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Abstract
Challenge  The biomedical engineering (BME) capstone design courses are traditionally offered in students’ senior year. 
Students often feel underprepared for the hands-on biodesign and prototyping process. Also, capstone design projects are 
often provided by BME faculty, without students’ input in needs finding and screening.
Novel Initiative  A longitudinal and interdisciplinary biodesign internship course sequence (program) was developed and 
offered. This internship course has three components. Part I is offered in the fall semester of students’ junior year, focusing 
on biodesign concept development and preliminary prototyping. Part II is offered in the spring semester of students’ junior 
year, focusing on clinical observation and needs finding. Part III is a 6-week summer immersion program, where students 
work directly with clinicians and industry mentors to convert a valid clinical need into a biodesign project and initiate the 
bio-innovation process. Successful summer projects can be carried forward into students’ senior year and become their 
senior design projects.
Reflection  Since the start of this program in 2018, 47 students participated in the program, which accounted for approxi-
mately 20% of the total number of students. More than 75% of the projects developed in the biodesign internship program 
were successfully carried into BME senior design and involved more than 60% of BME students in their senior design pro-
cess. Students were satisfied with their biodesign internship experience. Other products of this program include conference 
presentations, peer-reviewed journal publications, provisional patents, patents, and design competition awards.
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Challenge Statement

As biomedical engineering (BME) undergraduate education 
evolves to meet the ever-changing medical device landscape 
its graduates will find their place in, more programs have 
begun to incorporate clinical immersion experiences into 
their curriculums [1–3]. Clinical immersion has proven to 
be invaluable for BME students as they help students to see 
first-hand challenges of the clinical environment in which 
their devices must function and learn how to distill what 
clinicians actually need from what they report they want 
[1, 2, 4, 5]. Ideally, engineering students should be given 
opportunities to perform their own clinical needs finding 
within the clinical environment (as compared to the more 
traditional approach of being provided with faculty-driven 
research or clinical needs for their BME senior design 
capstone projects) [2, 5]. This could help the students to 
improve their interdisciplinary communication skills as 
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well as their understanding of the constraints during clini-
cal needs screening [1, 5]. As such, this teaching tip article 
describes the creation and evaluation of a longitudinal and 
interdisciplinary biodesign internship program which brings 
together undergraduate BME students, medical students, 
clinical mentors, and industry mentors, with the goals that 
(1) BME students can learn a shared language of medical 
device innovation with medical students via longitudinal 
exposure to the process; (2) both BME students and medical 
students can benefit from the interdisciplinary collaboration 
and near-peer mentoring experience; 3) BME students can 
learn about different aspects of the biodesign and innovation 
process from clinical and industry mentors, before they start 
their senior design.

Novel Initiative

This program helped to (1) shift BME capstone design pro-
jects from faculty-centric to clinical needs-driven projects 
identified by students themselves, (2) facilitate interdisci-
plinary collaboration between medical students and BME 
undergraduate students, and (3) expand the students’ biode-
sign process from one year (senior year) to two years (junior 
and senior years). Two courses were created, one for BME 
juniors and one for medical students. The BME course was 
taught in three consecutive semesters, i.e., fall, spring, and 
summer during the students’ junior year. The new course 
developed for medical students was described in detail else-
where [6].

The BME course (EXT488) series, or program, was 
developed and implemented in the BME undergraduate 
program at Stony Brook University, an ABET (Accredi-
tation Board for Engineering and Technology) accredited 
program, as part of an NIH R25 grant. The program has 
been successfully offered to five cohorts (2019 – 2023), with 
one cohort beginning every fall semester, and each cohort 
staying within the program for 2 years. No more than 12 
undergraduate BME students, selected from about 1/3 of the 
junior class (35-55) who apply, are invited to enroll in each 
entering cohort, based on their academic record, extra-cur-
ricular activities, performance in the previous classes with 
significant design components, recommendations from fac-
ulty, and a personal statement (selection decision is made by 
the EXT488 program director and clinical mentors).

EXT488 Part I: Introduction to the Medical Device 
Innovation Process (Fall, Year 1)

In this one-credit course (1 hour lecture/meeting time, and 
3 hours of after-class lab/research work per week), BME 
students begin by joining medical students for a series of 
seminar sessions to learn the process of medical device 

innovation (e.g., clinical needs finding and screening, mar-
ket analysis, intellectual property consideration, prototyping 
practices, etc.) [7]. These sessions are led by clinical faculty 
with engineering or device innovation experience. A non-
medical, more universal need is pursued by interdisciplinary 
small groups during the sessions to keep the focus on under-
standing the process itself, and not get distracted by deci-
phering medical minutiae. For example, a class favorite was 
solving the dilemma of how to evenly distribute toppings on 
movie theater popcorn. During these sessions, students begin 
to learn how to communicate among themselves by limiting 
their respective professional jargon, and instead, emphasiz-
ing the use of their new shared terminology of innovation. 
The final session consists of a product pitch, modeled after 
the TV show Shark Tank, thus pushing the teams to not only 
communicate effectively but also efficiently.

After these combined sessions, BME students spend the 
remaining half of the semester in the BME teaching lab 
working on a small but real design project under the super-
vision of a BME professor. Generally, students form two-
person teams and are tasked with building a small electronic 
device, such as a popcorn butter machine, a milk frother, a 
mini vacuum cleaner, a small cone and plate viscometer, and 
so on. Students usually spend one to two weeks conducting 
market analysis to better understand the existing products in 
the market, features of different products, price range, mar-
ket demand, and market size, and so on. Students then start 
their own design, which needs to be different from what is 
available in the market. Students are allowed to use design/
modeling software (such as AutoCAD), 3D printer, laser 
cutter, CNC machine, and other prototyping tools available 
in the teaching lab to make a physical product. Students have 
5 weeks to achieve all their design goals and make a working 
prototype. At the end of the semester, all the devices made 
by the student teams are tested for their functionality. Design 
successes, failures, and the challenges students face during 
the design/prototyping process are discussed in class and 
documented in students’ written reports.

EXT488 Part II: Shared Clinical Experiences (Spring, 
Year 1)

In this one-credit course (one 2-hour meeting per month, 
and 40+ hours of clinical shadowing per semester), BME 
students join the medical students for shared clinical 
experiences in various clinical locations (e.g., emergency 
department, pediatric urgent care, hospital biomedical 
engineering, operating room, labor and delivery, medi-
cal school clinical simulation center, mobile stroke unit 
ambulances, etc.). To be granted access to the clinical set-
ting, BME students are required to go through a hospital 
clearance and orientation process, including verification 
of immunizations and titers, privacy and confidentiality 
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training, and workplace safety training. In addition to 
joining the medical students, BME students also shadow 
hospital BME specialists, nurses, respiratory therapists, 
radiation technicians, paramedics, nursing assistants, and 
physicians. During these clinical experiences, BME stu-
dents are expected to brainstorm and create at least three 
clinical need statements per shadow experience. Medical 
students, BME students, and the clinical faculty meet as a 
large group once a month to discuss and refine the clini-
cal needs statements that are generated. At the end of the 
semester, BME students are expected to have a list of clini-
cal needs they identified, which they then narrow down to 
three urgent or significant clinical needs.

At the end of the spring semester, BME students in 
the course series are expected to know how to conduct 
clinical observation, how to communicate effectively with 
clinicians, how to write clinical needs statements, how 
to translate a clinical need into an engineering problem, 
and how to evaluate the engineering feasibility of a solu-
tion through rapid prototyping. Equipped with these skills, 
BME students are ready to move on to the Summer Clini-
cal Immersion Program.

EXT488 Part III: Biodesign Summer Clinical 
Immersion (Summer, Year 1)

In this zero-credit course, BME students further narrow 
down the final three clinical needs they identified during 
EXT488 Part II and begin early-stage design and proto-
typing (with the support from BME, clinical and industry 
mentors). The overall objectives of this course include the 
following:

•	 Through direct clinical observation and consultation with 
clinicians and industry mentors, students are expected to 
identify one significant clinical need.

•	 Through a rapid prototyping process, students are 
expected to identify potential engineering solutions to a 
given clinical problem.

•	 Through literature search, intellectual property analy-
sis, and consultation with industry mentors, students 
are expected to understand market needs and regulatory 
pathways associated with a medical innovation product.

All students receive a $2,000 stipend for participating 
in the Summer Clinical Immersion Program (20 hours 
per week). The typical schedule for this 6-week course is 
depicted in Table 1. During week 6 of the summer program, 
students make a pitch for their clinical need and initial pro-
posed solution. Based on the clinical problem, the poten-
tial solution, the market potential of the product, and the 
intellectual property potential of the invention, all mentors 
(BME, clinical, and industry mentors) vote if a summer 
immersion project should be carried forward as a BME sen-
ior design project.

BME440/441: BME Senior Design Capstone Project 
Courses (Fall and Spring, Year 2)

During these two semesters, BME students are required to 
build a working prototype that addresses their self-derived 
clinical need. BME students who participated in the preced-
ing biodesign internship program, and therefore had identi-
fied, screened, and performed an initial stakeholder and mar-
ket analysis suggesting the idea was viable, are encouraged 
to find classmates interested in their project. In general, 1-2 
students from the clinical immersion program find 2-4 other 
classmates to work with, and naturally take the leadership 
role of these design teams. This group of BME students are 

Table 1   The 6-week summer immersion program schedule

Monday Tuesday Wednesday Thursday Friday

Week 1 Lectures: market analysis, 
product search, and patent 
search

Open discussion with clini-
cal mentors

Open discussion with indus-
try mentors

Research Research

Week 2 Problem selection discus-
sion with BME mentors

Problem selection discus-
sion with clinical mentors

Problem selection discus-
sion with industry mentors

Research Finalize problem/project 
selection

Week 3 Clinical rotation and shadowing; discussion with all mentors (by individual appointments), research, and start design and prototyp-
ing.

Week 4 Research, design, and prototype. Consult all mentors.
Week 5 Regroup with BME mentors Regroup with clinical men-

tors
Regroup with industry 

mentors
Draft a plan Pitch the problem and 

solutions to all mentors; 
receive feedback

Week 6 Research based on feedback Plan with BME mentors Plan with clinical mentors Plan with 
industry 
mentors

Final report due
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then joined by 2-3 medical students (who were in EXT 488 
with the BME students), who act as near-peer consultants 
and assist the team’s clinical faculty mentors. In this capac-
ity, medical students are the first in line in answering clini-
cal questions and provide feedback about possible solutions 
to the BME students. In the event the medical students are 
unable to provide an answer or feedback, the question then 
goes to the clinical faculty mentor. During the whole senior 
design process, students stay in contact with the industry 
mentor for market and customer related questions.

Reflection

The first five cohorts of our longitudinal, interdisciplinary 
clinical immersion program included a total of 47 BME stu-
dents. Figure 1 depicts the demographics of these students.

For EXT488 Part I, students provided their feedback 
through their end of the semester reports. Students were 
asked to 1) rate their overall experience on a 1-10 scale (1 
being poor and 10 being very good); 2) summarize what 
they have learned from the experience and if it is helpful; 
and 3) if they have any recommendations and suggestions 
for the course instructors. The representative comments 
from students are shown in Table 2. Students overall enjoyed 

interacting with medical school faculty/students and industry 
mentors and were excited about hands-on and project-based 
learning. Many of them recognized a better understanding 
of the complexity of the medical device innovation process. 
Constructive feedback generally included students wanting 
additional time dedicated to group meetings and prototyp-
ing. The average students’ ratings ranged from 8.2±0.75 
to 9.0±1.15 (mean±standard deviation). The lowest rat-
ing occurred in fall 2020, when the program was offered 
remotely during the pandemic.

In addition, from an instructor standpoint, because both 
the medical students and the BME students had busy aca-
demic schedules, it was challenging to find a time that both 
groups could come together. The importance of documen-
tation practices to provide clear evidence of inventorship 
became apparent (especially in the later part of EXT488 and 
during senior design). A session was added at the beginning 
of the program (EXT488 Part I) in which the University’s 
Intellectual Property Partners’ Office joined the students to 
explain best practices for IP documentation.

For EXT488 Part II, students provided details of their 
clinical observation sessions in their end of the semester 
reports (time, location, clinicians shadowed, observation 
summary, clinical needs identified, etc.). Students were 
also asked to summarize what they have learned through 

Fig. 1   General information of the students that were admitted into the 
biodesign internship program. A The total number (male and female) 
students admitted into the program. B The percentage of the admitted 

students to the total number of BME juniors in the same year. C The 
average GPA of admitted students. D The overall distribution of stu-
dent career goals at the time of admission



361A Longitudinal and Interdisciplinary Biodesign Internship Program for Biomedical Engineering…

the experience, and if they have any recommendations/sug-
gestions for additional resources and support. Some repre-
sentative student feedback from EXT488 Part II includes: 
“I found the semester’s work to be a rewarding experience”; 
“I learned a lot about the medical field from this internship 
that will forever help me in my career path as a biomedical 
engineer”; “This was a phenomenal experience thus far and 
I gained a ton of new information about how hospitals run 
and how the OR and ER operate”; “I feel like I learned a 
lot during this semester, and the most valuable part for me 
was the in-person shadowing”; “It is difficult to come up 
with clinical needs simply by thinking about them”; and “I 
cannot learn these knowledge from the textbook and I am 
really thankful.” All participating BME students were able 
to identify more than one viable clinical need through the 
shared clinical experiences.

Of 12 BME students per cohort who successfully com-
pleted EXT488 Part I and II, about 5-8 BME students per 
cohort chose to continue in the sequence and participate 
in Part III, the Biodesign Summer Clinical Immersion. 
Although students who participated received a $2,000 sti-
pend as part of the R25 grant, it was not sufficient to cover 
the full cost of summer housing or living expenses, and 
because of this, some students were unable to continue in 
the program. Table 3 summarizes the participation rate in 
EXT488 Part III, the need statements generated, and the 
percentage of summer projects that progressed to BME sen-
ior design capstone projects. The most common reason for 
students not to participate in the summer immersion pro-
gram was the high on-campus housing cost during the sum-
mer. During the pandemic, health concerns also prevented 
some students from participating. No quantitative feedback 
from the students was collected in EXT 488 Part II or Part 
III. This is a limitation of our study, and we would like to 
include it in future.

In total, 20 clinical needs generated and refined in 
EXT488 went on to be used as senior design project ideas. 

These ideas were worked on not only by BME and medical 
students participating in the longitudinal, interdisciplinary 
clinical immersion program, but also by approximately 
60% of all BME students per graduating class.

In addition to the positive impact of this program on 
students’ hands-on learning and BME senior design cap-
stone experience, other products of this program include 
conference abstracts/presentations, peer-reviewed journal 
publications, provisional patents/patents, and design com-
petition awards (Table 4). Achieving milestones such as 
filing provisional patents was exceedingly rare prior to this 
program. It would seem as though the early collaboration 
between BME and medical school faculty, as well as the 
support from industry mentors, enabled students to iden-
tify significant clinical needs based on their own obser-
vation, and engaging in this process before their senior 
year certainly helped students to achieve more milestones 
during their overall design process.

Previous studies have demonstrated the importance of 
interdisciplinary collaboration between BME students, 
medical students, and clinicians, during the biodesign 
process [8–10]. Using similar approaches, our program 
provides an effective way to engage students in hands-on 
learning that starts with a real clinical need. The unique 
contents of this course sequence include the following: 1) 
this program provides BME students with unique oppor-
tunities to work directly with clinical mentors and medi-
cal students, starting from the junior year and continuing 
till the end of their senior year (a longitudinal process); 
2) the clinical shadowing, which gives BME students 
an opportunity to identify clinical needs from their own 
experience;  and 3) the summer clinical immersion pro-
gram, which gives students an opportunity to work closely 
and extensively with their mentors (especially clinical 
and industry mentors) to validate the clinical needs they 
identify. These unique program contents are expected to 
enhance students' biodesign skills in communication (with 

Table 2   Representative comments from students on EXT488 – fall semester

Strengths of the class Weaknesses that need
improvement

• The dynamic between the instructors and the class was both fun and productive.
• The overall experience has opened my eyes to the complexities of the bioengineering design process.
• This was a great hands-on and project-based learning experience.
• I learned an incredible amount from both sides (engineering and medicine) that I wouldn't have dreamt to 

have learned in any of my classes. 
• This experience has just begun but has already provided us with more information and new ways of 

thinking.
• I learned a lot about the customer-needs-based analysis side of things in medical device innovation.
• It was interesting to work alongside medical school students because our thought processes were 

different. 
• This course successfully allowed me to develop my understanding of engineering skills, many of which I 

shall use in my future biomedical endeavors.
• We were able to build our interpersonal, collaborative and leadership skills through the group work.

• I would like to have more 
opportunities to apply the 
design process to a clinical 
setting.

• I would prefer more 
emphasis on participation, 
activities, and group work, 
but not lectures.

• I need more time to 
prototype.

• I wish to have more 
meeting time.
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Table 3   Summer immersion program participation rates, need statements, and percentages of projects proceeded to senior design

Year
Participation 

rate (# of 
students)

Need statements proposed by students
% of Projects 
progressed to 
Senior Design

2019 50%
(6)

• A need to address tissue damage due to the non-uniform force distribution of self-retaining retractors on the patient’s 
tissue.

• A need for a device that can detect opioid-induced ventilatory impairment by monitoring CO2 levels, to provide real time 
and accurate information about ventilation patterns. 

• A need for a low cost and more accessible medical lift for home use for individuals with mobility challenges.
• A need for a device to reduce maternal mortality due to postpartum hemorrhaging and allow nurses to more accurately 

monitor blood loss.

75%

2020 70%
(7)

• A need for an improved nasal cannula which can properly orient the cannula, stabilize the tubes, and cause minimal 
discomfort. 

• A need for an improved design that addresses the physiological burden arising from N95 respirators due to extended 
periods of time each day.

• A need to develop a smart device that collects real-time operation metrics and provides notifications and guidance to 
stretcher operators, to address the lack of data on prehospital stretcher operation and unreported provider errors.

• A need for a device that can wirelessly record diagnostic ECG data for newborn babies, which should be convenient for 
clinicians to use and non-damaging for sensitive newborn skin.

• A need for a non-invasive device to address the removal of IO needles from adult patients that reduces the risks of a 
needlestick injury to both the patient and healthcare provider and is efficient and user-friendly for the healthcare provider 
to operate.

• A need for a device that can perform intramuscular injections and increase user safety. 
• A need to develop a visual indicator to monitor the inhalation method/pattern when using a nebulizer so that patients 

have a visual cue to correct themselves with incorrect use for both in-hospital & domestic use, to ensure efficient drug 
delivery and reduce extended treatment time.

100%

2021 100%
(8)

• A way to address the need to practice reducing anterior shoulder dislocations for training medical students and 
physicians that can simulate various levels of muscular tension around the joint.

• A way to address difficulties in placing the cassette of a portable x-ray (radiograph) machine under patients that allows 
for quick and safe implementation and an accurate image.

• A need for a device that can determine an early-on risk for a pressure ulcer in chronically ill stationary patients to avoid 
ulcer progression.

• A simulated LVAD troubleshooting device that can provide reproducible and inexpensive training for healthcare 
providers. 

• A need for a device that can easily enable someone to find the location of power outlets in the ER and to determine their 
availability at a glance.

80%

2022 71%
(5)

• A way for wheelchair users to store, transport, and access backpacks on their wheelchairs without causing undue 
physical strain due to the weight or positioning of the backpacks. 

• A need to develop a cost effective, easy to operate device that addresses the difficulty of locating a vein to mitigate 
clinicians and nurses incorrectly inserting IV catheters multiple times which negatively affect the patient’s experience.

• A need for an inexpensive, lightweight, and collapsible assistive cushion for the elderly in home care to promote 
individual mobility.

• A need to improve and adjust tension in leg/device, making the knee bend while walking, and ease of putting on a Hip 
Flexion Assist Device (HFAD) for patients with Multiple Sclerosis (MS) and other related disabilities.

100%

Table 4   Other products of the program

Abstracts

• ECMO: Oxygenator Disconnect Alarm. Presented at the Northeast Bioengineering Conference. Drexel University, 
Philadelphia, PA. March 2023.

• Central Venous Catheter Securement Method Using Suture Wing Plugs. Presented at the Northeast Bioengineering 
Conference. Drexel University, Philadelphia, PA. March 2023.

• A Novel Nursing-Biomedical Engineering Inter-professional Education Initiative for Promoting Practical Innovation 
in Healthcare. Presented at the IACEE 18th World Conference on Continuing Engineering Education. Buffalo, NY. June 
2022.

• Shoulder Reduction Simulator: Interactive Shoulder Reduction Training Device for Physicians and Medical Students. 
Presented at the 48th Annual Northeast Bioengineering Conference. New York City, NY. April 2022.

• NeedleShield: Novel Approach on Resolving Needle-stick Related Injuries in Intramuscular Injection Practices. 
Presented at the 47th Annual Northeast Bioengineering Conference.  March 2021, Online.

Journal 
publicat
ions

• Learning the Language of Medical Device Innovation: A Longitudinal Interdisciplinary Elective for Medical Students. 
Academic Medicine, 2022, Vol 97, Issue 9:1341-1345. DOI:10.1097/ACM.0000000000004723. PMID:35507458.

• A COVID-19 Airway Management Innovation with Pragmatic Efficacy Evaluation: The Patient Particle Containment 
Chamber. Annals of Biomedical Engineering, 2020, Vol 48, No 10: 2371-2376. DOI:10.1007/s10439-020-02599-6. 
PMID:328566180.

Technology

disclosure

• Interactive Shoulder Reduction Training Device for Physicians and Medical Students
• A Point-of-Care Ultrasonography Simulation System for Educational Use in Non-Stationary Medical Environments
• Patient Particle Containment Chamber

Provisio
nal 

patents 
filed

• Device for Addressing Needle-stick Related Injuries in Injection Practice
• Needle Removal Device
• Adaptor for Surgical Retractors

Utility 
patent 
granted

• Adaptor for Surgical Retractors. WIPO (PCT) WO2021167931A1

Design 
competit

ion 
awards

• First Place at the 2022 Stony Brook University Small Business Development Center Entrepreneurs Challenge 
• Grand Prize at Stony Brook University Wolfie Tank 2021 
• First Place at the 2021 Stony Brook University Small Business Development Center Entrepreneurial Challenge 
• Fan Favorite Award in Medical Device Projects at the 2021 47th Annual Northeast Bioengineering Conference 
• Grand Prize at Stony Brook University Wolfie Tank 2019
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clinicians), needs finding and screening, problem valida-
tion, and prototyping.

There are some limitations with the program in its cur-
rent format. The program aimed to promote BME students’ 
learning of critical skills, e.g., communication, teamwork, 
research and prototyping, understanding intellectual prop-
erty and market potential, and so on, needed for the future 
medical device innovation workforce development. Table 2 
demonstrates some qualitative feedback we received from 
students, which might not be sufficient to assess our program 
outcomes. When the program was launched, three high-level 
goals were established. To effectively assess whether these 
goals are being achieved, they may need to be broken down 
into measurable indicators. For example, for goal 1 (BME 
students learn the shared language of medical device inno-
vation with medical students via longitudinal process), we 
may use several indicators, including quality of the small 
collaborative projects in EXT488 Part I, BME students - 
medical students’ total contact time (both in and out of class 
over two years), the depth of medical students’ involvement 
in BME senior design projects, and BME students’ feed-
back, to assess the effectiveness of BME students’ learning 
through the longitudinal process. To assess if BME students 
have learned different aspects of biodesign and innovation 
before senior design (goal 3), students’ reports for the sum-
mer immersion program, especially the market analysis and 
IP evaluation sections, can be used. Additionally, students’ 
self-evaluations for EXT488 Part II and III can be collected 
for qualitative assessment, using structured analysis and the-
matic coding. We may need to revise our original goals to 
better meet the learning needs of the students.

The program in the current format does not have the 
capacity to accommodate all interested BME students. We 
plan to bring partners from more disciplines (in health-
care programs) to the biodesign process, and develop new 
courses, programs, and internship opportunities, to scale 
up participation and enhance the impact of our educational 
effort. We also would like to incorporate global collabo-
rations to address healthcare challenges in low-resource 
environments.

Another limitation is that we do not have data to assess 
the long-term impact of the program on BME students’ 
career development. In our future studies, a long-term data 
collection plan will be needed to follow up with EXT488 
students after they graduate.
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