
a diverse participant population, and an interdisciplinary team of faculty and
experts. High participant engagement and broad representation across fields over
the curriculum’s three-year lifespan to date affirm its relevance and value with
participants representing the fields of basic science, medicine, law, business, and
engineering. The flexible course format, team-based learning, and experiential
learning proved instrumental in enhancing engagement, reinforcing practical
learning outcomes, and supporting personalized learning goals. The flexible course
format further aligns with professional needs of participants, providing a model
for other institutions navigating similar challenges in biomedical education. In
conclusion, participant feedback demonstrated the value of the interdisciplinary
and transdisciplinary training approach in promoting knowledge retention and skill
development in complex medical, business management and legal contexts. Moving
forward, targeted outreach and flexible engagement options will be necessary to
expand the curricular reach and diverse participant population. The success of
the curriculum suggests promising implications for similar approaches aimed at
empowering biomedical professionals with essential regulatory, entrepreneurial
and interdisciplinary competencies, ultimately advancing translational science
and improving healthcare outcomes.
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Introduction

Innovations in teaching and learning for biomedical educators
have become increasingly necessary to address the evolving
complexities of modern healthcare systems and biomedical innovation
(1). As the landscape of biomedical education shifts toward more
interdisciplinary and practice-oriented approaches, there is a growing
need for educational models that not only teach core health sciences,
but additionally equip learners with the skills to navigate regulatory
frameworks and foster entrepreneurship in biomedical fields (2). In
particular, the regulatory framework of the United States Food and
Drug Administration (FDA) plays a critical role in determining the
success of biomedical innovations, requiring biomedical professionals
to be proficient in navigating its processes for drug, device, and
biologic approvals. Yet, traditional biomedical education often lacks
an integrative focus on these regulatory and entrepreneurial
competencies, leaving graduates unprepared for the multifaceted
challenges they face in practice (3). Therefore, this paper explores how
interdisciplinary training can better prepare biomedical professionals
for these challenges by integrating business management, law,
engineering, and social sciences into biomedical education.

The problem of practice in higher education lies in the outdated
curricular models that do not adequately address the interdisciplinary
nature of modern healthcare innovation (4). Despite the increasing need
for professionals to work across multiple domains, many educational
programs remain siloed, with little collaboration between medical
schools, business schools, and other relevant fields (5). The result is that
learners graduate with a strong foundation in their discipline but lack
the broader competencies required for success in complex adaptive
systems, such as the FDA regulatory process (6). Compounding this
issue, graduate enrollment in higher education has been on the decline
over the past decade, with organizations less willing to invest in
employees’ formal training. This trend presents a significant challenge
for universities aiming to stay relevant while also meeting the needs of
their learners and the demands of the healthcare industry (7).

Existing literature on interdisciplinary education in health
professions and the biomedical sciences highlights the importance of
integrative learning models, such as team-based learning (TBL),
mentorship, and digital tools, which have been shown to improve
student engagement, critical thinking, and collaboration (8, 9).
However, there are notable gaps in these models, particularly in their
ability to effectively bridge the divide between medicine and
management (10). While case studies and isolated programs have
demonstrated the value of interdisciplinary approaches, there remains
a lack of comprehensive curricula that provide sustained, practical
training in both regulatory science and biomedical entrepreneurship.
Additionally, current models tend to focus on either the academic or the
professional aspect of training, rather than offering a holistic approach
that integrates real-world application with academic rigor (11).

This paper seeks to address these gaps by presenting a case study
of a newly developed interdisciplinary curriculum that integrates
medicine, basic science, business management, law, and engineering
at a tier-1 research university. By evaluating data from three completed
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interdisciplinary courses, this study will examine the impact of
innovative teaching strategies, such as TBL, case study analysis, and
experiential learning on participant competencies in navigating FDA
regulatory processes and fostering biomedical innovation (12).
Furthermore, the curriculum offers flexibility in its delivery, allowing
participants from various disciplines and professional backgrounds to
earn informal certificates or micro-credentials and to earn formal
transcriptable credits. The stakeholders most impacted by this work
include prospective participants, biomedical educators, curriculum
developers, policymakers, and healthcare organizations seeking to
cultivate leaders capable of driving innovation in the field.

We hypothesize our interdisciplinary education model will better
prepare biomedical professionals to navigate regulatory frameworks
and drive biomedical innovation in complex healthcare environments.
This work is highly relevant to the ongoing challenges faced by higher
education institutions and biomedical educators in preparing learners
to promote healthcare innovation. By offering student data-driven
recommendations for enhancing interdisciplinary training, this paper
contributes to the broader discourse on how to innovate teaching and
learning practices in a way that aligns with the needs of both learners
and the healthcare industry.

Pedagogical framework and principles

The development of this innovative teaching and learning approach
for regulatory science and biomedical innovation began with five core
principles: (1) Integrating multiple disciplines; (2) Ensuring real world
applicability; (3) Developing a systems thinking approach; (4)
Incorporating ethical considerations encountered with interdisciplinary
thinking; and (5) Fostering collaborative and an experiential learning
environment (Table 1). Under this framework, this study set out to
combine perspectives from medicine, science, engineering, business
management, law, and regulatory science to provide a comprehensive
understanding of the FDA approval process and biomedical
entrepreneurship. The idea is to not only educate learners seeking this
theoretical knowledge, but to ensure an emphasis on practical, hands-on
learning through real world experiences of experts, case studies, TBL
exercises and interactions with industry professionals (13, 14).

The aforementioned principles were developed in advance of the
course as aspirational goals to ensure innovation and relevant
experiences for students and working professionals. To develop this
curriculum in accordance with contemporary needs for biomedical
innovation, it is necessary to develop a systems thinking approach to
global healthcare needs (4). This would allow participants to think
critically about real world problems of practice in a transdisciplinary
manner to generate new ideas for innovative solutions (15). This is
the general understanding that the world is not linear and it requires
a systematic approach, complete with recursive feedback loops, to
contribute to the most challenging problems in biomedical
innovation (16). Additionally, the incorporation of discussions on
various legal and ethical implications of biomedical innovations and
the appropriate regulatory approaches to ensure compliance without
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TABLE 1 Core principles guiding curriculum development and resulting
learning objectives.

Core principles

A. Integrate multiple disciplines

B. Ensure real world applicability

C. Develop a systems thinking approach

D. Incorporate ethical considerations for interdisciplinary thinking
E. Foster collaborative and an experiential learning environment
Learning objectives

1. Summarize the history and mission of the FDA

2. Describe the drug approval process

3. Distinguish between different routes of product approval*

4. Compare and contrast biological product issues

5. Compare and contrast device and diagnostic approval process*
6. Discuss the importance of required clinical trial design elements
7. Identify the key principles for ethical human clinical testing*

8. Discuss ethical considerations related to generic medications

9. Identify FDA enforcement and post-marketing issues

10. Formulate a recommendation following IND/IDE review*

11. Synthesize knowledge gained to prepare an IND/IDE application*

The five core principles guiding the development of the regulatory sciences and
entrepreneurship course offered to diverse participants including CWRU students, faculty,
staff and others in affiliated hospital systems. This resulted in the development of 6 original
learning objectives for AY 21-22 and the addition of 5 learning objectives for AYs 22-24;
*Learning objectives added for AYs 22-24.

inhibiting idea generation was necessary. Finally, the core principle
of fostering teamwork among participants from diverse academic and
professional backgrounds to best mirror real world interdisciplinary
collaborations was essential. Therefore, innovative curriculum design
and pedagogical approaches were developed to support these
principles during the course.

While this framework primarily adopts an interdisciplinary
approach, it is important to distinguish this from a transdisciplinary
approach which is also incorporated but to a lesser degree.
Interdisciplinarity requires the integration of knowledge and methods
from different disciplines internal and external to medicine in this
context. However, this historically maintains the clear boundaries
between disciplines and the awareness that you are crossing those
boundaries. This approach is valuable as it helps to then focus more on
synthesizing these diverse perspectives across the learning process.
However, pedagogically the plan required a higher level of integration
or transdisciplinary elements to fully support the core principles. This
transcends those traditional disciplinary boundaries and blurs the
typical differentiation between alternative perspectives (17). Ideally,
this creates a more unified framework that goes above and beyond
individual disciplines to create something where integration is of a
higher order compared to the individual components. Under these
circumstances, participants will be able to create new conceptual,
theoretical and methodological approaches. This higher order level is
essential for catalyzing the translation of discoveries from basic science
laboratories to testing in humans, to testing in patients, then to the
practice of medicine and ultimately to the community of practice.

In the context of this course, an interdisciplinary approach allows
learners from various backgrounds (i.e., medicine, nursing,
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engineering, business management, basic sciences, etc.) to bring their
unique perspectives while learning to collaborate. A transdisciplinary
approach then goes further to potentially develop entirely new
frameworks for understanding biomedical innovation that transcend
existing disciplinary structures. This framework emphasizes
interdisciplinary science and learning to ensure learners gain a
comprehensive understanding while still respecting the distinct
contributions of each field. However, elements of transdisciplinarity
are incorporated to encourage participants to develop innovative
solutions or new pathways that might challenge traditional
disciplinary boundaries.

Learning environment
Curriculum oversight

Interdisciplinary curriculum addressing regulatory science and
entrepreneurship was developed at Case Western Reserve University
(CWRU) as a joint effort between the School of Medicine (SOM) and
Weatherhead School of Management (WSOM) by curriculum leaders
from each respective school. The advisory committee formed to
support this initiative assisted curriculum leaders with the development
of learning objectives, teaching approaches, curricular materials, and
experiential learning opportunities to support the pedagogical
framework principles outlined above. The resulting course was offered
annually for three consecutive academic years (AYs).

Target audience

Course advertisements were sent to undergraduate and graduate
students in relevant programs as well as the faculty and staff
supporting those relevant departments and programs across
CWRU. Notably, the course was also advertised to the four affiliated
hospital systems in the Greater Cleveland Area. Specifically, The
Cleveland Clinic, University Hospitals, MetroHealth, and Cleveland
Veteran Affairs Medical Center. Targeted advertisements were sent to
members of the Case Comprehensive Cancer Center and Clinical and
Translational Science Collaborative. Prospective participants were
encouraged to share advertisements with others in their professional
networks, not affiliated with CWRU, but interested in the content and
experiential opportunities.

Course format evolution

The format of the course began as an informal certificate course
consisting of 10 two-hour sessions in AY 21-22. Synchronous,
in-person and virtual options were offered to allow hybrid delivery
and support our diverse participants. Interested faculty, staff, and
other non-student participants were required to pay a registration fee
and would receive a certificate of completion following successful
attendance at 80% or more sessions. To incentivize healthcare provider
participation, continuing medical education (CME) credit was offered
for each session. Additionally, several slots with waived registration
were offered to students on a first come, first serve basis. The AY 21-22
sessions primarily adopted a flipped classroom, discussion-based
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approach with limited lecture-based sessions delivered by experts in
their respective field, in line with the framework outlined above and
course learning objectives (Table 1).

To further accommodate our diverse participants comprising the
target audience and address the needs of the CWRU and affiliated
community, the course format in AY 22-23 was converted to a formal,
flexible credit hour course for students with the informal certificate
course still offered for non-student participants. Based on low in-person
attendance the previous year, the hybrid course was converted to a
virtual-only format. Fourteen, two-hour sessions were now included, 10
of which retained the original format described above. Remaining
sessions focused on TBL, leveraging case studies based on real world
experiences of the experts lecturing and leading discussions.

TBL is a strategy that requires participant engagement in pre-class
preparation, in-class individual and team assessments, and team
application exercises to promote active learning and collaboration (18,
19). For this course, teams were thoughtfully assigned to ensure
participants from different disciplines (i.e., medicine, business
management, law) were grouped together. This approach allowed
teams to leverage the collective knowledge of the team to tackle real-
word case studies (Supplementary Figure S1), mimicking the
interdisciplinary and transdisciplinary collaboration needed to
navigate the regulatory process and entrepreneurial ventures (20, 21).

The formal flexible credit hour designation allowed students to take
the course for either one or three transcriptable credits to count toward
elective requirements for their degree program. Students enrolled in the
course for one credit were expected to attend at least 80% of the sessions
and complete a reflection as a follow up to each TBL session
(Supplementary Figure S1). Pedagogically it is important to encourage
reflection on teamwork, personal growth, and understanding while
learning from others in the classroom (5, 18, 19). As an authentic
assessment, those enrolled for three credits also completed two projects
outlining components required for an Investigational New Drug (IND)
or Investigational Device Exemption (IDE) application for a technology
already approved (midterm; Supplementary Figure S2) and a
hypothetical technology in line with their research interests (final;
Supplementary Figure S3) (22). Differences in assigned student activities
allowed for justification of the flexible credit hour format. Those opting
for the informal certificate option had similar attendance and
registration requirements as above. CME credit was still offered to
incentivise healthcare provider participation.

Learning objectives and course content

Based on the core principles outlined above and the collaborative
effort of the curriculum leaders and advisory committee, eight original
learning objectives were developed to guide participant learning in
regulatory science and entrepreneurship. These were adopted for the
informal certificate course launched in AY 21-22. For AYs 22-24, five
learning objectives were added to align with the additional sessions
and assignments needed for formal flexible credit, especially those
focused on IND or IDE application assignments (Table 2). To ensure
alignment of course content and learning objectives, each session and
assignment was mapped to relevant learning objective(s) and core
principle(s) (Table 2).

The primary goal of the course and associated content was to
support the learning and application of regulatory science and
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entrepreneurship to support inter- and transdisciplinary collaboration
and healthcare innovation. To achieve this in an experiential,
interdisciplinary learning environment, the basic FDA regulatory process
was introduced early in the course (23, 24). Then medical and biological
product development with legal and ethical considerations was presented
and discussed (25). This provided the fundamental staging from concept
to market, an overview of the clinical trial process, the institutional
review board process, and steps to data submission review and approval.
Finally, entrepreneurial fundamentals including disclosure, protection of
intellectual property and licensing was introduced from a business
management perspective that included market analyses and funding
strategies (26). These ideas were developed against the backdrop of
regulatory principles and strategic approaches to regulatory management.
This helps learners craft effective regulatory submissions and
communication plans (26). The latter has to be understood to develop
skills needed to bridge knowledge gaps between disciplines while
practicing techniques for ideation, prototyping and iterative human
centered design principles in healthcare.

Faculty and guest speakers from diverse fields, including but not
limited to physician scientists, business and legal experts, and
regulatory and commercialization experts, were recruited to deliver
course content that aligned with their expertise and to share real-
world problems and perspectives from their field (Table 2). To further
strengthen the team of experts delivering course content,
biotechnology industry experts and successful entrepreneurs were
recruited to deliver relevant sessions and further provide opportunities
to explore entrepreneurial skills critical for biomedical professionals.
Additionally, the involvement of industry experts provided an unique
mentorship opportunity for course participants to grow their
professional network of support.

Course evaluation

Course evaluation and a continuous quality improvement plan is
needed to ensure the diverse groups of course participants achieve the
learning objectives and competencies needed to navigate the
regulatory process and entrepreneurship. Additionally, an evaluation
plan will ensure our course adapts to the ever evolving biomedical
innovation landscape and needs of the CWRU and Greater Cleveland
community. A requirement for all courses or sessions offered as CME
credits is an anonymous survey completed by participants after course
completion. Leveraging this requirement, course participants were
asked to complete an anonymous post-course survey each AY. Survey
questions focused on participant demographics, achievement of
course objectives, satisfaction with TBL activities, and an open text
box to collect qualitative feedback. Retrospective analysis of survey
data collected as part of the CME accreditation process was deemed
exempt from IRB review by the CWRU IRB (STUDY20240761).

Results

Participant diversity mimics interdisciplinary
environment of biomedical innovation

One of the core principles guiding the development of this course
was integrating multiple disciplines in order to support inter- and
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TABLE 2 Course sessions and assignments supporting core principles and learning objectives.

Session  Session topic and relevant assignment or

project

Speaker or grader
field of expertise

Mapped learning
objective

Mapped core
principle

1 History of FDA and FDA Mission Medicine, Law, Science, FDA | A-B,E 1

2 Inside the FDA: Reflections of a Former Division Director Medicine, FDA A-C,E 1-2

3 The Drug Approval Process Medicine, Law, Science, FDA | B-C,E L3

4 Regulatory Considerations for Biologics Management, Science, FDA B-C,E 1-4

5 Team-based Learning Session 1 All Fields A-E 1-4
Assignment: Written Reflection 1 All Fields A-E 1-4

6 Human Clinical Testing Management, FDA A-E 1-3,6,7

7 Clinical Trial Design Issues Medicine, FDA B-D 1-3,6,7

8 Generic Drugs and Ethics Science, FDA, Engineering B,D 1-3,8

9 Team-based Learning Session 2 All Fields A-E 1-8
Assignment: Written Reflection 2 All Fields A-E 1-8

10 FDA Review Process Medicine, Science, FDA A-C,E 1,10, 11

11 FDA Enforcement Medicine, Law, Science, FDA | A-D 1,9, 10
Project: IND/IDE Outline Approved Product All Fields A-E 1-11

12 Post-marketing Issues Medicine, Science, FDA B-D 1,9

13 Medical Devices and Diagnostics Science, FDA, Engineering A-C,E 1-3,5

14 Team-based Learning Session 3 All Fields A-E 1-11
Assignment: Written Reflection 3 All Fields A-E 1-11
Project: IND/IDE Outline Hypothetical Product All Fields A-E 1-11

Course outline indicating session number, session topic with relevant assignment or project, and session speaker or assignment grader field of expertise. Additionally, core principles and

learning objectives from Table 1 were mapped to each session.

transdisciplinary experiential learning mimicking the diverse
environment promoting healthcare innovation. While the curriculum
design primarily supported interdisciplinary learning, it was important
to establish a diverse group of course participants from varied training
backgrounds and disciplines. Specifically, participants from medicine,
law, business management, engineering and other disciplines would
support the interdisciplinary interactions in TBL and discussion-based
sessions necessary to support the remaining core principles of the
course. To recruit diverse participants, recruitment strategies outlined
above were used and demographic data collected from surveys and
course registration forms was compiled and analyzed each year to
confirm successful recruitment. In AY 21-22, 22-23, and 23-24, the
number of participants who registered for the course was 40, 33 and
45, respectively. Importantly, nearly 100% of participants each year
attended at least 80% of the sessions resulting in the awarding of a
certificate of completion. Similarly, all students enrolled for formal
credit received passing grades.

Participants were categorized as students, faculty, or staff at
CWRU or affiliated hospital systems (Figure 1). Participants that did
not fall in these categories included primarily postdoctoral fellows or
individuals in leadership positions and were included in the other
category. Interestingly, the participant distribution shifted from being
relatively balanced across student, faculty and staff groups in AY
21-22 to demonstrating higher student representation in following
years (Figure 1A). This effect coincided with creating a formal flexible
credit option and more widespread student advertisement.

Further analysis of the student participants revealed that students
from various training levels and fields were interested in the course
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across AYs offered (Figure 1B). The greatest number of participants
identified as either PhD or master students, which included students
pursuing an MS or MBA. The remaining participants were either
undergraduate students with a biomedical-related major, graduate
students pursuing a JD, or graduate students pursuing a dual degree
of an MD and PhD (Figure 1B). Moving forward, advertisement and
recruitment strategies will support the continued diversity in student
participants interested in our course with targeted opportunities to
reach others from the minimally represented degrees (i.e., MD-PhD,
JD, undergraduate).

Participants were also categorized by associated units, such as
CWRU school or college. Those who were part of the CWRU
community but were not associated with a specific unit were
categorized as other and those who were a part of one of the affiliated
hospital systems were grouped together as affiliates (Figure 1C). While
the majority of participants were associated with the School of
Medicine (SOM) and the Case School of Engineering (CSE) via the
Biomedical Engineering Program, it was encouraging to see
representation from other units across campus and affiliated hospital
systems (Figure 1C). Specifically, Weatherhead School of Management
(WSOM), School of Law (SOL), and the College of Arts and Sciences
(CAS) had associated participants enroll during at least 1 year the
course was offered. In the future, efforts will be made to ensure
continued, yet expanded participation from units and affiliates already
represented and those not yet participating.

With regard to the anonymous course evaluation survey
distributed at the end of the course, the response rates were ~ 58%,
~52% and ~ 49% for AYs 21-22, 22-23, and 23-24, respectively. As
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FIGURE 1

Course and survey participant distribution across years ensures
interdisciplinary experiential learning environment. Course
participant distribution based on number of registration form
responses across AYs. Participants were categorized by (A) position,
(B) student degree type, (C) associated school, college, unit, or
affiliated hospital system. SOM, School of Medicine; CSE, Case
School of Engineering; WSOM, Weatherhead School of
Management; SOL, School of Law; CAS, College of Arts and
Sciences. (D) Survey participant distribution based on number of
responses on end of course surveys across AYs. Participants were
categorized by position defined by CME requirements.
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per CME requirements, participants completing the survey
indicated if they were a physician (i.e., MD, DO, MD-PhD),
pharmacist (i.e., PharmD), scientist (i.e., PhD, MS), student, or
other (Figure 1D). Just as before the other group primarily consisted
of postdoctoral fellows. Notably, the number of physicians
completing the survey dwindled over the AYs the course was
offered which likely corresponds to the reduced number of course
participants hailing from the affiliated hospital systems over the
same years (Figure 1D). This is important to note to allow for
additional support and strategies to recapture prospective
participants from these affiliates for future course installments.

Achievement of personal goals and
competencies by diverse participants

Following the successful recruitment and participation of a
diverse participant cohort each year, it was important to identify
course components that were most successful in supporting the course
goals and core principles, specifically from the participant perspective.
Additionally, trends across years in participant perceptions and
feedback will provide additional clarity. Participants were first asked
to rate their level of agreement with the course’s ability to support the
achievement of their own personal learning objectives (Figure 2A).
Encouragingly the majority of participants agreed that their personal
objectives were met through the course. Only a few participants felt as
if they either disagreed or were neutral toward this statement in AY
21-22 but this diminished with each passing year, possibly due to the
incorporation of new learning opportunities in AY 22-23 and the
refinement of those in AY 23-24 (Figure 2A).

With regard to specific course learning objectives, participants were
similarly asked to rate their level of agreement with the course’s ability
to support the achievement of each objective (Figures 2B-E).
Collectively, survey data across AYs 21-24 suggest that the majority of
participants agree that the course supports the learning objectives with
only a few participants disagreeing or feeling neutral toward the
statement (Figure 2B). This pattern was consistent across survey data
from each year when analyzed independently (Figures 2C-E). It is
important to note that learning objectives 3, 5, 7, 10, and 11 (Table 1)
were added for AY 22-23 to further support the core principles. Based
on survey data, refinement of the sessions and activities supporting
these objectives was needed (Figure 2D) and the number of those in
agreement increased as a result for AY 23-24 (Figure 2E). This
refinement included adjustment of topic schedule, TBL case study edits,
team-teaching of specific topics and additional guidance for projects.

Enhanced interdisciplinary experiential
learning through team-based learning

As mentioned above, three TBL sessions were incorporated into
the schedule for AY 22-23 and AY 23-24 as part of the course changes
that justified the formal flexible credit option. Specifically, TBL
sessions for this course included pre-reading assignments before the
session, readiness assurance discussions to begin the session, and two
to three case studies designed by experts and based on real world
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FIGURE 2
Participants agree course design and delivery supports achievement of learning objectives. (A) Course participants were asked on end of course
surveys to rate their level of agreement with: "My personal learning objectives were met” on a scale of strongly agree to strongly disagree. Participants
were also asked to provide their level of agreement with: “The course learning objectives were met” on a scale of strongly agree to strongly disagree.
(B) Total responses for each learning objective across AYs, (C) AY 21-22, (D) AY 22-23, and (E) AY 23—-24 are reported for comparison; *Learning
objective added after AY 21-22.

situations. Each case study was accompanied by several probing
questions to guide and encourage discussion among the
interdisciplinary groups assigned (Supplementary Figure S1). Each
group would read the case study and discuss the questions in a
breakout room via Zoom and come to a consensus statement or stance
which they would then report out to the larger group in the main
Zoom meeting room. These sessions were designed in a way to
support all core principles and the achievement of most learning
objectives for the courses. As part of the survey distributed at the end
of the course in AYs 22-24, participants were asked to rate their level
of agreement with the TBLs ability to support the practical applicability
of course content and effective delivery of content and organization
(Figures 3A-C). Again, the majority of participants agreed with these
statements with the number of limited participants disagreeing or
responding as neutral dwindling from AY 22-23 (Figure 3B) to AY
23-24, coinciding with session refinement efforts (Figure 3C).

Innovative curricular design achieves
course goals and objectives

Overall these data support that our recruitment and advertising

strategies are able to successfully recruit diverse participants to
support the inter- and transdisciplinary goals of the course. While
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there will always be room for improvement in representation from
diverse disciplines, participants’ diversity was sufficient to support the
core principles, promote achievement of personal and course learning
objectives, and ensure the success of TBL sessions. Moreover, the
format, content and delivery by diverse speakers supports the
achievement of personal and course learning objectives. Finally,
survey data support the use of TBL sessions to reinforce the core
principles and provide an opportunity for the effective delivery and
applicability of course content in an interdisciplinary and collaborative
group setting.

Discussion

These findings highlight the effectiveness of an interdisciplinary
and transdisciplinary approach to teaching and learning for
biomedical education, specifically in preparing participants for the
complexities of FDA regulatory processes and biomedical
entrepreneurship. The high participant engagement and diversity over
three AYs indicate sustained importance of content and skills taught
as well as the relevance to a broad audience of current or future basic
science, healthcare, law, business management, and engineering
professionals. The inclusion of students, faculty, and staff across
schools at CWRU, but also from affiliated hospital systems

07 frontiersin.org


https://doi.org/10.3389/fmed.2025.1522572
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Cola and Mangosh

10.3389/fmed.2025.1522572

Strongly
Agree

Agree
Neutral
Disagree

Strongly
Disagree

o onomoo

1
0 25 50 75 100

Percent of Total Responses (AYs 22-24)

I T T T T
0 25 50 75 100

Percent of Responses (AY 23-24)

Participants agree TBL sessions support achievement of course goals and interdisciplinary collaboration. Course participants were asked on end of
course survey to rate their level of agreement with two statements related to the practical applicability and effective delivery of content through TBL

A' Practical Applicability of Content Presented (B)
TBL1
Effective Delivery of Content and Organization (A)
Practical Applicability of Content Presented (B)
TBL 2
Effective Delivery of Content and Organization (A)
Practical Applicability of Content Presented (B)
TBL 3
Effective Delivery of Content and Organization (A)
B. . C.
TBL 1 TBL 1
A
B
TBL 2 TBL 2
A
B
TBL 3 TBL 3
A
I T T T T
0 25 50 75 100
Percent of Responses (AY 22-23)
FIGURE 3
sessions. (A) Total responses for each TBL session across AYs, (B) AY 22-23, and (C) AY 23-24 are reported for comparison.

demonstrates similar interdisciplinary educational models are capable
of mimicking the environment of and cultivating the skills necessary
to foster biomedical innovation. Furthermore, these findings suggest
that the recruitment strategies employed were successful in attracting
diverse participants that align with and support the course goal of
collaborative learning across disciplines. Leveraging this approach and
core principles, two additional courses in this space entitled Patent
Law and the Biomedical Sciences and Regulatory Strategy and FDA
Communication were created. Moving forward, this educational
approach will facilitate the creation of additional curricula designed
to solve complex interdisciplinary challenges.

The recruitment of diverse faculty, FDA regulatory experts, and
biomedical entrepreneurs to deliver the course content further
supported the course goals of collaboration across disciplines. From
the content experts conducting the class came diverse real-world
experiences that were converted into TBL sessions in AY 22-23. These
sessions required experiential and collaborative learning in
interdisciplinary groups which further enhanced participant
engagement and reinforced the practical applicability of content and
skills. As a result, the majority of participants reported the course
successfully supported their personal learning objectives, with
feedback improving each year as course elements were added and
refined. The progressive alignment of course learning objectives with
content, especially with the addition of new objectives, sessions, and
authentic assessments in subsequent academic years, reflects
responsiveness of course developers to participant feedback and
commitment to continuous quality improvement. This trend and
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participant feedback indicates that experiential learning paired with
interdisciplinary collaboration can significantly improve engagement
as well as knowledge retention and application in complex regulatory
and entrepreneurial contexts.

Despite course popularity among the CWRU community and
affiliates, a decrease in participation from healthcare affiliates was
observed over time, particularly among physicians. Though this
decline coincides with increased student-targeted advertising and
enrollment in AYs 22-24, this trend highlights the need for targeted
recruitment efforts to re-engage this important population. The
current and future physician and physician-scientist population is
crucial given the importance of regulatory knowledge in research and
clinical practice. To address this, future plans include asynchronous
learning options, expanded CME credit opportunities, and
collaborations with affiliated hospital systems to encourage greater
participation. Recruitment and advertising plans also include
improved outreach to students in the MD program at CWRU who
historically enrolled in this course significantly less than students from
other degree programs. The course described herein has already
demonstrated significant flexibility to aid participant engagement
from AY 21-22 to AY 23-24 and will be able to continually adjust to
meet the needs of the course, participants, and the biomedical
industry. For example, successful implementation of flexible credit
options and micro-credentialing allowed participants from various
fields and levels of training to engage in the way that best fit their
current professional needs and future career aspirations. These future
efforts will maintain strong representation from all relevant fields and
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ensure the interdisciplinary benefits are maximized, which is essential
for understanding the multifaceted nature of transdisciplinary
biomedical innovation and regulatory frameworks.

Overall, the findings of this study contribute valuable insights
into the design of biomedical education that effectively integrate
regulatory, entrepreneurial, and interdisciplinary competencies. The
TBL sessions and interdisciplinary group discussions accentuate the
need for such to become the standard for biomedical education
going forward. Future iterations of this curriculum could build on
these insights, exploring additional strategies to enhance
interdisciplinary representation and continuously adapt based on
the evolving industry and participant feedback (27). This approach
could serve as a model for other educational institutions aiming to
remain strong and relevant in an era where traditional degree
programs have not fully met industry needs, which is becoming
more important with declining graduate program enrollment. The
successes described herein underscores the need for related or
similar curriculum to prepare healthcare, FDA regulatory, and
scientific professionals for the complex, adaptive systems they will
encounter as necessary stepping stones to advance innovation within
healthcare. Ultimately, such advances in biomedical education will
catalyze the translational science paradigm, thereby improving
healthcare outcomes (28).
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