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Catalyzing Clinically Driven
Undergraduate Design Projects at
the Nexus of Engineering,
Medicine, and Business

Design projects, particularly those related to assistive technology, offer unparalleled
educational opportunities for undergraduate students to synthesize engineering knowledge
with a clinically driven need to produce a product that can improve quality of life. Such
projects are most effective when engineering, clinical, and business perspectives are
considered throughout. However, the logistics of successfully implementing such
interdisciplinary projects can be challenging. This paper presents an auto-ethnography of
12 undergraduate design team projects in assistive technology performed by 87 students
from five majors (including engineering, business, and clinical students) over the course of
Syears. The overarching goal of our work was to establish an undergraduate integrated
design experience at a university in the absence of a dedicated biomedical engineering
major. The focus of this experience was to foster the creation of student-led prototypes to
address real-world problems for people with disabilities while keeping commercialization
potential at the forefront throughout. Student participation demonstrated a clear enthusiasm
for completing biomedical engineering-themed projects. To encourage the implementation
of similar approaches at universities where a biomedical engineering major does not exist,
we identify common obstacles that can arise and present strategies for mitigating these
challenges, as well as effective approaches for catalyzing cross-disciplinary collaborations.
High impact practices include close involvement of end-users in the design process; cross-
disciplinary team composition (e.g., engineering, business, and health sciences students);
and choosing cross-disciplinary leads for project management. Teams experienced a high
degree of success with all 12 teams producing functional prototypes. We conclude that at
universities that do not offer a biomedical engineering major, health-focused integrated
design experiences offer students important interdisciplinary perspectives, including a
holistic approach to project implementation. Furthermore, for many students, these projects
ultimately served as a gateway to subsequent careers and graduate study in biomedical
engineering. [DOI: 10.1115/1.4064717]

Introduction

Design projects offer unparalleled opportunity for students to

Manuscript received August 22, 2023; final manuscript received January 31, 2024; synthemze their classroom knOWledge and wrestle with the

published online March 7, 2024. Assoc. Editor: Victor Lai.

Journal of Biomechanical Engineering

unpredictable nature of real-world problems that often involve

Copyright © 2024 by ASME MAY 2024, Vol. 146 / 054701-1



competing optimization criteria. Simultaneously, these projects
serve as a meaningful introduction to the research process [1].
Product designs conceptualized during these undergraduate design
experiences may have market potential, but many languish
following the end of the academic term investment.

Prior literature has described tools and techniques for identifying
clinically relevant projects that need engineering solutions [2],
global student collaborations [3], the importance of design projects
asavehicle tomeet ABET goals [4], and best practices in structuring
a design course [5]. Although engineers readily identify how
products can be improved, within the context of assistive
technology, it is the end-users and their caregivers who can best
identify barriers to participation in activities of daily life. Thus,
involving end-users and caregivers in the design process is critical to
new assistive-device design [6]. For assistive technology concepts
to become market-ready solutions, the incorporation of engineering,
clinical, and business perspectives is essential. Prior literature has
described the importance of including an entrepreneurial perspec-
tive in biomedical engineering design projects [7], but did not
explicitly emphasize the inclusion of clinical perspective in
undergraduate-level projects. This paper seeks to fill that gap with
a practical description of work done at a relatively small institution.

It has been established that disciplinary cross-training is essential
for advancements in translational medicine [8] and to prepare
students for industry careers [9]. One way to approach this cross-
training is through interdisciplinary design teams such as those
discussed here. However, there are substantial challenges endemic
to such multidisciplinary collaborations [10,11], particularly at the
undergraduate level. For example, at Clarkson University although
the graduate health sciences programs encourage (and in some cases
require) participation in research, those programs run on a quarter
system that is not well-aligned with the undergraduate semester. A
further complication is that capstone courses for students in
nonengineering programs (such as business and/or health sciences)
have substantially different learning outcomes and deliverables from
those in engineering design courses. This same problem can also arise
when organizing design teams from different engineering disciplines.

There are some well-established curricula for teaching inter-
disciplinary biomedical design (e.g., Stanford Biodesign [12,13]) in
larger institutions [14]. Conversely, many universities provide
curricula in traditional engineering topics but lack a biomedical
engineering major and, hence, are not equipped to implement a
large-scale interdisciplinary biomedical design experience. In
response, this paper presents outcomes from a de novo multi-
disciplinary biomedical engineering design experience that was
created at Clarkson University, a midsized, R2 institution that offers
an undergraduate minor (but not major) in biomedical engineering.
The overarching goal was to establish a biomedical-engineering-
focused interdisciplinary undergraduate design experience that
fostered the creation of student-led prototypes with commercializa-
tion potential to address real-world problems for people with
disabilities. The emphasis was placed on mobility and communi-
cation, the research strengths of the advising professors.

This effort involved the completion of 12 undergraduate design
team projects in biomedical engineering over 5 years. We present
strategies for overcoming common obstacles as well as effective
approaches for catalyzing cross-disciplinary collaborations in newly
established biomedical engineering undergraduate design experi-
ences. We note that this paper is intended to be an auto-
ethnographical sharing of our observations and best practices that
have emerged, and we discuss them within the context of existing
scholarship. We anticipated (but did not formally hypothesize prior
to embarking on this work) that the population of students who self-
selected and opted in to these projects might not be a uniform subset
of all eligible students.

Methods

Our approach, supported by NSF (#1510367, Walking and
Talking: Improved Quality of Life Through Enhanced Mobility and
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Communication; original PI Kuxhaus and final PI Erath, with Co-PI
Fite throughout), was to create interdisciplinary design teams to
tackle clinically motivated meaningful design projects to improve
quality of life for persons with disabilities. Our goal was for each
design team to be comprised of a mixture of self-selected
undergraduate students in the Mechanical Engineering (ME)
program, at least one business student (including those in the
Engineering and Management (E&M) program), and at least one
student from the Health Sciences program. Note that Clarkson
University offers an undergraduate minor in biomedical engineering
but no major. At the time these projects were conducted, students
enrolled in the biomedical engineering minor could use these
projects to fulfill a biomedical design requirement for the minor.
Teams typically involved 4-6 ME students, 1-2 E&M students, and
a graduate student from one of Clarkson’s graduate Occupational
Therapy (OT), Physical Therapy (PT), or Physician’s Assistant
Studies (PA) programs. The ME and E&M students participated via
capstone design courses, which constitute the culminating design
requirements for each program. The clinical graduate students used
the design activities to meet clinical project requirements of their
respective programs.

In addition to the undergraduate and graduate students, each team
also included a primary faculty advisor, a clinical consultant often
but not always affiliated with one of the graduate clinical programs, a
patient end-user of the assistive technology to be designed, and a
technology-transfer/commercialization specialist. The faculty advi-
sor was responsible for overall project oversight and team manage-
ment and met with the team at least weekly, provided feedback on
project progress, and provided the midterm and final assessments
(both group and individual) for purposes of course grading. The
clinical advisor served as a consultant to the team with respect to the
clinical aspects of the design project. Together with the end-users,
the clinical advisor worked with the team from conceptual design all
the way through final prototype development and testing to help
ensure that the assistive technology being developed addresses a
clinically relevant problem and was a solution beneficial to and
desired by the patient end-user. Because this was a de novo
integrated design experience for which established clinical
collaborations were limited by the faculty advisor’s existing
collaborations/network, flexibility was intentionally allowed for
the identification of a design problem and the associated end-user/
population. Three types of end-users were ultimately utilized: (1) a
general population group, (2) a specific individual, or (3) a clinical
provider that would benefit in the treatment of patients. Rounding
out the advisory team was a commercialization and technology-
transfer specialist from Clarkson’s Shipley Center for Innovation.
This individual provided education as appropriate for protection of
intellectual property and development of a commercialization plan
to bring the resulting technology to market. Depending upon the
nature and scope of the resulting prototype, the plan for bringing the
product to market involved small business creation and/or licensing
of the technology to existing commercial enterprises.

While the main design effort occurred over the course of the
spring semester of each academic year, the composition of each
team was determined midway through the previous fall semester.
Teams were organized following standard practices in Clarkson’s
ME senior design course. Students expressed preferences for
projects based on faculty classroom presentations about the clinical
problem (but not a specific proposed solution, which was ultimately
determined by the design groups after performing a needs assess-
ment). Final composition was determined by instructors to balance
student preferences across all teams. Note that students enrolled in
Clarkson’s biomedical engineering minor were required to complete
a health-focused design project and could opt in to one of these
projects to fulfill that requirement. To catalyze inter- and intrateam
dynamics, teams engaged in a short (1-2 week) design competition
with an assistive technology (AT) focus. Each team was given a
modest budget and tasked with the design and initial prototyping of
an AT product. Demonstrations of each team’s solution were held in
conjunction with a reception hosted by one of the faculty mentors,
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providing an informal setting in which to showcase design solutions
while concomitantly seeding the development of the interpersonal
relationships important to overall team performance.

Figure 1 depicts a diagram of the idealized workflow for each
design project. At the start of the spring semester, each design team
met with their faculty advisor, clinical consultant, and patient end-
user. Over the course of these initial meetings, a clinical need was
identified along with a list of design requirements. Based on the type
of end-user (general population, specific individual, or clinical
provider) the needs assessment was tailored accordingly and
performed via a (1) survey of the population group, (2) individual
interview, (3) survey of clinical providers, or some combination of
the three (see Supplemental Materials on the ASME Digital
Collection). Following the needs assessment, teams developed
conceptual designs to address the design requirements of the AT
product. The multidisciplinary composition of the team helped to
ensure that the design solutions consider the engineering, clinical,
and economic components critical to development of a functional
product with commercialization potential. Based on the conceptual
design work, each team fabricated one or more proof-of-concept
prototypes for preliminary experimental testing. These prototypes
were often comprised of subassemblies to enable engineering
evaluations of specific product functions and, as appropriate,
subjective evaluations by the clinical consultant and patient end-
user. Each team employed an iterative design process resulting in
multiple design revisions that incorporate the knowledge gained
from benchtop testing and end-user feedback. Preliminary design
activities spanned the first half of the semester leaving the remainder
of the term to focus on detailed engineering design of the final
solution, fabrication of the final design prototype, and experimental
evaluations of its functional performance.

In parallel with the engineering design activities, design teams
also develop a commercialization plan to transition the product to
market. Teams conducted preliminary United States (US) patent
searches to identify existing patents relevant to the AT product to be
developed. Replete with knowledge on the intellectual property
landscape, the teams then worked with the commercialization and
technology transfer specialist to develop a benchtop-to-market
transition plan. The commercialization plan used costs associated
with prototype development and estimates of overall market
demand as the foundation upon which to devise an economic and
business plan for bringing the product to market. If applicable,
provisional patent applications were submitted to protect relevant
intellectual property rights and enable sharing of the work with the
academic and clinical communities; students and faculty worked
with the commercialization specialist from the Shipley Center of
Innovation to discuss invention disclosures and inventors on any
provisional patents filed. The final deliverables for the effort were a
fully functional final prototype, detailed engineering drawings of
each component, results of numerical and experimental analysis,
and a detailed commercialization plan. At least one trainee
continued the research and development (including refinement) of
promising projects; this often included an intensive summer period,
with some continuing into the next academic year.
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Idealized workflow (E = engineering; B = business; CL = clinical)

We assessed success of these projects by whether each team had
an end-user identified project, at least one student from each
category (ME, E&M, and clinical), and quality of the final
deliverables including prototypes and other scholarly output. We
also assessed both immediate and ultimate graduate school entry for
the undergraduate participants. Finally, we identified frequent
challenges among teams and share our best practices in mitigation
strategies below.

Results

Student Participant Demographics. From 2015 to 2020 (five
academic years), a total of 12 integrated design projects were
advised. Table 1 provides data on the students that participated in
these projects. A table (see Supplemental Materials) includes
complete participation data by project. In total, there were 87
students across 5 majors, with 60 ME majors. During this same time
frame, a total of 677 ME students completed 141 integrated design
projects (including the current biomedical engineering students/
projects). The percentage of ME students participating in the
biomedical engineering-themed projects (8.9%) is non-negligible
and demonstrates student interest likely exists for programs of this
nature at comparable universities where a biomedical engineering
major is not offered.

Of the 12 projects, 7 were fully successful, with each of the
failures occurring due to lack of involvement by a health sciences
student. As will be discussed, this arose due to difficulty in recruiting
and providing sufficient incentive/buy-in for the health professions
students.

Participation among female students was especially high (48%, or
55.2%), reaching at least 50% for each major. This was particularly
noteworthy for ME students (31%, or 51.7%) as only approximately
20% (per University Registrar) of the entire ME undergraduate
program is comprised of females. In addition, 8 students (9.2%) with
disclosed disabilities participated. This is consistent with the
percentage of students that disclose a disability to the Office of
Accommodate Services at Clarkson University (10%). It should be
noted, however, that the number of students that voluntarily

Table 1 Statistics of student participants in the integrated
design projects from 2015 to 2020. Majors are Mechanical
Engineering (ME), Engineering and Management (EM), Occupa-
tional Therapy (OT), Physical Therapy (PT), and Physician
Assistant (PA).

Major ME E&M oT PA PT Totals
No. of students 60 18 2 1 6 87
Female 31 11 2 1 3 48
Disclosed disability 4 3 1 0 0 8
Attended grad school 20 4 NA NA NA 24
upon graduation 14 4 NA NA NA 18
Ph.D. 4 1 NA NA NA 5
Health-related career 16 2 2 1 5 26
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disclosed a disability to the integrated design team is likely much
lower than those that would disclose a disability to the academic
office to receive educational accommodations. Therefore, we expect
that participation in assistive device design experiences by students
with disabilities will be at least the same as university averages and
has the potential to be a significant attractor.

Total graduate school pursuit was also much higher than
department averages, which was calculated based on a student
response rate of 83.7%. Note, graduate school attendance was not
considered for the health professions, as they were already enrolled
in a graduate health program during participation in the integrated
design projects. The total percent of responding students that
ultimately attended graduate school by major was 33.3% and 22.2%
for ME and E&M majors, respectively.

Because we posit that participation in integrated design
experiences such as these leads to increased awareness of, and
desire to attend, graduate school, we then differentiated between
students that immediately attended graduate school and those that
attended after working in industry. This may elucidate how
participation in a design project motivates students to attend
graduate school, as those that first worked in industry may have had
other contributing factors (e.g., to receive a promotion). Upon
completion of an undergraduate degree, 23.3% of ME students and
22.2% of E&M students immediately enrolled in graduate studies.
This is a twofold increase when compared with historical, ME
department-wide averages of approximately 10% and E&M
averages of approximately 9%.

Integrated Design Project Outcomes. While each project
produced a final design report and prototype, there were also
additional forms of scholarly output. This included two journal
articles [15,16], 12 conference publications [17-28], and 8 provi-
sional patent applications. In addition, each of the teams submitted
an abstract to the Undergraduate Design Competition in Rehabil-
itative and Assistive Devices at the Summer Biomechanics, Bio-
engineering, and Biotransport (SB3C) conference. Per competition
rules, only one team per university is allowed to compete. Therefore,
despite each team submitting to the competition, only five teams
(one each year) were selected as a finalist (top 6). Of those, one team
won first place, and two teams were awarded third place.

Challenges. This section outlines the primary challenges that
were observed when organizing and coordinating the work of the
interdisciplinary teams. Just as the primary mass of an iceberg is
concealed below the surface, the “success” of the interdisciplinary
design process relied on a number of underlying challenges that are
not always easily visible/identifiable. These potential obstacles are
illustrated in Fig. 2, where the positive outcomes that are “seen” rely
on addressing the often unseen challenges. The torpedoes identity
critical components which, if not addressed, have the potential to
scuttle the program. Topics with a clock denote important steps that
can be carried out asynchronously, thereby providing flexibility in
managing the progression of design groups. Each of the identified
challenges is discussed below.

Student Logistics and Perception of Workload. Numerous
logistical challenges can plague student design teams and can be a
real threat to their success (see torpedo icons in Fig. 2). A consistent
challenge arose from determining how the integrated design
experience would/could contribute to the graduation requirements
for each of the participating majors. As previously discussed, the
integrated design experience was organized as a two-semester
course. ME students are required to complete a two-semester design
course sequence for graduation, which made participation straight-
forward. E&M students are required to complete only a one semester
design experience. To remain engaged for the duration of our
projects, these students were given the option to enroll in “research
for credit,” which can be taken as a credit-bearing elective to satisty
graduation requirements. Some health science students (OT, PA) are
required to complete a research project as part of their curriculum.

054701-4 / Vol. 146, MAY 2024

However, the expected time commitment and project depth were far
lower than what the engineering students committed (8—10 h/week).
In addition, the program stipulated only one quarter of participation.
Unfortunately, given the structure of the degree requirements and
the cohort course model that runs on a different academic calendar,
there was no mechanism to provide Health Sciences students with
elective credit that would count toward their degree requirements.
Consequently, participation from Health Sciences students was
dependent upon finding individuals who were excited about the
project and willing to devote personal time.

Due to the complex nature of academic, cocurricular, and
extracurricular obligations, finding a regular recurring time for all
groups to meet on a regular basis posed a substantial challenge. This
was a particular challenge for Health Science students because the
cohort-scheduling model blocks out almost all regular instruction
hours (e.g., 8 a.m.—5 p.m.) each day of the week. It was found that the
best way to ensure regular meeting times for the ME and E&M
students was to schedule a course through the registrar prior to the
start of the projects, for all students to enroll in in lieu of their
“home” program’s capstone course. The challenge in doing this was
that approval from both majors had to be secured to ensure that the
new “course” satisfied curriculum requirements and could be
counted to satisfy graduation requirements. Additional complica-
tions arose due to the need to track course objectives, outcomes, and
student performance for ABET accreditation across multiple
majors. Despite these challenges, this new course then served to
both track and provide credit of design requirements for the different
majors, as well as to ensure at least 3h of shared meeting time
throughout the week. To facilitate and integrate participation from
Health Science students, however, expectations that group meetings
might often have to occur outside of “regular” hours were modeled
by project advisors by scheduling and leading group meetings in the
early evening at least once per week. CATME [29,30] is a useful tool
for mitigating some scheduling concerns; however, given the
constraints of forming groups (small number of students per year,
and preference for project interest), it was not practical to rely on
CATME for group formation. That said, CATME was used on an ad
hoc basis (at the project advisor’s preference) to assess team
functionality and contributions.

Due to the interdisciplinary nature of the design groups, student
preconceptions of the design process frequently led to “staying in
their (disciplinary) lane” near the start of the project. For example,
clinical students would volunteer to design and administer surveys
for assessing device needs, ME students would first volunteer to
work on the prototype, and E&M students would volunteer to
perform the economic analysis. To combat this linear thinking,
group members were strongly encouraged to choose a lead for each
component of the project whose major did not correspond with the
field. This disruptive approach received overwhelmingly positive
feedback from the student participants, expanded student education,
and fomented cross-disciplinary leadership skills.

Programmatic Support. Successful projects require support at the
department level, both in terms of financial support and institutional
“buy-in.” For these projects, the need for financial support was
mitigated by grant funding that supported prototype development
and student travel (up to $2k for prototyping, $5k for student travel,
and $5k of salary support for up to one student to continue the project
over the summer). Students hired over the summer consisted of both
undergraduates with one semester to 1 year of course work
remaining, as well as graduated students; the specific scenario
depended on the situation of the student that was recruited and was
not a hiring decision criterion. Financial support in terms of student
travel and summer salary support was found to be highly impactful.
Not surprisingly, conference attendance resulted in an almost
universal increase in student interest in academic research and
awareness of career opportunities in the biomedical field afforded by
graduate school pursuit. Due to the projects’ focus on developing a
working prototype, time during the academic year spent preparing
for dissemination was usually minimal. Each year, one student from
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a team was hired over the summer to continue the project. This
individual was integral in preparing results for dissemination. Both
peer-reviewed journal articles that were outcomes of this program
were led by undergraduate students hired over these summer terms.
For this reason, summer salary support for a student that had
participated in the prior academic year’s project seemed crucial for
increasing the exposure of project outcomes.

Because both ME and E&M majors already required participation
in a design project for graduation, departmental support for
recruiting and advising students was overwhelmingly favorable.
The Department Chairs of each Health Science Program were also
enthusiastically supportive of our efforts, despite scheduling
challenges. In spite of this, we found the greatest success in
recruiting students by first garnering departmental support and then
visiting the respective courses that required a research component,
introducing the projects, setting clear expectations, and highlighting
the benefits of participation. This usually garnered sufficient
response. However, as previously mentioned, 5/12 projects were
unable to attract consistent clinical student participation.

A significant benefit to the program was the commercialization
specialist afforded by the Shipley Center for Innovation, who
provided support and guidance on issues related to product
commercialization, including filing provisional patents. Each team

Journal of Biomechanical Engineering

met with the specialist at least once to learn how they could assist
with commercialization efforts. Because the design projects varied
by application, end-user, and market audience, the integrated design
teams were given flexibility in how they decided to subsequently
avail themselves of the resources provided by the Shipley Center for
Innovation in support of their project. At minimum, each team
completed an analysis to determine market feasibility for their
assistive device. Ultimately, six teams pursued, and were awarded,
eight provisional patents for their device designs (see Supplemental
Materials on the ASME Digital Collection).

Responsible Conduct of Research Education. Asidentified by the
clocks in Fig. 2, there are a number of obstacles that, while
necessary, can easily delay progress. However, these obstacles can
be managed preemptively. Early student identification (ideally at
least 1 month before the start of the project) was found to be crucial
for ensuring adequate progression of the project. Because each of
these projects involved human subjects, Responsible Conduct of
Research and Protection of Human Subjects training were
imperative. Additionally, the process of securing Institutional
Review Board (IRB) approval of any human subjects research,
when necessary, can consume a large portion of the students’ limited
time. In most cases, the human subjects research were limited to

MAY 2024, Vol. 146 / 054701-5
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surveys of end-users, which, as discussed further below, reduced the
effort needed for IRB approval.

Training components were assigned to be completed before the
start date of the project, as they could be completed individually
once group members were identified. This was a critical step as a
pressing issue was the timely submission, and approval, of the
necessary IRB documents. Jump-starting this training ensured
students were prepared to undertake this process at the onset of the
project.

Time Management as a Component of Biomedical Engineering
Design. Each project included end-user interaction throughout the
process, a needs assessment, and an economic plan for market
realization. Our interdisciplinary model, including engineering,
business, and clinical students throughout, ensured that diversity in
disciplinary perspectives was also a top priority.

The ability to perform end-user evaluations of the function of the
device designs was found to be prohibitive in almost all of the design
projects given the short project duration coupled with the need to
have a finalized prototype prior to submitting a protocol to the IRB.
These challenges, combined with the IRB meeting schedule (once/
month), the common need for multiple revisions of the documents,
and the request for investigative device exemptions, became
prohibitive. The few projects that did include experimental assess-
ments were part of ongoing efforts that had pre-existing IRB-
approved protocols. For the remainder, interaction and feedback
from end-users were made possible by collecting survey data from
end-users at the onset of each project. This approach was used to
perform a needs assessment, identify device design goals, and assess
economic interest in the device. This was advantageous as surveys
can be designed to avoid collecting personal information and to be
confidential. In most cases, this allowed expedited review and
provided a quick turnaround in the IRB process. This initial and
early contact with the end-user(s) was also beneficial for educating
and exposing undergraduate students to common life-altering
challenges that people face. This often resulted in a transformative
experience for the undergraduates, catalyzing their desire to use
their education and abilities to advance the well-being of others.

Surveys were also found to be a useful solution to the challenge of
performing final prototype evaluations by the end-users. Near the
completion of the project, and after fabricating the final design
prototype, many design groups then presented their final prototype
to the end-users, and solicited formal feedback through a survey
regarding the prototype design and function. This approach was
effective at closing the loop on the design process.

Optimizing Project Progression and Outcomes. When selecting
specific design projects, we found it advantageous to build upon
existing research strengths of the faculty advisor as opposed to
de novo ideation. By limiting the scope of the potential projects to
the general research area of the faculty advisors, in this case speech
and mobility, it facilitated the involvement of end-users through
existing connections and guided students toward meritorious
projects. In addition, this approach provides motivation for the
advisor to mentor an integrated design team as they are more likely
to support work that promotes progress and yields quantifiable
outcomes within their chosen field.

Discussion

It is emphasized that the primary objective of this work was to
establish a biomedical integrated design experience for under-
graduates in traditional engineering disciplines (e.g., mechanical
engineering) at a university without a biomedical engineering
major. Consequently, the main contribution of this work should be
viewed as informing decisions and strategies for implementing
undergraduate biomedical-themed design experiences at similar
institutions (e.g., midsize, R2).

Overall, the design experience was rewarding for students, faculty
mentors, and end-users, and satisfied our objectives for student
design experiences. Examples highlighting select final prototypes

054701-6 / Vol. 146, MAY 2024

are shown in Fig. 3. Our student design teams worked together and
the demographic diversity within our teams was greater than that of
the University’s student population, as expected from Ref. [4]. We
attribute this to the emphasis on improving quality of life through
product design that may have attracted more diverse students, and
that our funded projects offered students more opportunities to
interact with end-users, present their work, and the possibility of a
national conference presentation. This is synergistic with nation-
wide emerging work suggesting that design projects with explicit
relevance to equity appeal to students [31]. We explicitly observed
that the SB3C Undergraduate Design Competition was a strong
motivator, particularly in years when multiple teams submitted
abstracts because only one team per university could be a finalist.
We believe that this “friendly competition” was particularly
motivating.

We observed that the most successful outcomes were achieved by
teams that worked for 2 semesters, and had a team member continue
the work (with funded support); this led to additional publications,
including two journal papers. An additional benefit of project
continuation (beyond offering professional development to trainees)
is that this additional product development can set the stage for
patents, small business opportunities, and other commercialization
(e.g., I-Corps, SBIR/STTR, or NSF PFI proposals). None of these
projects were immediately translated into student-led companies,
though many students (Table 1) did pursue careers in healthcare-
related fields, including the medical device industry and government
(e.g., at the FDA).

In many instances, these projects served as gateways to research
and healthcare-related engineering work for students who pre-
viously professed disinterest in pursuing a graduate education or
healthcare-related occupations, which agrees with existing literature
that research and design are often synergistic [1]. Many of the
students that ultimately attended graduate school or pursued
healthcare-related careers in industry were not even thinking of it
when they started the projects. Our gains of building confidence in
research capability in students may be comparable to those seen by a
summer REU program [32], yet do so within the context of the
typical academic year and avoid the selection bias inherent in REU
programs, which self-select for students predisposed to research
pursuit. Future work could study the effect of these team design
projects on developing scientific identity and fostering a sense of
belonging. Additionally, we note that this approach of “meeting
students where they are” in a required capstone course offers a
smooth entry pathway to research-minded projects and comple-
ments established larger-scale undergraduate research experiences
[33] while having a lower barrier to implementation for faculty.

We note that relatively small monetary investments produced
high-impact outcomes that provide direct benefits to both under-
graduate students and end-users of assistive technology. In our case,
external funding catalyzed our vision of multidisciplinary design
projects, and enabled financial support for specific activities (e.g.,
device design and fabrication, conference travel, summer student
funding). We realize that these activities can be prohibitive for many
institutions, though many of our activities to enhance team
dynamics, such as including multidisciplinary students and needs
assessments, can be done at no- or low-cost. We strongly encourage
faculty mentors to take advantage of external funding for projects,
including industry support as well as opportunities like NSF REU
supplements and sites, NSF Design Supplements (available for
those who hold active NSF awards from the Engineering
Directorate), or other larger opportunities like the NIH R25
opportunity for Team-Based Design in Biomedical Engineering
Education. Finally, though it can be challenging to track the long-
term impacts of any single design project, we strongly encourage
funders (federal or industrial) to continue to support these
potentially impactful efforts.

Our students thrived when they established direct personal
contact with the end-user (or group) to establish design goals. This
helps students gain an appreciation for the challenges faced by the
end-users (sometimes accompanied by wide eyes during meetings,
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Fig.3 Example assistive technology prototypes developed: (a) solid model and experimental prototype of
an artificial cough prosthesis, (b) a solid model and experimental prototype of mechanically driven artificial
larynx, (c) an energy-storage-and-release device to assist Nordic ski poling for individuals with muscular
degeneration in the upper arm, and (d) multiple prototypes for a limited-motion wrist brace

and intense fervor in group discussions about how to improve quality
of life for persons with disabilities). We note that these important
interactions often required facilitation and logistical coordination by
faculty members, which may limit the scalability of this approach.

To effectively use undergraduate design projects as a gateway to
research experiences, we recommend encouraging entrepreneurial
thinking and a curiosity-driven approach along with end-user and
clinical professional interaction. We also note that research projects
can be critical to building STEM identity [34], which is also critical
to retention and career success. Further, we note that our 12 projects
led to eight provisional patents across six projects (see Supplemental
Materials on the ASME Digital Collection for additional detail).
These were made possible by educating students to develop a
benchtop-to-market transition plan. In all cases, students and faculty
engaged in meaningful dialog about who to list as the inventor.
These decisions were all ultimately made by the student teams; in
some cases, faculty were included as co-inventors if they had made
substantial contribution to the patentable aspects of the device. This
approach could help mitigate the valley of death that often exists
between ideation in academia and the product’s ultimate translation
to market.

Our implementation harnessed the strengths of our own
institution and we anticipate that our challenges and successes
may be useful to others in similar institutions. We also recognize that
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our implementation of multidisciplinary design projects may not be
scalable to larger numbers of students, regardless of institution size,
due to the heavy commitment of faculty mentors. Future endeavors
could systematically identify effective practices to enable “scale-

”

up.

Conclusions

A pathway for the establishment of an integrated biomedical
engineering design experience at an institution without a biomedical
engineering major has been outlined. The interdisciplinary student
design projects were generally successful, despite the obstacles
described. The student experience was enhanced by end-user
engagement and the multidisciplinary nature of the approach.
Additionally, we note that students who participated in these
engineering design projects often treated them as an introductory
research project, especially those students who continued work on
the project over the summer. Given that research experiences are one
of the best ways to attract and retain students in engineering careers
[35], we expect well-structured design projects like those we
describe will offer a similar pathway to success in science and
engineering research. Research experiences are a critically impor-
tant part toward engaging the so-called Missing Millions [36] in the
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nation’s science and engineering enterprise, and design projects may
provide a pathway toward this goal.
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