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Abstract

The lack of diversity in engineering is a persistent problem with few signs of pending improvement. Efforts to promote
diversity in engineering schools have produced modest gains. Based on a commitment to be a change leader and fueled by
recent updates in ABET criteria to include diversity, equity, inclusion, and justice (DEI-J) as tenets of engineering educa-
tion, the biomedical engineering (BME) community needs to find new ways to address the issues of DEI for all groups in
our curricula. In an attempt to redesign engineering departments to be more inclusive of all student populations, institutions
of higher learning are reviewing programs, policies, and the ways they engage students. This paper provides BME programs
with some thinking about the integration of DEI into areas of curriculum, assessment, faculty practice and faculty support,
infrastructure, and climate for change. This study reports on curricular innovations attempted to date in order to serve as a
resource for biomedical undergraduate engineering curricula. The authors have collected critical resources and literature
related to integrating DEI into courses and content as well as assessment and evaluation approaches. Sections include
resources for BME design, diverse anatomy and physiology, person-centered language, ethics, and assessment and evalu-
ation approaches to measuring climate, faculty, and student impacts. In addition to providing resources, we propose that
the ABET DEI framework is missing a critical component: justice. We feel that justice should be emphasized, particularly
in biomedical engineering programs because our field has the unique opportunity to promote awareness of injustices and
racial disparities in the design, development, and delivery of healthcare and medical technologies. While this paper presents
examples of integration in several course types and across different topics, it is intended to inspire additional efforts by the
BME community to make more concerted changes to promote DEI in our educational programs.
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Graphical abstract

Graphical abstract demonstrating main themes and connections between different themes in the DEI-J framework presented

in the paper. Created with BioRender.com.
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Background

National Efforts to Increase Diversity, Equity,
and Inclusion in Engineering Curricula

Broadening participation in the engineering workforce is
critical to meet the needs of our diverse human popula-
tion. The workforce must be trained to work in diverse
and inclusive contexts where historically oppressed and
excluded voices and lived experiences are a valued part of
the engineering process. Diversity is now seen as a busi-
ness necessity driven by the globalization of industry, the
desire to have a workforce accepting a wide variety of
cultures, and the enhancement of the engineering design
process for product development [21, 23, 89]. To this end,
diversity research across many disciplines has produced
knowledge and practical examples of how to support learn-
ing for students from disadvantaged and marginalized
communities and produce more inclusive environments
for all students [5, 53, 65, 71, 72, 83]. However, there is
a barrier to addressing this need, namely the fact that fac-
ulty have almost absolute authority and autonomy to guide
what happens in their classrooms. Therefore, many believe
it is necessary to approach faculty resistance by focusing
on a systemic culture shift to a new system of educational
norms that drive more effective and widespread inclusivity
and equity practices in the classroom. Educational norms
such as the reliance on peer and student evaluations as
well as the expectation to participate in ongoing training
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for bias and diversity in the classroom are now commonly
required as part of a promotional dossier [1].

To address the need for increased diversity, equity,
and inclusion (DEI) in Science, Technology, Engineer-
ing, and Mathematics (STEM) education, guidance and
programming from the National Science Foundation, the
National Institute of Health, and the National Academies
have pushed for educational systems to fund programs that
aim to train new generations of engineers to address these
DEI challenges. While these programs have been success-
ful in increasing inclusive training and programming in
participating institutions, the impact is limited to those
who choose to participate. Recently ABET, Inc. has joined
other agencies in pushing for scale implementation of DEI
practices across all engineering programs by including
diversity, equity, and inclusion in their accreditation cri-
teria. Any ABET-accredited program will be required to
comply with the criteria to maintain accreditation, thereby
enabling the culture shift at the institution/systemic level,
rather than the individual faculty member level.

ABET, Inc. recently passed changes to two criteria, Cri-
terion 5: Curriculum and Criterion 6: Faculty, to include
diversity, equity, and inclusion principles as well as
included definitions of diversity, equity, and inclusion into
the accreditation definitions. These changes are published
by ABET in the criteria for the 2023-2024 accreditation
cycle [3] as follows:
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Definitions

Diversity is the range of human differences, encompassing
the characteristics that make one individual or group differ-
ent from another. Diversity includes, but is not limited to,
the following characteristics: race, ethnicity, culture, gen-
der identity and expression, age, national origin, religious
beliefs, work sector, physical ability, sexual orientation,
socioeconomic status, education, marital status, language,
physical appearance, and cognitive differences.

Inclusion is the intentional, proactive, and continuing
efforts and practices in which all members respect, support,
and value others.

Equity is the fair treatment, access, opportunity, and
advancement for all people, achieved by an intentional focus
on their disparate needs, conditions, and abilities.

It is noteworthy that the ABET criteria revisions do not
refer to Justice, which is achieving or striving to achieve
ongoing fairness while considering the impact of past injus-
tices. While not specifically included, we suggest that Jus-
tice also should be contemplated for integration within our
engineering curricula. As biomedical innovators, our field
has the unique opportunity to reflect on injustices visited
upon marginalized communities in the context of racially
linked health disparities [51] and biased development and
application of medical technologies [37, 76]. As educators,
we have the opportunity to teach practices to ensure that
these mistakes are not repeated and to create solutions to
redress persistent problems. Once exposed to the systems of
injustice within which they will work, biomedical engineers
will have more appreciation of how their career choices can
either perpetuate such systems or break them down [17, 67].
Accordingly, we elect to consider Justice in this article in
conjunction with diversity, equity, and inclusion (DEI-J.)

Criteria 5 and 6, with new DEI-specific content, are high-
lighted below with the new ABET added content italicized
and the removed content indicated as both italicized and
underlined [3].

Criterion 5: Curriculum

The curriculum requirements specify subject areas appro-
priate to engineering but do not prescribe specific courses.
The program curriculum must provide adequate content for
each area, consistent with the student outcomes and program
educational objectives, to ensure that students are prepared
to enter the practice of engineering.

The curriculum must include:

(a) A minimum of 30 semester credit hours (or equiva-
lent) of a combination of college-level mathematics and
basic sciences with experimental experience appropri-
ate to the program.

(b) A minimum of 45 semester credit hours (or equiva-
lent) of engineering topics appropriate to the program,
consisting of engineering and computer sciences and
engineering design and utilizing modern engineering
tools.

(c) A broad education component that complements the
technical content of the curriculum and is consistent
with the program’s educational objectives.

(d) Content that ensures awareness of diversity, equity, and
inclusion for professional practice consistent with the
institution’s mission.

(e) A culminating major design experience that (1) incor-
porates appropriate engineering standards and multi-
ple constraints, and (2) is based on the knowledge and
skills acquired in earlier coursework.

Criterion 6: Faculty

The program must demonstrate that the faculty members
are of sufficient numbers and they have the competencies to
cover all of the curricular areas of the program. There must
be sufficient faculty to accommodate adequate levels of stu-
dent—faculty interaction, student advising, and counseling,
university service activities, professional development, and
interactions with industrial and professional practitioners, as
well as employers of students.

The program faculty must have appropriate qualifica-
tions and must have and demonstrate sufficient authority to
ensure the proper guidance of the program and to develop
and implement processes for the evaluation, assessment, and
continuing improvement of the program.

The program faculty must demonstrate awareness and
abilities appropriate to providing an equitable and inclusive
environment for its students, and knowledge of appropriate
institutional policies on diversity, equity, and inclusion. The
overall competence of the faculty may be judged by such
factors as education, diversity of background, engineering
experience, teaching effectiveness and experience, ability
to communicate, enthusiasm for developing more effective
programs, level of scholarship, participation in professional
societies, and licensure as Professional Engineers.

Current State of Diversity, Equity,
and Inclusion Integration in Engineering
Curricula

The curriculum is a central piece of the training puzzle
educating a workforce ready to meet the needs of a global
marketplace. Isolated attempts have been made to revise
the engineering curriculum itself to promote diversity,
reinforcing the idea that engineering is focused on tech-
nical problem-solving for the benefit of humankind [21].
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The new ABET criteria changes would require programs to
include content that ensures awareness of DEI-J for profes-
sional practice as an engineer. The new curriculum criterion
emphasizes that awareness of DEI-J must be tied to profes-
sional practice as an engineer, which will increase discus-
sions and applications integrated into engineering curricula
rather than the current reliance on general (non-engineering)
education requirements to teach social and cultural context.
This integration of socially relevant concepts and applica-
tions into technical curricula has been studied extensively
and has been shown to increase the attractiveness of a cur-
riculum to underrepresented groups as well as communicate
the importance of diversity as an integral part of the engi-
neering profession [21].

There are established best practices for the adoption of
DEI-J in engineering curricula. A commonly held approach
is that the successful adoption of diversity and inclusion-
enhancing programs must begin with clearly defining the
problem of underrepresentation using data-driven analysis
[83]. Further, they recommend that efforts to promote the
adoption of diversity-enhancing classroom interventions
should start with faculty training designed to increase aware-
ness that diversity and inclusion are important for student
success and professional practice. The inclusion of faculty-
related elements into the new DEI-J criteria is aimed at
this aspect of implementation. By creating an awareness of
policies and practices conducive to implementing curricu-
lar changes, programs can hold individual faculty members
accountable for including social context and DEI-J content
in their technical courses.

Some fields, such as psychology and medicine, already
require diversity-related topics to be covered in the curricu-
lum as training for professional practice. In a study of 648
higher-education psychology instructors, researchers asked
instructors if they covered diversity-related topics and what
methods they used to integrate the topics into the classroom
[68]. The researchers found that 88% of faculty members
included diversity-related topics in lectures, and 85% used
class discussion as a means to instruct students on diversity-
related topics [68]. Only 15% of respondents claimed to use
active-learning models of teaching for diversity-related top-
ics. Another study looked at the use of syllabi, classroom
policies, and classroom-management approaches as a place
for the integration of diversity-related concepts [85]. The
study also asked faculty to identify barriers to implementing
diversity-related topics in their courses. Perceived barriers
were time constraints or balancing technical content with
diversity-related content (57%), lack of training or access
to resources for diversity-related content (36%), or a per-
ceived lack of fit concerning other content that needed to
be covered (21%) [85]. When asked what would help them
address the barriers, 48% of instructors responded that they
wanted workshops or training on how to incorporate into
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their specific content or courses and 32% wanted someone
they could turn to for guidance on incorporation or teaching
the content [85].

This paper aims to provide guidance on how DEI-J can
be incorporated into BME curricula with the forthcoming
ABET Ceriteria 5 and 6 updates in mind. We focus on three
areas for curricular integration (design, anatomy & physiol-
ogy, and ethics) as well as on assessment and evaluation of
DEI-]J efforts.

DEIl-sign

Per Criterion 5-d(e), all students who graduate from an
ABET-accredited program must have a “culminating major
engineering design experience that (1) incorporates appro-
priate engineering standards and multiple constraints and
(2) is based on the knowledge and skills acquired in earlier
course work” [3]. As our field progresses toward more inten-
tional and frequent integration of DEI-J into our engineering
practice, this knowledge will be regularly imparted through-
out students’ undergraduate educations. More specifically,
DEI-J is (or should be) an organic part of the engineering
design process, from how we uncover and select problems
to the resultant devices we design and testing that demon-
strates the efficacy and safety of solutions. With just a bit of
deliberation, one can reasonably see how DEI-J issues can
be readily integrated into the design and development of new
technologies. Additionally, by integrating DEI-J into design
education, programs might synergistically address the design
criterion with the new diversity, equity, and inclusion ele-
ments in the curriculum criterion (5-d).

As BME educators in ABET-accredited programs, many
design instructors employ some form of the Biodesign
process codified and popularized by Paul Yock and col-
leagues at Stanford University [92]. Through this iterative
process, schematically displayed in Fig. 1, innovators are
able to uncover problems (IDENTIFY), generate solutions
(INVENT), and devise strategies to translate findings to the
real world IMPLEMENT). We propose how DEI-J mat-
ters can and should be considered when devising biomedical
solutions and provide initial guidance on how DEI-J-sign
can be taught, and ultimately assessed, in preparation for the
eminent DEI-J considerations in Criterion 5.

Identify Identifying and evaluating needs present clear,
but often neglected, opportunities to bring DEI-J into design
activities. Because needs finding and screening are foun-
dational to design efforts, bringing diversity considerations
into play from the start makes these issues more integral to
the subsequent steps of the design process. Diversity and
inclusion in the needs stage can be emphasized by ensuring
that a variety of backgrounds and interests are considered
when deciding what sorts of needs will be pursued. These
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Fig. 1 Visual representation
of the Biodesign process as
defined by Yock et al. [6].
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considerations extend to both the design team members’
backgrounds as well as the persons who might drive or ben-
efit from a solution. This goes beyond simply pondering
diversity; the experiences and perspectives (particularly of
underserved and historically excluded groups), should be
welcomed, respected, and embraced. Issues may arise when
teams are homogenous, but diversity considerations with
design teams present an opportunity to emphasize empathy
within the design process. That is, by bringing in diversity
considerations, students and instructors should examine
issues from perspectives beyond their own for the sake of
enhancing their understanding of a design problem. For
example, given that engineering remains a male-dominated
field, one could foresee challenges with an all- or majority-
male team working on a women’s health challenge like an
early detection system for mastitis during breastfeeding.
While a group of undergraduate male designers might not
know about this issue due to youth and experience, this sort
of problem presents a unique opportunity for such a team.
The members of a team would have to learn about the under-
lying disease state fundamentals of this problem but would
also have to extend themselves to develop an understanding
of the needs of women. Students would have to empathize
to cultivate a nuanced understanding of the problem beyond
pathophysiology and solution deficits. Encouraging a multi-
perspective approach promotes diversity consideration and
will lead to more well-rounded, insightful engineers.
Striving for equity in needs finding emphasizes that
designers can define and evaluate needs free from preju-
dicial views. Objective analysis and elucidation of needs
are critical as this may overcome some of the discomforts
that often accompany addressing (what might be) sensitive
social issues, e.g., high maternal mortality rates for Black

ENGINEERIN
DESIGN
PROCESS

BRAIN-

STORMING

women [55] or how social issues like redlining have affected
the health outcomes in impoverished communities [52]. By
focusing on validated facts, the needs of underserved groups
can be explicitly defined and addressed. Finally, justice can
be achieved in design efforts by focusing on problems and
groups traditionally underserved. That is, by taking on chal-
lenges related to groups whose needs have been marginal-
ized or neglected, designers have the unique opportunity to
rectify healthcare disparities.

Identifying problems and needs that are informed by
DEI-J considerations can be challenging. Historically, the
needs of the underserved have not been considered, but
there is more information about the biomedical challenges
for these communities. For example, a PubMed search of
keyword terms “pulse oximetry” and “skin color” performed
on April 7, 2023, yields 111 results with 61 of these pub-
lications from the past 10 years. While only one specific
example, this sort of finding indicates that there is increasing
attention to an issue like potential racial disparities in pulse
oximetry. The increasing focus on healthcare shortcomings
for the underserved can provide some initial direction for
innovators embarking on these sorts of design efforts.

A process for incorporating DEI-J concerns into the iden-
tification phase of Biodesign largely depends on the iterative
development of a need. Design is inherently iterative, but by
repeatedly revising needs, including more specificity with
each pass, designers can clarify the issue that they are trying
to address. We propose that at least a portion of need revi-
sion should include examining if there are opportunities to
address the needs of diverse groups or to promote equitable
healthcare outcomes for those that are underserved.

If we consider a project need statement, framed using the
structure from [92], we define a need in terms of a problem
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that affects a specific population to achieve a desired out-
come (Fig. 2a). Utilizing this generalized structure, we find
opportunities to bring DEI-J into a need statement. We can
identify an underserved population whose needs might not
have been addressed in previous solutions to the problem.
By re-framing the population aspect for a specific group or
underserved community, we can bring diversity and inclu-
sion into the need (Fig. 2b). Similarly, by addressing the
need for a specific community, we can strive for equity and
justice in the need, which can be framed in the outcome.
The goal for the design efforts becomes about both address-
ing biomedical deficits while serving groups whose needs
have not been previously met. As an example, a generic need
statement and its DEI-J iterated counterpart might appear as:

Need We need a way to detect and track
moles for people in their home
to improve early monitoring of
pre-cancerous skin lesions.

DEI Iterated We need a way to detect and

track moles for darker-skinned
people whose moles appear in
hard-to-see locations, i.e., soles
of the feet, scalp, fingernail
beds, to improve early detection
and treatment of pre-cancerous
lesions, which have been shown
to be first detected at later, more
dangerous points for darker-
skinned persons.

By specifying that mole detection is for darker-skinned
persons, we focus the problem on the needs of underserved
groups, i.e., racial minorities or people with skin tones that
are not considered in dermatological training sets. It has
been shown that the difficulty in early detection of lesions
in darker-skinned people results in their advancing to
potentially deadly cancers, resulting in poorer healthcare
outcomes for these people compared to their fair skinned
counterparts [92]. This is a clear equity and justice issue that

Problem

A way to address

R Population

to achieve an

(a)

would be missed with the more generic version of the need
statement. While both versions of the need are sufficient, we
see how readily a DEI-J lens can be applied to a conventional
problem, adding specificity to the need. The DEI-J iterated
version of the need also provides an opportunity for innova-
tion focused on developing a solution for an underserved
group, potentially supporting similar healthcare outcomes
as the broader populace.

Invent DEI-J considerations can similarly inform the
development and testing of solutions, especially when inven-
tion efforts stem from intentional DEI-J needs. Creating
ideas during brainstorming presents opportunities for inno-
vation teams to encourage and appreciate ideas contributed
from different perspectives (diversity and inclusion). Also,
because effective brainstorming is inherently judgment-free,
the process promotes equity among team members. Solution
screening and selection embrace inclusivity by driving inno-
vators to apply design inputs (guidance) from underserved
stakeholders. Transitioning from a pool of ideas to testable
prototypes demands welcoming and including inputs from
diverse teams to create and refine devices. All of these activ-
ities can and should be done under the umbrella of achieving
justice by creating devices for underserved groups.

The invention phase of Biodesign presents an opportunity
to intentionally apply DEI-J in the selection of a prospective
solution. Brainstorming encourages the creative generation
of a large pool of ideas that may address a need. We gen-
erally strive to avoid over-constraining the idea generation
process, hence one might be hesitant to account for DEI-J at
this phase. Instead, we suggest first developing a varied set
of ideas. DEI-J considerations can be used in the process of
selecting which prospective solutions to pursue, i.e., screen-
ing and scoring ideas. For example, the pool of ideas can be
screened with respect to whether a solution would best serve
a broad population or an underserved group that is the focus
of a DEI-J iterated need statement. We can use DEI-J con-
siderations to initially screen the pool, taking a set of viable
ideas to smaller subset, all of which could address the needs

A way to address

Problem

Underserved

Population gEd Group

Meets Group’s

to achieve

Needs

(b)

Fig.2 a Convention formulation of need statement from Biodesign process. b Structure of need statement augmented by DEI-J-based iteration
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with diversity in mind. DEI-J could also be used in an idea
scoring activity. For example, when using a decision matrix
to select an approach, a scoring criterion could be related
to whether a solution would address the needs of an under-
served group. The criterion could be weighted to ascribe the
appropriate emphasis with regards to addressing the need.
Let us consider, a design team developing a device to
automate a capillary refill time test. Capillary refill time is
a qualitative diagnostic that doctors use to determine blood
flow and to detect shock. It largely relies on pressing a tissue
bed until it blanches and monitoring for restored flushing
of the tissue bed. In developing ideas for this problem, a
team might consider methods including a red color sensor
to determine when the skin flushes after pressing. While this
is a viable idea, it probably would not pass a DEI-J screen
because it might not be appropriate for darker-skinned users.
This would also present and opportunity for expanding an
idea set. With the DEI-J consideration, another version of
colorimetry could rely on examining when the tissue returns
to its previous color, not just reddening. Figure 3 provides
a visual of an example of how DEI-J can enhance ideation.
DEI-J also factors into prototype development and evalu-
ation. DEI-J should come into play from proof of principle
stages all the way through clinical trials. While we cannot
account for the specific needs of every prospective device
user, it is critical that we attempt to account for variability
in users, especially in developing devices for underserved.
Without contemplating these needs early and throughout
development and testing, we can be easily misled into con-
cluding that a solution will address the needs of different
communities. An excellent example of prototyping and test-
ing with diversity in mind comes from the Precise Advanced
Technologies and Health Systems for Underserved

Red Sensor :

PPG I
Laser Doppleri

PPG
Laser Doppler

Pale Sensor | BsleSenser

Temperature | Temperature

DEI-J Screen

Fig.3 Example of DEI-J considerations in idea screening, DEI-J
screen applied to idea pool for automated capillary refill time moni-
tor. Ideals that are not appropriate for a variety of skin tones do not
pass the screen.

Populations (PATHS-UP) Engineering Research Center
(ERC). One of the focus areas of this collective is the crea-
tion diagnostic devices for underserved groups. For diag-
nostic devices using optical techniques like pulse oximeters
and transdermal glucose sensors, the group is rightly inves-
tigating how skin tone, obesity, or other characteristics of
the target communities might affect the development and
performance of their technologies [14, 34, 70]. By consider-
ing the needs of their target communities throughout device
R&D, groups like PATHS-UP demonstrate the importance
of DEI-J in biomedical device design.

Implement We use Implementation to generally refer to
the activities that occur beyond the creation of a biomedical
solution, including but not limited to obtaining IP, regulatory
approval, and business strategy. Clinical testing and obtain-
ing regulatory approval are particularly important phases for
DEI-J considerations in MedTech development. The FDA
specifically promotes creating diverse populations in drug
trials to ensure that sample groups are representative of the
broader population [87]. It is reasonable to assume that simi-
lar guidance is, or should be, applicable to medical devices.
Getting underrepresented groups to participate in clinical
trials requires substantial cultural considerations of equity
and justice. The mistrust that groups may feel about medi-
cal testing due to previous injustices requires consideration
and respect to fully diversify study groups. For example,
we can consider COVID-19 vaccine hesitancy among Black
people. Despite Black Americans being among the groups
worst impacted early in the pandemic, with mortality rates
2.5 times that of the general population, their reticence about
getting the vaccine was comparable to White counterparts
[51]. While a host of factors give rise to resistance to adopt-
ing this life-saving biotechnology, as biomedical innovators,
we may consider factors such as: (1) the historic medical
injustices related to medical innovation, e.g., the Tuskegee
Syphilis study, and (2) issues with testing vaccines in under-
served communities. With justice in mind during testing and
regulatory approval, issues associated with hesitancy could
be pre-emptively addressed.

It is widely recognized that, despite representing increas-
ing proportions of the population, disparities persist in the
number of women and underrepresented minority (URM)
patent holders [37, 46]. These deficits redound to the types
of disparities in (medical) technologies that may not appro-
priately serve broader communities. Inventorship and intel-
lectual property (IP) represent the type of meritocracy
that quality DEI-J efforts should strive to achieve. That is,
because inventorship cannot be attributed without an explicit
definition of contribution to an invention, increasing the
number of women and URMs that hold patents is a reflec-
tion of successful diversification. We assert that increasing
the pool of inventors requires diverse groups where inclu-
sion is emphasized, allowing traditionally underrepresented
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members to develop their contributions to the point where
they can attain IP.

Business planning and market analysis for underserved
communities present particularly interesting challenges.
Because DEI-J efforts often pertain to underrepresented
groups, the sheer number of persons who might benefit from
these solutions can be low, making it difficult to establish
that these needs are financially viable, resulting in DEI-J
considerations being considered altruistic endeavors. For
example, even though children’s healthcare is an important
need space, the number of afflicted children is often so low,
not provide sufficient incentive to pursue these needs. The
challenge for the innovator will be in ascribing some value to
achieving justice and providing equitable access to solutions.

A table that summarizes possible DEI-J integration into
each design phase is included in the supplemental materials
(Online Resource 1).

Incorporating Diverse Examples Throughout
Undergraduate Courses

Another possible avenue for incorporation of DEI-J in Bio-
medical Engineering Curricula involves the continual recog-
nition of how racial, gender, socioeconomic, and geographic
diversity of experience informs anatomy, physiology, dis-
ease, and disability. These topics are relevant in design
classes, as has been discussed already in this paper, but they
have also been successfully incorporated into core engineer-
ing and elective courses [43, 74, 81, 88]. For example, the
mention of the hidden bias in pulse oximetry due to patient
skin color during a core course (mass and fluid transport)
creates an opportunity for discussion [46]. Not only does it
relate to coursework directly as an example of blood oxy-
genation and saturation, but it also highlights the importance
of diversity-conscious clinical care and reminds students
that current clinical decision-making was structured around
devices built for homogenous populations. This creates an
opportunity for reflection and ties into the importance of
inclusive design in other courses. Similar conversations can
occur in biomechanics classes around the anatomical dif-
ferences between those who are assigned male or assigned
female at birth. Perhaps the most well-known examples are
the biases against female and pregnant persons when verify-
ing vehicle safety [15, 16, 66]. The inclusion of such exam-
ples in a technical class provides an opportunity to solve
the biomechanical effect of sex or pregnancy while also
highlighting the need to think inclusively when approach-
ing biomedical engineering problems. Another example
includes a thorough investigation of machine learning and
artificial intelligence training data for bias in imaging stud-
ies. Whether for dermatologic [40] or endocrine [50] diag-
noses, a “bias in, bias out” framework is important to discuss
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in bioinformatics or imaging classes. These conversations
can prompt students to think critically about the models they
choose to develop and use throughout their careers in pro-
fessional practice. Collaboration with faculty members in
public health, sociology, policy, and other departments can
yield not only more diverse classroom discussions but also
introduce our students to the diversity of thought more gen-
erally. Similarly, focusing on low-resource settings in bioin-
strumentation courses or health disparities in device design
courses can infuse multi-year curricular elements with
issues of justice, equity, inclusion, and diversity. Through
these curricular integrations, we continue to acknowledge
the impacts that diversity plays not only in the lived experi-
ence of others but also in creating more equity-minded and
inclusive engineers.

Inclusive Language

The use of inclusive, “person-centered” language can be a
subtle but important way to consider the diversity associated
with disability and to enhance equity and inclusivity in the
engineering classroom. It is a framework in which the indi-
vidual is referred to before their disability, thus acknowledg-
ing that any person is not primarily defined by their disabil-
ity. This, in conjunction with the use of common, respectful
terms such as “wheelchair user” instead of outdated terms
such as “handicapped” or “wheelchair-bound” [2] is an
important and deliberate choice to center and respect the
population that is being referred to within curricula. Indeed,
several studies have found that stigmatizing language is
found broadly in academic and clinical publications [7,
41, 42, 63, 84], which highlights the importance of using
person-centered language early and often to build an under-
standing of its importance. Awareness of the appropriate
terminology is also particularly relevant when considering
design or clinically oriented courses in which students may
be working with actual persons with physical, cognitive,
or emotional disabilities. By emphasizing person-centered
language, we are training students to speak to community
partners, clients, sponsors, and clinicians more appropriately
and are enhancing their professional development.

Awareness of DEI-J Through Ethics

Ethics education can be a logical place in a BME curricu-
lum to bring awareness to issues of DEI-J [73]. Ethics is
understood as the intentional consideration of what is the
right thing to do that is supported by attention to principles,
values, and purpose in a specific context. As most BME
programs are already integrating ethics education into their
curricula, addressing DEI-J issues in this context can be both
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efficient and effective. Although the application and teaching
of the four principles of biomedical ethics (non-maleficence,
beneficence, respect for autonomy, and justice) have varied
widely in BME, their relevance to the field can be easily seen
[8]. Linking these principles to DEI-J provides an opportu-
nity to help students develop a practical understanding of
these four principles by providing real-world context [9, 20].
For example, biomedical engineers cannot completely evalu-
ate the safety (non-maleficence) and effectiveness (benefi-
cence) of novel medical technologies without considering
DEI-J given that FDA guidance for the med-tech industry
includes standardizing the approaches for collecting and
reporting diversity data concerning medical device testing.
As with clinical trials, the FDA expects med-tech developers
to enroll participants who reflect the demographics for clini-
cally relevant populations with regards to age, gender race,
and ethnicity” and devise plans for inclusion of relevant sub-
populations [27, 33, 36]. This FDA guidance can be used as
a teaching resource for creating awareness of DEI-J issues
by students preparing for professional practice. Similarly,
biomedical engineers cannot ethically practice respect for
autonomy and justice without considering DEI-J issues. An
effective ethics case study for biomedical engineering that
deals with issues of choice, equitable distribution, and global
access is Merryman’s ‘Development of a tissue-engineered
heart valve for pediatrics” [58].

Teaching ethics in coordination with DEI-J also contrib-
utes to the professional preparatory aspects of engineering
education. Companies increasingly recognize that well-man-
aged diversity, equity, and inclusivity efforts are important
for better outcomes in organizational productivity [24, 45],
resilience [12, 30], and economic success [11, 62, 64]. Many
companies now make attempts to address DEI-J issues in
a variety of ways, including via their codes of ethics. An
organizational culture that values and supports diversity,
equity, and inclusion contributes to better ethical outcomes
for a company [44, 57]. These findings can be important
aspects to include in courses on professionalization for bio-
medical engineers as they prepare for careers in high-stress
companies developing medical technologies in an intensely
competitive and regulated market.

Assessment and Evaluation of DEI-J Efforts

An important first step in assessing and evaluating program-
ming in DEI-J is to do a pre-assessment. For faculty, it is
important to understand the awareness and perceptions of
faculty before starting new programming. Gay states that
“the first principle of practice is that personal and profes-
sional belief about diversity based on race, ethnicity, lan-
guage, culture, social class, and nationality shape instruc-
tional beliefs” [38]. Another pre-assessment that can be done

is to curate a collection of course artifacts such as course
syllabi, schedules of topics, quizzes, exams, or other assess-
ments. In these collections of materials, a program can keep
a count of courses that include DEI-J concepts, what top-
ics are covered, what topics are assessed, and evidence of
inclusive teaching practices. Examples of inclusive teach-
ing practices may be seen in a syllabus such as courses that
include Universal Design for Learning (UDL) principles and
multiple modes of representation for enhanced accessibil-
ity of teaching materials or courses that include a diversity
statement [54].

Climate and Culture of Department Assessments

While a change in individual faculty member behavior and
courses is certainly beneficial, enduring change is systemic,
where the impacts go beyond the classroom to policies, prac-
tices, and culture [29]. This makes the department level the
ideal unit for DEI-J integration into education. Similar to the
continuous improvement practices where faculty measure
and reflect on achievements in student learning outcomes,
measuring, and tracking the department climate leads to
meaningful change. An example of this process in practice
can be seen through a project formed by the National Sci-
ence Foundation (NSF), the National Institute of General
Medical Science of the National Institutes of Health, and
the Howard Hughes Medical Institute called the Partnership
for Undergraduate Life Sciences Education (PULSE) [19,
29]. The PULSE Program was designed to provide under-
graduate life science departments with a framework for
assessment and guided self-reflection in climate for change
including assessment rubrics to assess curriculum, assess-
ment practices, faculty practices, support, infrastructure, and
climate for change [19]. PULSE added new rubrics specifi-
cally focused on DEI-J in 2022 to address a gap in the tools
available to departments to measure DEI-J efforts [18]. The
DEI-J Rubrics focus on many of the same areas with atten-
tion to DEI-J. For instance, the curriculum rubric focuses on
the integration of high-impact practices and inclusive peda-
gogy as well as the inclusion of racially diverse perspectives
and bias in curricular topics. The faculty rubric includes
measures for faculty awareness of terminology, availability
of faculty professional development related to DEI-J, and
opportunities for faculty to engage in anti-racism work. The
climate for change rubric focuses on recruiting and retain-
ing faculty, addressing bias in policies, and ensuring equity
across marginalized identities [18]. Additionally, the PULSE
program encourages formative annual assessment and self-
reflection every year with a summative assessment every
5 years—a cycle that aligns nicely with the 6-year ABET
cycle. While not exhaustive, the PULSE DEI-J rubric will
help departments begin to properly assess the current state
of their DEI-J efforts and help support departmental growth.
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The PULSE system can be used along with many of the
methods described below for student and faculty assess-
ments for a comprehensive frequent, ongoing assessment
of the program.

Student Assessments

To assess the student experience in a program, there are
many ways that one can assess the environment related to
DEI-J. Following are some assessments that can be used to
assess the student experience and monitor changes over time
as changes are made to the curriculum and faculty training.

Belonging is described as a student’s perceived social
support on campus, a feeling or sensation of connectedness,
the experience of mattering or feeling cared about, accepted,
respected, valued by, and important to the group (course,
program, campus, or community) or others in the context on
campus (e.g., faculty, peers) [77, 82]. Belonging and inclu-
sion are synonymous in terms of identifying perceived cul-
tural norms and identification with a field [77]. An important
tenet of the sense of belonging and inclusion is that they
are context-dependent [60]. In other words, individuals can
experience a sense of belonging to various contexts simul-
taneously, and levels of belonging in these various contexts
can have an impact on each other, much like the intersec-
tionality of identities [77]. Additionally, a sense of belonging
to specific contexts (e.g., a classroom, major, or graduate
program) is positively associated with academic persistence
[91]. Many have shown that short belonging surveys for spe-
cific and surrounding contexts can be monitored over time
in a program in engineering, even in less formal settings like
workshops and conferences [47, 77, 91].

Another measure that partners with belonging is psy-
chological safety. Psychological safety is often measured in
team environments to assess a shared belief that the team
is a safe space for interpersonal risk-taking [32]. Further,
psychological safety has been shown to facilitate learning
behavior in team or class environments because it allevi-
ates concern about others’ reactions to actions that have
the potential for embarrassment or threat, which learning
behaviors often have [10]. Edmonson’s 7-item questionnaire
is often used for this purpose, to understand the risk-taking
behavior of each student, team, or class as a whole. The
survey presents positive and negative team statements such
as, “If I make a mistake in the team, it is held against me,
“It is safe to take risks in this team,” and “Working with
members of this team, my unique skills and talents are val-
ued and utilized” and asks patients to respond on a scale of
strongly disagree to strongly agree. Another similar concept
is to measure whether a learning environment is a respectful
environment. This can be measured using social presence
and can be integrated into early informal feedback to check

@ Springer

in with students for different types of learning activities and
varied learning spaces, including online learning [69].

Faculty Assessments

A modified version of Andersen’s [6] affective learning
scale has been shown effective at measuring participants’
attitudes about diversity and their perceptions of prepar-
edness for dealing effectively with diverse learners in the
classroom [75]. Similar to Bloom’s Taxonomy [49] learning
scale, Andersen’s learning scale measures the progression
in the depth of a skill using descriptions of behaviors and
actions that can be measured in practice through observation
or measured by a survey to capture student perceptions [75].
The affective scale moves from receiving, a willingness to
pay attention, to responding, reacting voluntarily or comply-
ing, to higher level skills like organization, rearrangement
of value system, to characterization by value, incorporation
of value into life [75]. The survey asks questions about their
attitude toward diversity training their attitude about the
behaviors recommended in my program, their likelihood of
attempting to engage in the behaviors, etc. [75]. The survey
instrument used to assess Andersen’s scale was shown to be
effective at comparing pre/post-results to evaluate training
or programmatic changes.

Another way to evaluate training effectiveness is to assess
faculty integration of the training and concepts into and out-
side of classroom activities. There has been a push to for-
malize recognition of faculty for work in DEI-J for some
time. In 2016, there was a movement in higher education
calling for requirements in the tenure promotion process
for valuing DEI-J-related work [1]. Many schools followed
suit and instituted formalized processes, including Pomona
College, Rutgers University, and the University of Illinois
Urbana Champaign [35, 80]. The University of Illinois has
included DEI-J requirements into annual review criteria and
tenure promotion requirements for all faculty [60]. These
criteria are publicly available as well as the guides for how
DEI-J will be used in promotion cases [25, 39].

Classroom Assessments

Another method of evaluating the effectiveness of teaching
interventions is using teaching evaluations. Many large insti-
tutions have begun to include DEI-J-related items related
to inclusive behavior and diversity topic coverage in their
standard teaching evaluations [49]. There are many exam-
ples in literature, but one example related to biomedical
engineering is from Crandall in the MedEd Portal [26]. This
paper outlines diversity topic coverage in a 1st- and 2nd-year
medical curriculum. The activities and materials evaluated
spanned case examples, problem sets, class discussions,
etc. some with minor changes, such as changing the race
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or ethnicity of the patient discussed, using ethnic names for
patients or in examples in class, and discussion of diseases
and disorders that disproportionately affect certain cultures
in the curriculum, similar to the authors recommend in this
paper. Crandall includes in the resources for this paper the
examples used in the courses as well as grading rubrics for
DEI-] items, learning contracts, as well as course evaluation
items used to assess the effectiveness of the coverage [26].

Discussion

This paper describes several ways in which biomedical cur-
ricula can integrate and emphasize diversity, equity, and
inclusion to create student awareness and aid in professional
preparation for future careers and professional practice.
Herein are examples of integration in varying course types
and across many different topics, the paper is the beginning
of efforts that will continue to grow in the coming years as
programs make more concerted efforts to promote DEI in
biomedical curricula.

While this paper focuses on curriculum and assessment
changes that BME curricula can use to enhance coverage of
DEI-J topics, there is also a need for broad change in infra-
structure and systems that support BME departments. This
has been called to the forefront in many recent publications
citing the need for attention and research to address gaps in
gender inequity of health care solutions and lack of support
for female scientists as well as lack of funding for black
scientists [48, 59, 90].

As mentioned previously, the focus of these changes is
not limited to academic environments, the impact is on edu-
cating the future workforce to revolutionize professional
practice as well. As such, there has been an increase in the
implementation of training and culture shifts in the engineer-
ing practice [12, 45, 86]. The professional code of ethics, as
authored by the Biomedical Engineering Society also seeks
to educate and promote ethics across the community [13]. In
2021, the code of ethics was updated specifically to include
language around diversity, respect, and professional behavior
standards [13].

By taking a multipronged approach to the integration of
DEI-J in BME Programs, the trajectory of healthcare innova-
tions can be revitalized by a new generation of BME work-
force who are prepared to implement strategies leading to
impactful long-term changes.

Citation Diversity Statement

Recent work in several fields of science has identified a bias
in citation practices such that papers from women and other
minority scholars are undercited relative to the number of

papers in the field [22, 28, 31, 56, 61]. Here, we sought
to proactively consider choosing references that reflect the
diversity of the field in thought, form of contribution, gen-
der, race, ethnicity, and other factors. First, we obtained the
predicted gender of the first and last author of each reference
by using databases that store the probability of a first name
being carried by a woman [31, 93]. By this measure (and
excluding self-citations to the first and last authors of our
current paper), our references contain 31% woman(first)/
woman(last), 31% man/woman, 19% woman/man, and
19% man/man. This method is limited in that (a) names,
pronouns, and social media profiles used to construct the
databases may not, in every case, be indicative of gender
identity and (b) it cannot account for intersex, non-binary,
or transgender people. Second, we obtained predicted racial/
ethnic category of the first and last author of each reference
by databases that store the probability of a first and last name
being carried by an author of color [4, 78, 79]. By this meas-
ure (and excluding self-citations), our references contain 2%
author of color (first)/author of color(last), 9% white author/
author of color, 20% author of color/white author, and 69%
white author/white author. This method is limited in that (a)
names and Florida voter data used to make the predictions
may not be indicative of racial/ethnic identity, and (b) it
cannot account for Indigenous and mixed-race authors, or
those who may face differential biases due to the ambiguous
racialization or ethnicization of their names. We look for-
ward to future work that could help us to better understand
how to support equitable practices in science.
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