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Abstract—There are many benefits of the RADxSM Tech
initiative worth exploring beyond that of the current accel-
eration of diagnostic tests being developed and deployed
to the nation. One of those benefits has been the impact
on work readiness for recent biomedical engineering (BME)
graduates who have been hired by RADx Tech as Assistant
Project Facilitators (APFs) and to the students and faculty
members on applicant teams. This paper includes a litera-
ture review of the current status of BME professional skills
development in traditional academic and clinical settings.
The organizational structure of RADx Tech teams is de-
scribed, including how recent BME graduates are integral
to the process. Opportunities are discussed on how the
RADx Tech structural model can be leveraged to improve
professional skills education. It is concluded that the RADx
Tech organizational structure and process including APFs
may be replicable. Further research is planned to explore
its impact.

Index Terms—Biomedical, education, engineering, en-
trepreneurship, professional.

Impact Statement—An unanticipated outcome of the
COVID-19 pandemic and RADx Tech response was a unique
experience addressing gaps in professional skills educa-
tion that has been a perennial challenge for BME programs.

I. INTRODUCTION

There is a substantive body of literature highlighting an ed-
ucational gap between Biomedical Engineering (BME) theory
and professional skills. BME Programs have been making great
efforts to fill this gap, particularly over the past two decades. This
has resulted in innovative approaches to teach Senior Design
courses, a new breed of Professional Master’s Degrees, and
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widely available Certificate Programs [1]–[3]. However, this
theory/practice gap still exists as evidenced by Rivera, et al.,
in their June 2020 ASEE Virtual Conference paper, “Preparing
Early Career Biomedical Undergraduates through Investigations
of Stakeholder Needs: A Qualitative Analysis” [4].

Providing training and experiences that meet the current needs
of industry is a perennial challenge for BME programs. This
challenge is exacerbated when considering many BME faculty
have limited prior industry experience to draw from [5]. A
recent survey of current BME faculty found a general need
for improving students’ preparation for working in industry and
identified several key areas for improvement including design for
manufacturing, verification and validation, and establishment
of industry contacts. In that same study, a survey of industry
respondents identified the top five skills for new BME hires as
problem-solving, interpersonal communication, design experi-
ence, team projects, and writing/delivering technical presenta-
tions [6]. The modern BME curriculum is designed to address
these practical skills. However, many instructors struggle to
transmit the nuances of design controls, regulatory pathway
to approval, medical economics, reimbursement, and funding
strategy without having prior hands-on experience.

One of the unanticipated outcomes of the COVID-19 pan-
demic was the emergence of a unique opportunity to address
this gap in key experiences. In March of 2020, a grassroots
collaboration among biomedical faculty, students, and indus-
try emerged in response to the surging COVID-19 pandemic
focused initially on ventilator designs and masks for the dwin-
dling hospital supply [7], [8]. Meanwhile, government officials
increasingly identified the need to provide significant funding
to biomedical innovators. On May 7, 2020, National Institutes
of Health (NIH) Director Francis Collins, MD, PhD, testified
at a full senate hearing titled, “Shark Tank: New Tests for
COVID-19” [9]. At this hearing, the NIH initiative for Rapid
Acceleration of Diagnostics (RADxSM) was announced. This ef-
fort, specifically focused on expanding access to testing through
novel approaches, would ultimately bring together a diverse
tactical team of experts representing every sector of government,
academia, and industry. Collins stated in his testimony that
“RADx is engaging every scientist from the basement to the
boardroom in an effort to improve current tests and advance
completely new technologies.” [9].
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The reference to ‘Shark Tank’ in the title of the senate hearing
is telling, as it implied a level of rigor and commercial diligence
involved in deploying new technologies and a pace of develop-
ment atypical in academic, peer-reviewed research. This ‘Shark
Tank’ mentality would manifest as the ‘Deep Dive’ phase at the
beginning of what would become the RADx Tech Innovation
Funnel to Evaluate Testing Technologies for Covid-19 [10] (also
see article by Dempsey et al. in this special issue). This funnel
describes the stages of the process that BME academics and
students participating on both sides of the process experience as
either the proposal applicants and/or RADx Tech team members
[10].

The RADx initiative resulted in unexpected learning op-
portunities for recent BME graduates, students, and faculty.
Recent graduates were placed alongside industry veterans in
an apprenticeship-like environment. Simultaneously, the rigor
of the RADx Tech process on applicants submitting proposals
provided an opportunity for academics to learn and appreciate
the importance of professional skills in bringing solutions from
BME research to commercial deployment [12].

This unexpected learning opportunity prompts the following
questions about the impact of RADx Tech on learning and
professional skill development. Can the RADx Tech structural
model:

� Increase BME work readiness for current students and re-
cent graduates who are proposal applicants and/or RADx
Tech team members?

� Improve teaching of BME professional skills by faculty
members who are proposal applicants?

� Serve as a model for BME professional skills develop-
ment?

This paper opens with a literature review of the current status
of BME professional skills development in traditional academic
and clinical settings. We then provide an organizational structure
of RADx Tech teams including the background and interactions
within the process. Finally, we describe how RADx Tech can
be leveraged for professional skills development and discuss
potential opportunities for the future of such a model.

II. REVIEW OF BME PROFESSIONAL

SKILLS DEVELOPMENT

Academic BME Programs were first introduced in the 1950s
to bring together the engineering skills and understanding of
biological systems needed to solve medical problems rooted
in biology [13]–[15]. The diversity of academic and clinical
practices brought together within the BME discipline, along with
the importance of unmet needs in the medical space, provided a
unique ecosystem for university-based innovation. In the United
States, growth of BME programs across the country was initially
fueled by leaders of foundations such as Whitaker and Wallace
H. Coulter who together invested over $1BB in the creation of
educational and research programs in BME [16]. This coincided
with a period of growth in federal investment in engineering
and medical research and the creation of the National Institute
of Biomedical Imaging and Bioengineering (NIBIB) [17]. The

degree also attracted significant additional investment in edu-
cational programming from governments, private entities, and
institutions [18], [19]. In 2012, CNN Money called BME the
best job in America, driving students to major in the discipline
[20], [21].

The significant funding and interest in the BME major have
predominantly been associated with the field’s promise for de-
livering medical innovations through meaningful, prosperous
careers in both research and industry. One of the challenges
of preparing graduates to enter industry roles is the predomi-
nance of traditional research-oriented faculty, often with limited
industry exposure and experience navigating regulatory and
commercial processes, and the need to train students for careers
developing applied solutions in a regulated environment. The
literature highlights the many different areas within the curricu-
lum where these tensions emerge, and provides several possible
contributing factors, including [4], [16], [19], [21]:

� Balancing the depth of technical skills versus the breadth
of knowledge for such a diverse field, especially in a 4-year
bachelor’s degree program [16], [22]

� Consistency among degree program offerings and the
ranges of concentration areas such as imaging, informat-
ics, biomechanics, biomaterials, tissue engineering, etc.
[22], [23].

� Differing professional skills based on industry sectors such
as medical devices, biologics, and pharmaceuticals [24].

� Academic programs ability to keep pace with a rapidly
changing sector including the most pressing unmet needs,
technology innovation, and regulatory landscape [15],
[16], [22].

With such a complex multidisciplinary environment, the BME
field has had a concerted effort over the past 20 years to fill
these gaps and prepare the next generation of leaders. Be-
low, we highlight four such efforts from the late 1990s and
into the early 2000s as a case study of growth in the field
of BME. This includes the Consortia for Improving Medicine
with Innovation & Technology (CIMIT), the Stanford Biode-
sign Fellowship, the Coulter Translational Research Grant,
and the establishment of the Biomedical Engineering Inno-
vation Design and Entrepreneurship Alliance (BME-IDEA).
Each of these programs identified collaboration across multi-
ple disciplines, clinical immersion, and professional skills as
key criteria for encouraging successful biomedical innovations
[25]–[28].

CIMIT was formed in 1998 as a collaboration of academic
research centers in the greater Boston area. Its founding was
based on a recognition that facilitating early-stage collaboration
between multidisciplinary and institutional teams was critical
to achieve significant clinical impact [25]. Over the subsequent
two decades, CIMIT matured from linking four research centers
and expanded to a global network as a successful model for ac-
celerating translational medical research through a collaborative
effort.

That same year and 4000 miles to the west, the Medical Device
Network, a precursor to Stanford Biodesign was launched. In
particular, Stanford Biodesign highlighted the importance of
bringing together multiple disciplines and clinical immersion.
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Their original program for postgraduates brought together an
MD, BME PhD, MBA, and JD for a year-long immersive
fellowship [29]. Since its founding, the Stanford model has been
replicated and evolved with diverse variations implemented in
the US and internationally taking shape in universities, hospitals,
and inside corporate offices [30].

The Coulter Translational Research Grant focused on the col-
laboration of a BME faculty member with a practicing clinician
to be eligible for the award. More importantly, the foundation
provided professional skills training to the awardees of the
grant known as Coulter College. Of particular note, the Coulter
Process focused on a funnel approach to reduce technical, reg-
ulatory, market, intellectual property, and reimbursement risks
[28]. Since its inception, the Coulter College evolved from a
focus on grant awardees to training for undergraduate students
and design faculty and further into the NIH Concept to Clinic:
Commercializing Innovation (C3i) Program [31], [32].

BME-IDEA was formed to address a growing interest among
BME faculty to share practices and learn together about how
to apply these emerging approaches to design in their teaching.
From an initial meeting of BME faculty interested in design
and entrepreneurship organized by Stanford Biodesign and Ven-
tureWell in 2003, a community of faculty convened under Ven-
tureWell’s auspices regularly to disseminate curricular models,
tools, and shared needs and interests. Among the resources that
have emerged to address the needs identified by this group
have been competitions for graduate and undergraduate students
[28]. The NIBIB Design by Biomedical Undergraduate Teams
(DEBUT) challenge is an annual competition organized in col-
laboration with VentureWell [33]. This competition recognizes
undergraduate excellence in biomedical design and innovation
and serves to highlight the collaboration and support by a private
nonprofit and federal government to incentivize innovative aca-
demic programs. The BME-IDEA community has grown over
the years spawning a network beyond the USA to encompass
BME-IDEA networks in Europe, the Asia Pacific region, and
most recently Africa. The topics of focus at network conven-
ings has expanded substantially to include professional master’s
degrees, doctorate programs, joint engineering and medicine
programs, and fellowships [34].

In addition to these four programs, several other external
organizations have contributed to the innovative growth seen
within BME over the past 20 years. The National Science
Foundation’s (NSF) Innovation Corps (I-CorpsTM) program
has had an especially profound impact. This program, based
on the LeanLaunch methodology developed by Steve Blank,
provides student led teams an experiential learning opportunity
focused on using customer discovery to identify and optimize the
potential for a scientific or technological innovation to scale [35],
[36]. The intensive team-based process has become ubiquitous
in introducing students and faculty to entrepreneurship and the
challenges of starting a business.

Today, BME professional skills training with a focus on inno-
vation can be found in undergraduate, graduate, and postgradu-
ate academic programs, at hospitals and clinics, in government-
funded programs, and in professional organizations. They
have emerged from the building blocks of CIMIT, Stanford

FIG. 1. Rendition of the RADx Tech Innovation Funnel to Evaluate
Testing Technologies for Covid-19 with data presented by Tromberg at
the January 26th, 2021 RADx Tech monthly update [11].

Biodesign, Coulter Translational Research Grants, and BME-
IDEA, and other foundational programs including I-Corps.

III. ORGANIZATIONAL STRUCTURE OF RADX TECH TEAMS

The RADx Tech process brings together key elements from
the foundation of biomedical professional skills. The process
includes a funnel, as seen in the Coulter Commercialization
Process [26]. Within each phase of the funnel is an iterative
diligence cycle developed by CIMIT, the Guidance and Impact
Tracking System (GAITS) [37]. GAITS ensures that key areas
of risk reduction, such as clinical, market/business, regulatory,
and technology, are progressing alongside product development.
The innovation funnel developed by CIMIT for RADx Tech
in conjunction with NIBIB opens with a weeklong intensive
Phase 0 referred to as “shark tank” or “deep dive,” followed by
a month-long Phase 1 focused on validation and risk reduction
and closes with a Phase 2 focused on clinical testing, regulatory
approval, and manufacturing scale up [10]. This funnel is pre-
viously shown in Fig. 1 and explained in detail by Dempsey et
al. in this special issue.

To implement this process, RADx Tech deploys teams of
independent experts that perform both due diligence and support
as applicants proceed through the innovation funnel. These
teams are organized into a hierarchical structure of a Portfolio
Executive (PE) that manages about four teams, each of which has
three members including a Team Lead (TL), Project Facilitator
(PF), and Assistant Project Facilitator (APF). The first teams
were assembled in May of 2020. Through January 2021, the
RADx Tech infrastructure included a total 28 teams managed by
6 PEs. Over this eight-month period, these teams implemented
the funnel through 137 Deep Dives, 47 of which proceeded into
Phase 1, and 30 of those into Phase 2 as shown in Fig. 1. For
brevity and as shown in Fig. 2 , this organizational structure
is referred to as ‘RADx Tech Teams.’ Throughout the first
5–6 months, each RADx Tech Team facilitated an average
of 4 to 5 unique projects. The range of innovations required
a breadth and depth of experiences and expertise, including
seasoned entrepreneurs, scientists, and engineers from the In
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FIG. 2. Organizational Structure of the RADx Tech Teams.

FIG. 3. The experience of the PEs and TLs as presented by Dempsey
at the January 26th, 2021 RADx Tech monthly update [11].

Vitro Diagnostics and Medical Devices sector. The efficiency of
moving projects through the funnel demonstrated the organiza-
tional structure of RADx Tech was built to tackle the formidable
challenge presented by the COVID-19 pandemic.

PEs serve as senior advisers and are drawn from a group of sea-
soned industry executives, serial entrepreneurs, and investors.
TLs include a group of experts with typically 20 to 30 years
of practical industry and entrepreneurial experience. While PFs
often possessed similar depth and breadth of experiences as TLs,
this role focused on technical expertise and project management
skills. Rounding out this group is the APFs, of which the majority
were recent graduates from BME programs. In the formative
stages of building the RADx Tech Teams, it was recognized that
including young professionals would be important to cultivate
the next generation of leaders with experience in a pandemic
response. It was also recognized that including these young
professionals would be a value add due to their familiarity in
managing a real-time multisite collaborative work environment.

IV. LEVERAGING RADX TECH FOR PROFESSIONAL

SKILLS DEVELOPMENT

The potential educational impact of RADx Tech was a pri-
ority from the formation of the initiative in keeping with the

educational mission of NIH. In May of 2020 with the support
of the POCTRN centers, RADx launched a webinar series.
These publicly available talks focused on topics from every
aspect of the initiative, including regulatory pathways, tech-
nology innovation, clinical trials, and market considerations.
Including the APFs in and of itself was a deliberate endeavor
to train the next generation of biomedical leaders. That effort
was quickly recognized as an invaluable experience for the
APFs in professional skills development and work readiness.
Most of the APFs with BME backgrounds had undergraduate
senior design and professional master’s program experiences in
managing the innovation process. For many of these early-career
professionals, this experience served as a real world bootcamp
from project proposal to commercial deployment.

It often takes several years in industry for early-career pro-
fessionals to experience the entire lifecycle of biomedical in-
novation and to explore a broad variety of technologies and
business models. In just a matter of months, APFs participated
in an average of 4 to 5 proposals, representing technologies
including polymerase chain reaction (PCR), lateral flow as-
say (LFA), enzyme-linked immunosorbent assay (Elisa), loop-
mediated isothermal amplification (LAMP), agglutination, nu-
cleic acid amplification test (NAAT), and other life science tools
and collection devices. Business models included point-of-care
diagnostics, reference labs, and over-the-counter testing. Each
technology and business model were accompanied by a whole
host of unique regulatory, clinical, and market challenges.

Academic translation programs that have an emphasis on pro-
fessional skills development have a shared goal with the RADx
Tech initiative in bringing innovations from the bench to the
market. However, a differentiator for RADx Tech is an additional
goal of seeing it through to that end. Developing strategies and
nurturing innovations comprehensively to commercialization is
important and often ambiguous work. Being part of an actual
product development endeavor that gets to market is a unique
experience that student and early-career APFs can learn from.

APFs were involved in a broad range of activities throughout
different phases of the funnel and often managed three or more
projects simultaneously. During the Phase 0 Deep Dive, APFs
contributed to literature reviews, patent searches, competitive
landscapes, and risk assessments that supported presentations
by TLs to the RADx Tech steering panel. This type of work
has previously been shown to contribute to work-readiness for
early-career BME professionals [38]. In Phase 1, projects shifted
to an accelerated technology verification and business risk re-
duction process. During this phase, teams vetted and devel-
oped plans, including technology performance, work plans for
commercialization, quality management system requirements,
product embodiment, and a use case analysis. The evaluation
and planning processes for these criteria unfolded over a four-
to six-week period and included detailed activities for each
criterion. For example, the work plan for commercialization
included aspects such as scaleup plans for production volumes,
timelines, milestones, supply chain management, and budgeting.
Notably, the use case analysis included an assessment by a
clinical review board consisting of seasoned medical practi-
tioners and scientists. APFs played a key role in information
management throughout this rapid phase of the RADx Tech
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process and experienced first-hand feedback from such expert
reviews. As projects moved into the scaleup and commercial-
ization activities of Phase 2, the RADx Tech teams focus shifted
from due diligence and planning to a role of project management.
APFs often had the primary responsibility of producing and
managing quad-charts, tri-charts, and databases to communicate
accomplishments, challenges, and support to ensure projects
were keeping up with aggressive timelines and meeting their
milestones.

Throughout all phases of the RADx Tech funnel, APFs partici-
pated in leadership meetings, viability review feedback sessions,
and a host of training sessions for managing a wide array of infor-
mation and reporting infrastructure such as GAITS. In addition
to learnings from the PEs, TLs, and PFs on their own project
teams, APFs also attended meetings that included external stake-
holders and consultants. These included C-suite and director
level executives, FDA representatives, regulatory consultants,
and quality systems experts. Throughout the process, the APFs
supported companies to establish good manufacturing practices
(GMP) and prepare for related certifications such as ISO 9001
and 13485. They supported teams in developing clinical studies
for emergency use authorization (EUA) submissions to the FDA.
They helped produce quality systems documents and procedures
such as hazard analysis and design history requirements. The
educational value of the APF experience throughout the RADx
Tech initiative is presumed substantial and further investigation
is needed to better understand the full significance.

Further, the RADx Tech initiative provided learning oppor-
tunities for more than just the APFs. Deep learning was also
experienced by PEs, TLs, and PFs throughout the RADx Tech
initiative. Furthermore, this learning environment was not only
seen within the RADx Tech teams, but also among team-to-team
interactions. In the first month of RADx Tech, the breadth and
depth of experience was recognized and a contact list of PEs and
TLs was assembled noting expertise across the group. If one
team was missing a key element, there was rarely a time that
they needed to reach outside of this network to find a subject
matter expert. The breadth and depth of this expertise is shown
in Fig. 4.

The educational culture reached beyond public webinars and
RADx Tech teams. Significant professional skills development
was afforded to the applicants in the innovation funnel. Many
of the applicants themselves were from the ranks of academia
including faculty and graduate students. The Phase 0 Deep
Dive process emphasized performing diligence and making
go-forward decisions not by technology alone, but considering
all aspects of market potential, regulatory burden, and clinical
testing needed to deploy. For many applicants with strong track
records of funding, it was often the barriers related to profes-
sional skills, not technology, that proved to be the biggest chal-
lenges for proceeding or not advancing through the innovation
funnel.

V. OPPORTUNITIES AHEAD

The papers included in this special issue highlight many
benefits and opportunities of the RADx Tech initiative. There is
significant opportunity for lessons learned during the COVID-19

FIG. 4. Visual showing the combined professional skills of RADx TLs
and PEs (N=53). The bar chart represents a weighted average of
expertise on a scale of 1 to 4, where 1 is basic knowledge and 4 is
subject matter expert.

pandemic to improve professional skills development for the
future generation of biomedical innovators and leaders. Current
faculty members that are exposed to the RADx Innovation
Funnel may begin to fully appreciate the importance of training
for development of applied solutions in a regulated environment
and minimize the existing tension with a traditional research
orientation. This could be achieved if new funding mechanisms
that have a focus on translation utilized the RADx Tech structural
model to vet, make funding decisions, and support meritorious
projects.

In such an environment, proposals not selected for awards
would have the benefit of feedback afforded by the process.
Those that are awarded would then have the chance for col-
laboration with the experienced members of the RADx Tech
Teams. On those teams, the BME graduates serving as APFs
will experience the immersive professional skills training as
described in this paper. The NIH has a history of supporting
professional skills development in BME, as exemplified by their
collaborations in the DEBUT competition, the C3i program, and
with I-CorpsTM. One such opportunity for a sustainable model in
furthering the education of the best and brightest BME graduates
is to develop an internship program for DEBUT winners that can
then serve APFs in a future rendition of the RADx Tech structural
model.

VI. CONCLUSION

There are many benefits of the RADx Tech initiative well
worth exploring beyond that of the current acceleration of diag-
nostic tests being developed and deployed to the nation. One of
those benefits has been the impact on work readiness for recent
BME graduates who have been hired as APFs and to the students
and faculty members on applicant teams. This model builds on
the exposure to design and innovation that is now a standard part
of the BME curriculum by providing an intensive immersion in
biomedical product development.
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Imagine a world where COVID-19 is behind us and RADx
Tech lives on. Is the RADx Tech organizational structure, funnel
process, and integration of APFs a replicable value add to
improve health and advance the nation’s economic wellbeing?
To that end, a survey study is planned. Opportunities such as a
RADx Tech APF post-graduate fellowship may offer a sustain-
able model to enhance work readiness for the next generation of
biomedical leaders. The RADx Tech innovation funnel process
can provide an educational opportunity for the faculty and
students participating in such a program if sustainable beyond
COVID-19.
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