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Abstract
Successful translation of medical devices requires a clear pathway through the business environment, including regulatory 
obligations and the protection of intellectual property. Introducing these topics can be challenging for biomedical engineering 
programs, as students prefer hands-on activities and retain concepts best when directly applied to projects or research. To 
address this challenge, 10 years ago, we created a two-semester course sequence covering these topics, primarily intended 
for MS students focused on medical device design. Course content is delivered with a “just-in-time” approach to align with 
ongoing year-long design projects. In the fall semester, our course covers IP and regulatory topics relevant to the selection 
of an unmet clinical need for further development. The spring course covers topics related to implementation of a business 
model for a new product, such as licensing, clinical trials, quality systems, and submission of material to the FDA. Over 10 
years, we have added numerous special features, including a regulatory science competition, a mock Pre-Submission Project 
reviewed by regulatory experts, and an IP presentation modeled after industry practices. In this manuscript, we review course 
content, structure, and outcomes. A survey was used to obtain feedback from graduates now in widely varying positions in 
the medical innovation space. In addition, we obtained feedback from a sample of external reviewers. With a response rate 
of ~50%, the survey identified strong support for the courses and identified chosen career paths. The mock Pre-Submission 
Project was highly valued by students and their employers, as were other assignments that aligned with ongoing design or 
research activities. Several opportunities for improvement and possible expansion of the course were identified to further 
enhance this valuable part of our curriculum.
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Introduction

The development of skills outside of traditional engineering 
concepts is critical for students who are completing a bio-
medical engineering MS degree. Two areas in particular, the 
regulatory process and the protection and analysis of intel-
lectual property (IP), often receive minimal attention when 
planning an engineering curriculum, even though regulatory 
procedures was ranked as a highly important skill for bio-
medical engineering students in a recent survey of biomedi-
cal engineering faculty [1]. In many cases, this material is 
delivered in a lecture and quiz format, not allowing students 
to directly engage with examples of how these topics create 
challenges and opportunities within medical innovation. To 
accomplish the broad goals that we believe are necessary 
for educating students on the commercialization of medi-
cal products, we created a pair of courses within the Uni-
versity of Rochester’s Center for Medical Technology and 
Innovation (CMTI) program in the Biomedical Engineering 
(BME) Department, in conjunction with the Clinical and 
Translational Science Institute (CTSI) of the University of 
Rochester.

The close proximity and frequent partnerships with the 
University of Rochester Medical Center have resulted in 
vibrant, clinically-based collaborations with many oppor-
tunities for experiential learning for our engineering stu-
dents. In addition, the CTSI has been supporting trans-
lational research since 2006, when the first Clinical and 
Translational Science Award was granted by NIH. A key 
component of the first award was the establishment of an 
Office of Regulatory Support to provied regulatory affairs 
services for Sponsor-Investigator researchers across the 
university who are conducting studies with FDA-regulated 
products. One of the main missions of this office was edu-
cation of faculty, staff, and students.

In 2011, the MS program within the CMTI was designed 
as a unique educational program where students experience 
clinical observation along with bioengineering design to pre-
pare them for careers in medical technology design, develop-
ment, and innovation. Inclusion of a clinical practicum with 
hands-on experience in the product development process 
was central to the training. During this practicum, students 
work in teams to identify unmet clinical needs and are then 
expected to select one clinical need for further development 
with a prototype and business model. Understanding the 
potential regulatory obligations and the process of protecting 
created intellectual property are critical to the final clinical 
need selection, as well as to the concept development and 
business planning, as these can strongly influence the feasi-
bility of implementation.

Allowing students to proceed too far down the design 
pathway without a solid foundation in the parameters 

which will influence their design choices is problematic. 
To ensure that students were well-prepared for decision-
making related to need selection and potential for commer-
cialization, we developed a two-part course with a “just-
in-time” approach to deliver instruction on the U.S. FDA 
regulatory processes (primarily for medical devices) and 
IP analysis and protection. This course development was 
supported in part by a grant from the National Collegiate 
Inventors and Innovators Alliance (now Venturewell). 
With our desire to cover two topics over the course of two 
semesters, we were presented with the question of which 
topics to offer in the fall, and which to offer in the spring. 
We felt it was imperative that students begin to learn some 
aspects of each topic early in their 12-month program, 
prior to concept development. Therefore, we chose to 
develop a two-course series, meeting once per week, that 
spanned two semesters. The two courses, each two credits, 
took a novel approach by alternating the FDA regulatory 
and IP analysis topics weekly. The goal was to ensure that 
students were introduced to relevant resources and issues 
through course topics and key assignments (Fig. 1A) prior 
to clinical needs selection in the fall, and then cover issues 
critical to the commercialization of the created medical 
inventions in the spring semester. This delivery closely 
paralleled the design efforts within the CMTI MS program 
(Fig. 1B), allowing students to apply their knowledge to 
ongoing projects. As the courses have evolved, we have 
incorporated several special experiential assignments, 
including a mock pre-submission review (mock Pre-Sub-
mission Project), in collaboration with volunteers from the 
FDA and the medical innovation community. In addition, 
a patentability evaluation was designed to mimic industry 
practice related to intellectual property. Thus, we incor-
porated real-world simulations of practices in the medical 
innovation field to foster self-efficacy and confidence [2].

After 10 years of offering these courses, we have elected 
to conduct a thorough review of the participants, including 
their perspectives on the value of the course content and 
several key educational experiences that are completed as 
part of the courses. We wanted to evaluate the overall per-
ceived value of the course content, transfer of knowledge 
and skills to the workplace and ensure sustainability of 
the program. To accomplish this, we conducted a review 
of the student participants and their career paths and dis-
seminated an online survey. We also sent an email survey 
to the professional volunteers who participated in reviews 
that supported the mock Pre-Submission Project. Specifi-
cally, we hoped to answer the following questions:

1.	 What is the nature of the students who have taken our 
courses and where have they gone in their careers?
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2.	 What aspects of the courses do participants (both stu-
dents and volunteer reviewers) find most valuable and 
why?

3.	 Do external participants in course projects find their 
experience worthwhile?

Course Overview and Key Features

The specialized expertise required for this course prompted 
us to involve two instructors working in partnership over 
the course of the year. To meet didactic needs on the intel-
lectual property focused side of the course, those lectures 
were taught by an experienced technology transfer profes-
sional or a licensed attorney who is registered to practice 
in front of the United States Patent and Trademark Office. 

A regulatory affairs professional was responsible for the 
balance of the course, including course management, TA 
coordination, organization, and logistics. To augment our in-
house knowledge and to expose the students to a variety of 
career options, outside guest speakers were selected to give 
occasional lectures that covered a specific topic in the sylla-
bus and also offered a view of potential career options. These 
also provide valuable opportunities for networking. Guest 
lecturers were selected not only based on their experience in 
the relevant regulatory, quality, IP, early-stage financing or 
product commercialization fields, but also on their desire to 
work with students and continually network even after their 
lecture session and student meetings had concluded.

The original goals of the courses were to offer practi-
cal, real-world instruction to students interested in sup-
porting the translation of medical technologies. Learning 

Fig. 1   A The two semesters of BME431 and BME432 alternate top-
ics and assignments between the FDA regulatory concepts and fun-
damentals of intellectual property. B Highlights the sequential phases 

that the projects for the CMTI MS student teams will undergo as they 
move through their 12-month program
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outcomes include developing abilities to describe the 
impact of IP and regulatory milestones on commercializa-
tion of new technology, ability to conduct patent searches, 
to describe patentability, device classification and appro-
priate use of terminology. Students were also expected to 
be able to outline steps for marketing applications, clinical 
trials and specifically to develop a pre-Submission appli-
cation package for review by the FDA. While some of 
these learning outcomes have been successfully evaluated 
in final examinations and projects over the years, we were 
also interested in the transfer of these skills and knowledge 
to the workplace. Thus, for the purposes of this 10 year 
“look-back” review, we asked the students for feedback 
about several aspects of the course as part of our survey, 
including how they might be applying that learning to their 
current roles. Based on the survey results, we have chosen 
to highlight the following unique aspects of the courses.

Within the topic of intellectual property, students were 
introduced to prior art searching techniques and patent-
ability evaluation. A critical concept is that obtaining a 
patent can be a costly and time-consuming endeavor and 
may not always be the best path forward, so we review in 
depth the elements that would contribute to the decision 
of whether to file. To educate students on this process, 
students perform a prior art search focused on the struc-
tural elements of the invention of their choosing using 
various commercially available on-line databases. They 
are then asked to review the found prior art and determine 
whether their invention is patentable or not. In this way, 
they develop an understanding of the steps to incorpo-
rate novel and /or non-obvious elements, if their research 
showed their invention to be not patentable and what novel 
“design arounds” are possible to include in their invention 
to make it patentable. Finally, each student composes an 
Executive Summary that is modeled after industry style 
reporting methods, which briefly disseminates the ele-
ments and functionality of their invention, their prior art 
search methodology and results and their patentability 
conclusion. The student then orally presents their findings 
to the class and fields queries related to their invention 
design and Executive Summary conclusions. In addition to 
this project, students were introduced to other “real world” 
IP concepts that engineers are now tasked with in industry. 
These topics included learning the key aspects and tim-
ing for drafting industry-specific new invention disclosure 
forms, understanding the different elements of a patent 
application and the critical contributions of the designing 
engineer, the process of performing third party infringe-
ment analysis of medical devices, performing IP due dili-
gence evaluations, reviewing key provisions of various 
industry styled contracts, including product development 
agreements, royalty agreements, and license agreements. 
In addition, the students were introduced to the technology 

transfer field and the challenges of early and later stage 
financing in the medical device space.

Our content related to regulations currently focuses on 
the US FDA, emphasizing medical devices. We cover clas-
sification of devices, risk assessments, market clearance 
and approval options, quality systems, recalls, reporting, 
investigational device exemptions, clinical trials, and more. 
Given the limited timeframe of a 12-month MS program, 
nascent student designs would not be truly ready to bring to 
market within the timeframe available. To structure an indi-
vidualized, “just-in-time” approach to the FDA regulation 
of the student’s projects, we incorporated an experiential 
learning opportunity in the form of a mock Pre-Submission 
(Pre-Sub) to the FDA’s Center for Devices and Radiological 
Health (CDRH) [3]. This project was structured under the 
FDA/CDRH Q-Submission program in partnership with a 
CMTI alumna, where each student team would follow the 
FDA/CDRH Q-Submission guidance document [3] to cre-
ate a Pre-Sub for review. Under the Q-Submission Program, 
a Pre-Sub is a written request from a sponsor for feedback 
from FDA that is provided in the form of a formal written 
response or, if the sponsor chooses, formal written feedback 
followed by a meeting. A Pre-Sub provides an opportunity 
for interaction between FDA and the sponsor to guide the 
sponsor’s next step in the device development process. A 
Pre-Sub with CDRH is voluntary and free of charge. For the 
mock Pre-Submission Project, students worked in teams of 
three to four to prepare and submit their Pre-Sub document 
for a mock review by either FDA volunteers or external vol-
unteers in the broader medical device community. Each year, 
a series of FDA reviewers and external regulatory experts 
are selected based on their expertise in the area of interest 
and their availability to take on pro-bono work. The vol-
unteer reviewers conduct their review and provide written 
feedback accordingly. Following receipt of the written feed-
back, consistent with the Q-Submission guidance, students 
prepare a presentation for a student-led mock review meeting 
with their volunteer reviewers and a volunteer regulatory 
project manager guiding the meeting. At the conclusion of 
the mock Pre-Submission Project, the students have a greater 
understanding of how a real Pre-Sub interaction with the 
FDA/CDRH would occur. All FDA feedback was clearly 
labeled as “mock” with caveats including that the feedback 
does not constitute formal FDA feedback, it was prepared as 
part of an educational exercise, the responses were assem-
bled by volunteers and must not be used to guide regulatory 
decision-making, and finally, that the information must not 
be shared with any third parties (e.g., industry partners).

We planned for, and experienced, interest in the course 
from students well beyond the CMTI program including 
doctoral students from the University of Rochester Medi-
cal Center, the Translational Biomedical Sciences Program 
and the Hajim School of Engineering and Applied Sciences, 
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along with a number of undergraduates. For a small subset 
of students in the course whose interests focused on tech-
nologies that were unlikely to be under the purview of FDA/
CDRH (e.g., projects that included drugs or biologics), we 
used a corollary to the Pre-Submission Program, a mock pre-
Investigational New Drug (pIND) Project; thereby, allowing 
those students to ask regulatory experts questions about their 
preclinical or clinical needs.

As the course matured, we desired to bring in Regula-
tory Science elements that would serve in addition to the 
Regulatory Affairs foundation of the course [4]. A fitting 
conclusion to the discussion of these concepts was to have 
the students take part in the America’s Got Regulatory Sci-
ence Talent Student Competition (AGRST) [5]. Created in 
partnership with the University of Maryland and working 
closely with the FDA’s Office of Regulatory Science Innova-
tion (ORSI) [6], this AGRST student competition provides 
any student matriculated at the University of Rochester the 
opportunity to present their creative solution to challenge 
highlighted in the Regulatory Science focus areas as outlined 
by the FDA [7, 8]. The FDA first released their Regulatory 
Science Priority Areas in 2011, with subsequent updates in 
2012, 2021, and 2022. Each year, teams of up to four stu-
dents review what the FDA has updated and prioritized as 
their most pressing needs and then create a unique solution 
to present to judges in a 5-min competition setting.

Methods

To conduct the review of our courses, we used three 
approaches—a career path review through professional 
social networking tools, an online survey to all course par-
ticipants over the last 10 years, and an informal emailed 
survey to professionals engaged as reviewers for the mock 
Pre-Submission Project. First, using the course rosters from 
each offering of the course, we identified 202 total students 
and noted what type of educational program they were in at 
the time of taking the course, i.e., undergraduate or gradu-
ate degrees and type of discipline. We then searched for 
each student on the professional networking site LinkedIn. 
This enabled us to find contact information and also cur-
rent employment titles for the majority of the students who 
participated. For those students not identified on LinkedIn, 
we used departmental records for alumni to identify similar 
information. For participants from the first 5 years of the 
courses, we also identified the number of promotions over 
the time since graduation.

To obtain perspective from course participants, we 
designed an anonymous online survey to be delivered on 
the Qualtrics platform (Qualtrics, Provo UT). The survey 
and our planned protocol were submitted to our Institutional 
Review Board and was received a Not Human Research 

determination. After initial invitation in July 2023, non-
respondents were given two additional reminders before the 
survey closed. The survey results were exported to Microsoft 
Excel (Microsoft, Redmond WA) for analysis of quantitative 
responses with descriptive statistics. Open ended responses 
were reviewed to identify general themes and opportunities 
for improvement. Survey questions focused on the impact of 
the course content and experiences on interviews, learning 
curves, sense of preparation as well as frequency of applica-
tion of the material. The survey also allowed us to assess the 
transfer of learning and skills to the workplace [9]. In addi-
tion to general questions about the course, specific questions 
targeted special projects such as the mock Pre-Submission 
Project, AGRST competition, and patentability reviews. The 
survey was estimated to take less than 10 min, and included 
branching logic to tailor questions relevant to the year that 
each participant completed the course.

We also reached out by email to 45 professionals who 
had served as reviewers for the mock Pre-Submission Pro-
ject. This included individuals from the FDA, external con-
sulting firms, and medical device companies. Our inquiries 
included approximately five questions that were primarily 
open-ended. These responses were reviewed for qualitative 
findings related to reasons for participation, satisfaction with 
students’ effort, and time commitments required.

Results

Our career-related demographic review of the course partici-
pants identified 202 students who were formally registered 
for one or both of the courses in our sequence. The majority 
of the students (140 or 69%) were enrolled, or intending to 
enroll, in our CMTI program and thus, the course sequence 
was a mandatory part of their curriculum. In addition, there 
were two undergraduate students, 35 PhD students, and 19 
students from other MS programs. Our course enrollment 
started at 11 students during our first year, growing, with 
some fluctuation to 24 students in year ten, and an average 
class size of twenty students. Detailed information about the 
distribution of course participants is shown in Fig. 2.

After excluding any students still enrolled in programs 
over which the authors could have future supervisory roles, 
we identified contact information for 184 students, with 
approximately 90% found on LinkedIn, and the remainder 
identified through departmental contacts across the univer-
sity. The survey had a response rate of 53%, three of whom 
actively chose not to participate after opening the survey, 
and a completion rate of 95%, leaving us with 87 responses 
with representative respondents from each of the 10 years 
of the courses offering. The response rate from students in 
the CMTI program was slightly higher, but there were still 
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several representative responses from all other types of stu-
dents (MS, PhD, undergraduate) from various disciplines.

Our initial review of career paths identified a wide 
range of job types, with the majority in design engineer-
ing, research and development, and quality engineering, as 
shown in Fig. 3. This distribution was confirmed by ques-
tions in our online survey, which also indicated that many 
participants had diverse job responsibilities. While activities 
related to regulatory and intellectual property may be inher-
ent to many of the career paths identified, only 9% had iden-
tified roles directly related to these specialty areas, with an 

additional 21% in quality engineering, which is often related 
to support for regulatory pathways. Review of course partici-
pants’ career paths also indicated successful trajectories with 
several notable promotions over the time since completion 
of the course. Numerous participants listed titles such as 
principal engineer, senior scientist or manager. An averge of 
2.6 promotions were identified for those who participated in 
the first 5 years of the course.

Survey results indicate that our courses were well-
received, with all but three respondents indicating that they 
would recommend the course to others. Respondents indi-
cated that the courses had a positive influence on experi-
ences in job interviews (32% very positive, 43% slightly pos-
itive) and their learning curves at initial positions (28% very 
positive, 32% slightly positive). In addition, when asked how 
prepared they felt with respect to course topics compared to 
other engineers, scientists or clinicians starting at the same 
time, our respondents stated that they felt much better pre-
pared (45%) or slightly more prepared (41%). This positive 
effect is notable given that frequency of use of course con-
tent was highly varied among respondents, with 36% stating 
that they used the content at least once per week, but 14% 
using it only once per year and another 25% giving no esti-
mate. In their open remarks, respondents mentioned that the 
course gave them more concrete examples to describe their 
knowledge of regulatory or IP topics. In some cases, the 
terminology was most useful, and for others the ability to 
apply concepts to a project experience was noted as helpful. 
Numerous responses gave specific examples of ways that the 
skills and knowledge gained in the courses were applied to 
work activities or responsibilities.

To assess the course elements with the greatest impact, 
we asked participants to review several key course activi-
ties with respect to their contributions toward understanding 
the commercial pathways or knowledge of career options 
(Fig. 4). The mock Pre-Submission Project, which was 

Fig. 2   Detailed information about participants in the BME431 and 
BME432 course series. BME Biomedical Engineering, UG under-
graduate students, TBS Translational Biomedical Science Program 
within the CTSI, Pharm Phys Pharmacology and Physiology. Stu-
dents in the “Other” category included departments such as Microbi-
ology, Immunology, Toxicology, Neuroscience, and Biophysics
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started in 2018, was one of the most impactful aspects of 
the course. Nearly 60% of respondents strongly agreed that 
it contributed to their understanding of commercialization 
pathways or knowledge of career opportunities. For those 
who participated, nearly all agreed that it clarified their 
understanding of the FDA processes. This understanding 
was gained whether or not the review had an impact on 
their ongoing projects, and 75% agreed that their experi-
ence with the project was beneficial in their job interviewing 
process. For those who have been involved in FDA sub-
mission activities in their current roles, nearly 50% found 
the experience very valuable in helping them to prepare or 
anticipate challenges.

Course content related to intellectual property was also 
well-received by those who responded to our survey, with 
32% describing it as having considerable benefit in their 
careers and 41% having slight benefit. When asked about 
what aspects of the content was valuable in careers or 
design/research projects, most respondents listed several 
topics, with the most frequently selected topic to be “learn-
ing how to perform searches” (selected by 82%). This was 
followed by patentability opinions (60%), freedom to oper-
ate opinions (51%), licensing due diligence (37%), opinions 
(30%), and drafting patent claims (28%).

Our courses are designed not only to introduce content 
related to regulatory and intellectual property topics, but 
also to introduce career paths and occupational activities. 
Only 20% strongly agreed that they had taken the courses 
because they knew that they were interested in careers 
involving regulatory or intellectual property activities. In 
contrast, 31% strongly agreed and 46% somewhat agreed 
that the course had helped them consider several options for 
careers related to medical product innovation. Ultimately, 
75% of respondents agreed strongly (36%) or somewhat 
(39%) that the course content was relevant to the career path 
that they had chosen.

Our courses use a novel approach of combining top-
ics related to FDA and IP into a pair of courses in order 
to provide a closer “just-in-time” match between classroom 
experiences and ongoing design or research projects, while 
also demonstrating how companies must consider potential 
implications arising from these two topic areas when pur-
suing commercialization of a medical product. Respond-
ents generally agreed (33% strongly and 42% somewhat) 
that the course content was presented at approximately the 
right time to be useful. When asked if they would prefer if 
the content were split into two separate courses, most were 
neutral—35% neither agree nor disagree. However, 12% 
strongly agreed that such a split would have been preferred, 
with no apparent distinction by the type of degree program 
being pursued. The overwhelming majority of students 
agreed that having assignments that were directly applicable 
to their research or design projects was helpful in developing 

and retaining understanding of course topics. Of note, the 
only respondents who strongly disagreed with this were stu-
dents in PhD programs outside of Biomedical Engineering.

We received feedback from thirteen professionals who 
served as reviewers for the mock Pre-Submission Project, 
for a response rate of approximately 25%. All respondents 
found the effort rewarding and a reasonable time commit-
ment. Estimated time commitments varied based on expe-
rience and effort needed, with most ranging from 1 to 2 
h, though one reviewer described spending approximately 
20 h. Many enjoyed working with students and recognized 
the importance of educating the next generation of review-
ers and innovators. Several reviewers mentioned the goal 
of education as part of the mission of the FDA and found 
this “real-world” experience a powerful tool to disseminate 
information and possibly recruit new reviewers.

Discussion

Providing course content on the FDA regulation of medical 
devices and intellectual property for biomedical engineer-
ing students can be quite a challenge, especially in a manner 
that is both engaging and easily retained for future industry 
application. While seminars and lectures can provide the ter-
minology and basic concepts, a better understanding can be 
developed when students are required to directly apply mate-
rial to design and/or research projects. Based on feedback 
from former students and professional reviewers, our novel 
course sequence has provided an approach for training that is 
highly valued and offers a realistic and relevant exposure to 
commercialization pathways for medical product innovation.

The review of our course was based on a review of par-
ticipants, an online survey for course participants and an 
email survey to external professionals. The response rate for 
our survey was approximately 50%, with an excellent distri-
bution across the 10 years of former students. This response 
rate is slightly above the average found for education related 
surveys [10, 11], and perhaps impressive given its timing in 
mid-summer and the lack of incentives for participation. It is 
possible that there may have been a selection bias leading to 
slightly higher favorability findings, since satisfied students 
were more likely to respond. However, the feedback pro-
vided was candid and included many recommendations for 
improvements. Our qualitative survey approach and the lack 
of a control group limited our ability to assess knowledge 
gained from the courses. Because the course was designed 
specifically to support a new MS program, it would not have 
been feasible to exclude some students from participating, 
and no historical data were available for reference. Feedback 
from external reviewers, survey respondents who are now in 
hiring positions, and our review of career progression sup-
port our findings. While their career trajectory has not been 
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compared to a control group, the course participants appear 
to have found professional success in their chosen areas.

Our courses were primarily designed for MS students in 
a medical device design program, for whom it was required. 
However, our review of participants highlights the number 
of students who chose to take the courses as electives. Gen-
erally, these students were considering careers in industry 
and recognized the importance of understanding medical 
device regulatory paradigms and IP related topics for their 
future paths. The undergraduates taking the course were typ-
ically advanced students and performed well in comparison 
to the graduate students. Our senior design program covers 
introductory material in both regulatory and IP topics. How-
ever, the courses being reviewed go into much greater depth, 
in part by requiring more detailed assignments and activities 
such as the mock pre-submission project. This format would 
be difficult to manage for the 60–70 students typically in our 
undergraduate class. We did have numerous students from 
translational biomedical sciences or pharmacology areas, 
whose interests were often more related to pharmaceuticals 
than devices. Some of these students expressed frustration 
with the courses’ emphasis on FDA regulation of medical 
devices and IP analysis and modes of protection for medical 
devices, rather than drugs or other biotechnology. This high-
lights possible opportunities for a parallel course or further 
modifications of assignments to better meet their needs and 
interests. One recent graduate mentioned that knowledge 
of regulatory affairs was “exceedingly rare for bench scien-
tists” and thus they stood out in interviews. While some non-
CMTI students had more difficulty finding relevant projects 
on which to base their assignments, it is clear that there is 
demand for this sort of elective course from a wide range of 
students at our institution.

It has been suggested [12, 13] that experiential learning 
increases motivation and offers the best opportunities for 
students to develop understanding and retain concepts. The 
retrospective survey approach taken did not offer proof that 
our approach improved learning when compared to semi-
nars, lectures or case studies. However, our survey results 
highlighted the value placed on assignments directly applied 
to ongoing projects and those involving interactions with 
external professionals from the FDA and other industry part-
ners. In particular, the mock Pre-Submission Project stood 
out has highly impactful, both for developing understanding 
of regulatory concepts, and in interviews and learning curves 
at new positions. Several comments clearly demonstrated the 
transfer of skills and knowledge to current roles. In open-
ended responses, student participants offered the following 
comments:

The pre-sub project was a very accurate representation 
of participating in an actual pre-submission process 
with the FDA. It was helpful with drafting questions 

for feedback and understanding the different needs of 
the various types of submissions and clearances.
The pre-submission helped to understand exactly what 
information the FDA would want for submission, and 
furthermore cemented our knowledge of being able 
to find the guidance necessary for any future medical 
device submission. I don't work within Regulatory; 
however, having this knowledge of finding the right 
guidance has helped me in discussions with regulatory 
specialists.
Helped understanding of technical writing so my com-
munication with regulatory affairs is wonderful.
In my first year on the job, I wrote and successfully 
submitted a 510k using the knowledge I learned in this 
class
The course focused on medical devices and my current 
position is related to biologics. However, coming into 
the role with a non-zero understanding of the general 
requirements the FDA expects was beneficial.
It was great to have an actual experience to speak to 
in interviews instead of just saying I learned about 
regulations

Although we did not specifically ask about oral and writ-
ten communication skills, we were pleased to see this topic 
come up within several open-ended comments. There were 
several activities conducted during the class that required 
practice developing students’ communications skills. In the 
fall semester the midterm assessment included an oral pres-
entation, and the spring semester included a presentation 
related to regulatory science. In addition to other weekly 
homework assignments, the pre-Submission application 
document allowed them to hone their written skills, while 
closely following the guidance set forth by the FDA. A sub-
sequent call with their FDA or third-party reviewers required 
a brief presentation followed by design and regulatory dis-
cussion regarding their pre-Sub questions and the feedback 
from the FDA.

While coordinating the timing of that assignment has 
always been challenging within an academic framework, 
the process was deemed realistic and our external reviewers 
also recognized how valuable it was for students. The FDA 
reviewers found it rewarding and an opportunity to train new 
innovators, while also offering an opportunity for recruiting. 
As our program has grown, and especially with the impact 
of the pandemic, we began to identify outside reviewers to 
supplement those at the FDA, finding them to be a suit-
able addition to allow for sustainability of the approach. 
Interactions directly with the FDA were still preferred by 
students, but external reviewers provide an interesting alter-
nate perspective on regulatory approval processes. These 
external reviewers were often regulatory consultants, or 
others with experience in regulatory affairs familiar with 
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the pre-submission process. They also found working with 
students to be rewarding and a manageable time commit-
ment for this voluntary contribution to our program, which 
is crucial for the sustainability of this approach. They offered 
the following comments related to their participation:

I’m happy to be involved in these types of activities 
and consider education part of our official responsibili-
ties. Education is something we do with “real” spon-
sors, not simply in the context of mock submissions.
I feel passionately about providing students with real-
life learning experiences that are useful and relevant. 
I believe it is incredibly beneficial for students to have 
interacted with FDA and understand what we do, what 
we review, what kind of feedback we provide, and how 
we can interact with the medical device industry. I also 
believe that including regulatory real-life learning 
experiences as part of an engineering curriculum is 
something that is missing from many BME curricula 
(both at the undergraduate and graduate level) and 
should be included in more programs.
The University of Rochester Mock Pre-submission 
Program not only gives students something they can 
add to their resumes but is a great recruiting opportu-
nity for FDA. The more exposure FDA and the Office 
of Product Evaluation and Quality (OPEQ) has with 
high-quality engineering students who are interested 
in product development and regulatory affairs/science, 
the better future job candidates we can get.
It is enjoyable working with people who are interested 
in the topic and really invested in what they’re doing. 
They come up with some neat projects!
This is an awesome program and requires students to 
better understand the medical device space and not 
just the design elements. This is a great add to the 
course work.
I enjoy giving back and helping others learn. Even 
if they don’t want to become a regulator and they go 
into industry, having the information somewhere in 
the back of their mind may help both them and us 
somewhere. I think it’s also good to let people know 
that there are good people working at FDA, that we’re 
not robots, we’re not just out to get people, and truly 
care about our work. It also makes them aware of a 
career path that they may not know existed (I didn’t, 
but maybe it comes through more in BME type work).

In addition to training students in medical device design, 
another goal of our program is to introduce students to 
the wide range of opportunities available in the medical 
innovation landscape. Our review of the career paths of 
students taking these courses reinforces the many types of 
positions taken. While many are in design engineering or 
research and development, a large number pursue positions 

in quality engineering, clinical support or medical profes-
sions. Interestingly, while a relatively small number enter 
careers directly related to regulatory affairs or intellec-
tual property, the course content was still appreciated as a 
valuable education experience. In addition, students wel-
comed the fact that the course introduced them to career 
paths they hadn’t previously considered. The instructors 
for our courses have professional expertise in the areas 
of regulatory affairs and intellectual property, thus offer-
ing direct exposure for students to these careers. If such 
expertise were not available, some of the course content 
may be delivered by a traditional faculty member. How-
ever, engaging such professionals for direct student discus-
sions, case studies or feedback on assignments might still 
enhance student understanding of course topics and career 
opportunities. Remote learning approaches may make this 
feasible.

As noted above, our content related to regulations cur-
rently focuses on the US FDA. While this existing scope 
lends itself to a full schedule and there may not be room 
for additions, we were interested to read feedback suggest-
ing that we add content on audits, and regulations outside 
of the US.

Our survey suggested that the material related to intel-
lectual property was of slightly less benefit to the respond-
ents. By reviewing the types of careers chosen by our 
course participants, detailed knowledge of licensing agree-
ments, drafting of patent claims and other opinions may be 
less frequently within their scope of direct responsibility. 
In addition, when comparing the types of assignments for 
the two parts of the course, we note that the FDA regu-
latory component has activities that involve more direct 
applications of content to ongoing projects or research. 
Therefore, it may be of benefit to create more experien-
tial active-learning projects to the IP component of the 
courses, or to consider engaging more external partners to 
enhance understanding of the impact and potential career 
opportunities in intellectual property.

In summary, our 10-year review of our courses suggests 
that many of our goals have been met in providing our 
students exposure to topics related to FDA regulations and 
intellectual property. We have gone beyond lectures and 
quizzes to create meaningful assignments in a sustainable 
model that brings value to a variety of students.
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