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ABSTRACT OF THE THESIS
DEI without Equity: Lab Coat Culture and Persistent Racism in Bioengineering Laboratories
by
Rene Canady
Artium Magister in Sociology
Sociology
Washington University in St. Louis, 2022
Professor Adia Wingfield, Chair

From biased algorithms to discriminatory devices to medical racism, it is clear that biomedical
products are created in ways that reproduce racial disparities in access and use. Yet the most
common solutions recommended by biomedical research institutions emphasize diversity, equity,
and inclusion practices that research has already proven ineffective and sometimes harmful. In
fact, labs rarely scrutinize whether and how their research products reflect racial bias,
assumptions, or ideals. In this paper, I shift the focus to consider how bioengineering laboratories
function as a site in which racial processes contribute to product outcomes. | ask, what are the
racial dynamics in the bioengineering laboratory, and how, if at all do they shape the biomedical
innovations that they produce? By interviewing 47 bioengineers and completing 3 laboratory
ethnographies, | uncover the racial attitudes and perspectives that exist in the sites of production
of biomedical technologies. | show that through the pipeline of biomedical production, race is
continually altered in context, resulting in a distinct bioengineering culture around racial health
equity. Ultimately, this paper contributes to literature about race in organizational studies and
science and technology studies, while emphasizing the construction and reconstruction of race in

bioengineering research.
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1 Introduction

While it has always been present, medical racism has, of late, become a more visible part

of the health care system. Health care practitioners and professional associations representing
health care professionals have begun to highlight the ways that biases, presumptions, and
stereotypes among health care workers contribute to stark racial disparities in outcomes, care,
and even life expectancies. Black Americans are 1.5 times more likely to have peripheral arterial
disease, Black women are up to four times more likely to die of pregnancy related complications
than white women, and the average life expectancy of African Americans is four years lower
than the rest of the U.S. population (Ahmad et al. 2021; Chambers et al. 2019; Virani et al.
2021). These data suggest that medical racism is a significant, pervasive problem that stands to

have life threatening consequences for subsets of the population.

Despite that medical racism is well known, most research on how it is perpetuated centers
health care providers and excludes biomedical spaces of production. This means that researchers
understand how health care workers’ perceptions and biases contribute to differential care, but it
is much less understood how biomedical devices, products, and tools contribute to the health
disparities that persist in the US. Yet bioengineering laboratories are organizations that rely
heavily on social interactions and collaborative projects to create biomedical products. The
development of both novel and ubiquitous biomedical products has massive impact on the entire
biomedical field, including surgery performance, routine medical procedures, and over the
counter treatments. Laboratories, typically embedded in research universities, hospitals,
companies, and other institutions, are key spaces that produce these products that are widely used

in health care and perpetuate racial disparities (Benjamin 2019; Challen et al. 2019). Thus, in
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order to gain a more comprehensive look at how medical racism is perpetuated, it is essential to
look at labs as sites of production and their role in perpetuating medical racism through the

devices they create.

In this study, | examine the racial dynamics in the bioengineering laboratory in order to
assess how these dynamics shape the production of biomedical devices. By examining
bioengineering laboratories as racialized spaces that grapple with DEI initiatives in highly
contextual ways, | show that interactions in the lab are critical to the production of devices that
perpetuate the social construction of race. Consequently, this work sheds light on an
understudied aspect of medical racism by highlighting the process by which biomedical products

are created and perpetuate racial disparities.



2 Theoretical Framework

2.1 Racial Diversity in Organizations and Occupations

2.1.1 Organizational Culture
Organizational culture in labs is understudied but has implications for how biomedical

products perpetuate disparities. Organizational culture is conceptualized as the set of widely
shared norms that can shape members’ attitudes and behaviors as a system of control (Chatman
and O’Reilly 2016) and its literature has been robustly developed to both understand and change
workplace dynamics. To accomplish tasks, organizations rely on collective values that
rationalize the expected behavior of its members, who defer to authority. Behaviors are
reinforced by social approval and disapproval, where members avoid the risk being alienated by
the group. Because organizations have implicit and explicit norms that are shaped by race,
gender, and class systems, they reproduce those hierarchies amongst their members.
2.1.2 Racialized Organizations

While most extant descriptions of organizational culture say little about the role of race
and racism in the workplace (Cameron and Quinn 2011; Chatman and O’Reilly 2016), we know
that organizations are far from race neutral (Timmermans and Kaufman 2020). Ray (2019)
expands on organizational culture by revealing that organizations have norms and values steeped
in whiteness and racism. Ray (2019) argues that organizations become racialized due to
segregation of resources, a decoupling of organizational rules from actual practices, whiteness as
a credential, and diminished agency for racial minorities (Ray 2019). White institutional spaces

are characterized by racialized exclusion, racial symbolism, explicit and tacit discrimination, as



white norms and practices that shape the subjective experience of organizations (Evans and

Moore 2015; Moore 2008; Ray 2019).

For example, an entry level engineer can only gain promotions by having good rapport
with management; members of which who are vast majority white. The promotion decisions that
affect the engineer will reproduce racial disparities because management is likely to base
promotion on subjective standards and are biased towards those like themselves (Whysall 2018).
These practices are decoupled from institutional policies, which neglect race altogether, or
explicitly ban racial discrimination, creating a large tension between organizations stated culture
around racial equality and the lived experience of its racial minorities. Black professionals
regularly report perceiving discrimination that prevents job promotion and increased salaries
(Mong and Roscigno 2009; Pager and Shepherd 2008; Roscigno, Garcia, and Bobbitt-Zeher
2007; Whysall 2018; Wingfield 2009), stifling career mobility. Thus, both hiring and retention
practices result in underresourced and unstable careers for minorities that leave them with little
agency to influence workplace decisions. While equal opportunity practices are the stated
interests of employers, their hiring standards ultimately favor those with greater connection to
white people, making whiteness a credential.

2.1.3 Diversity as a Historical Barrier to Racial Equity

The racialization of organizations is not only mediated through, but institutionalized by
contemporary diversity, equity, and inclusion (DEI) efforts (Rahim 2020). Despite their stated
intentions, DEI measures have created and maintained barriers to racial equity within the
workforce since their infancy in the post-Civil Rights era. The Civil Rights movement, though
fueled primarily by working class activism, spurred organizational measures affecting mostly

white-collar workers and the middle class (Morris 1984). Legislation in the sixties included the
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1965 Affirmative Action executive order and the 1964 Civil Rights Act. Politicians who shaped
the legislation required equal opportunity in law, education, housing, and employment, but
intentionally neglected to provide a tangible definition of what compliance would look like
(Dobbin 2011). When minorities laid charges against organizations for non-compliance, courts
and law enforcement subsequently sided with elite institutions, such as in the Bakke decision,
where racial quotas in organizations were deemed unconstitutional. This decision, among other
court cases, turned power into the hands of hiring managers by letting companies determine how

affirmative action would tangibly be applied.

Additionally, the federal government decided to not form a regulatory agency for
workplace equity. Instead hiring personnel created their own programs on diversity, equity and
inclusion, selectively applying information from activists and scholars (Dobbin 2011). Rapidly
expanding, DEI programming became the standard for workplaces and personnel created careers
for themselves. At the same time, unions were decreasing in presence, changing the conversation
and action around workplace racial equality (Rosenfeld and Kleykamp 2012). This separation
between the original goals of advocating for affirmative action and the practice of racial equity

and inclusion allowed discrimination to continue—alongside the building of DEI institutions.

The Bakke decision weakened affirmative action legislation and set the stage for DEI as
it is today (Dobbin 2011; Moore and Bell 2011; Rahim 2020). While striking down the use of
racial quotas and ignoring historical discrimination as a compelling justification to use race in
higher education admissions, Justice Lewis Powell suggested the ambiguous goal of diversity
instead. Bell and Hartmann (2007) argue that diversity discourse has continued within a frame
that fundamentally excludes racial inequality, white power, white privilege, and the racial

hierarchy that exists within organizations (Bell and Hartmann 2007). Moore and Bell (2011)
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argue that diversity discourse has gravely stalled racial reform by imposing boundaries around
discourse on progressive racial policies, leading to understandings of “diversity without
oppression” (Moore and Bell 2011). Decoupling common law tradition and the power to enforce
equity has allowed DEI to grow rapidly as a profession, while organizations largely continue to

remain nondiverse, unequitable, and exclusionary.

This research indicates that organizations, far from being neutral, bureaucratic spaces, are
actually racialized in their allocation of resources and agency, credentialing, and organizational
practices. Yet many organizational spaces fail to deal directly with these implications, and
instead prefer to import measures that focus broadly on diversity rather than addressing systemic
racial issues that perpetuate disparities. Bioengineering laboratories best illustrate this
phenomenon because not only do they produce products and processes that contribute to racial
health disparities, but their organizational norms and values suggest commitment to solving
social problems without attention to systemic oppression. This study considers these implications
for bioengineering labs that create biomedical innovation by examining how labs function as

racialized spaces, and the implications for the products they create.

2.2 Critical Race Code Studies and the New Jim Code

Due to both intersectional and interdisciplinary approaches, critical thought on the impact
of race, class, and gender floats in the margins of scientific, biomedical, and technology studies
(Benjamin 2016, 2019). Sociologists have only recently begun to collectively consider the
racialization of science and technology and how technological advancements can perpetuate
racial hierarchies and inequalities. Coined by Ruha Benjamin, race critical code studies combine
critical race theory with science and technology studies. Race critical code studies scholars are

all ultimately skeptical of technology as a fix to racism and have assessed the role of technology
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in maintaining oppressive and carceral systems (Benjamin 2016; Hamilton 2020; Noble 2018;
Roberts 1998, n.d.). Benjamin defines the New Jim Code as: "The employment of new
technologies that reflect and reproduce existing inequities but that are promoted and perceived as
more objective and progressive than the discriminatory systems of a previous era” (Benjamin
2019). As a part of race critical code studies and the New Jim Code, Benjamin (2019) carves out
4 levels of racialized technology design that range from biases produced by explicit intention to
more insidious reproduction of harmful assumptions and reifications.
2.2.1 Engineered Inequity

Engineered inequity, the first level of the New Jim code is defined as the explicit
amplification of social hierarchies. This is best demonstrated by the redesign of the spirometer,
the biomedical device for lung capacity. Though invented in Britain, a setting for race was added
by recommendation of insurance companies in the United States so that the readings would
produce lower for Black Americans (Braun 2015). The companies would then justify the
cancerous pollution of Black communities and deny their health risks with the new reading
(Braun 2014).
2.2.2 Default Discrimination

The next level of the New Jim code is default discrimination, in which the process
of discrimination grows out of socially and historically ignorant design processes. For example,
voice recognition devices often fail to comprehend Ebonics that African Americans and other
groups (Topaz et al. 2018). Other English dialects are also misread, but this issue is
misrepresented as a “glitch” in an algorithm that is otherwise perfect (Benjamin 2019). However,
failure to understand the diversity of American language is a huge problem that would require

the retraining of voice detection algorithms everywhere (Mengesha et al. 2021). While medical



malpractice is a consequence of default discrimination, designers of such technologies pay
attention to quick technological fixes instead of the systemic nature of their design flaws.
2.2.3 Coded Exposure

Coded exposure is the third level of The New Jim code, where race is explicitly
addressed in technology design, but in a way that fundamentally reproduces the current racial
order. Coded exposure is best represented by biometric databases, which store DNA samples,
fingerprints, and photos of people for surveillance. While biometric databases are regularly
redesigned to serve a variety of institutions, national governments use the same technology for
carceral purposes, including the denial of British citizenship to Africans, the de-enrollment of
Native Americans from tribes, and the building of biased suspect databases for police (Benjamin
2016, 2016; Eubanks 2019; Roberts 2011). Additionally, visual technologies that can analyze
pale faces but register dark skin as “other” provide only certain forms of visibility to racial
minorities also demonstrate default discrimination. This visibility is amplified by the designer’s
desire to exploit race for financial gains (Benjamin 2019; Noble 2018; Roberts 2011).
2.2.4 Technological Benevolence

Technological benevolence is the most insidious level, where “tech products that offer
fixes for social bias yet still reproduce or deepen social bias” (Benjamin 2019). The potential for
biomedical devices and other technologies to cause harm in communities of color is well
documented. Technological benevolence is best exemplified in genetic engineering advances,
which have been well-documented as intense attempts to remedy social issues (Benjamin 2009;
Bliss 2012; Nelson 2018; Rodriguez-Mufiiz 2016). Nelson (2018) detailed several racial

reconciliation projects that aimed at social inclusion of African Americans through genetic



testing, including slavery reparations lawsuits, social inclusion in the pan-African world, and

global citizenship.

While race reconciliation projects exist for the stated goal of social justice, critical code
race scholars explicitly caution the uncritical use of biomedical products and list their failures
and limitations. For example, genetic testing is frequently praised as the future of personalized
medicine, yet it has been repeatedly stated that scientists cannot identify distinct races within
one’s genetic code (McLean 2021b; Nelson 2018; Roberts 2011). Additionally, countries of
origin identified by personalized genetic testing are not accurate, and do not change the racial
ideas of Black individuals or White nationalists (Nelson 2018; Panofsky and Bliss 2017). This
data suggests that genetic testing produces mixed results and can simultaneously reinforce and
oppose racial hierarchies. Activists, scientists, corporations, and the public are all subject to
consumption and other capitalist influences when participating in genetic testing, regardless of
their personal goals (Bliss 2012; Nelson 2018; Roberts 2011).

2.2.5 Liberatory Design

Finally, some researchers also note that there is a pathway towards using technology to
erase rather than widen racial inequalities. While race critical code studies scholars eschew the
use of technology as a standalone fix to social issues, the same scholars recognize the tradition of
using biomedical products, processes, and technology to solve racial injustice (Eglash 2019). For
example, the Black Panther Party performed Sickle Cell testing on Black communities in the 60s
using Sickledex machines (Nelson 2011). Additionally, the Party built several institutions
providing holistic therapies, health screening, and other biomedical services to serve the Black
and poor community, which likely contributed to the awareness of Sickle Cell Disease, which

affects the African American community at a higher rate than other racial and ethnic groups in
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the United States (Bassett 2016; Nelson 2011). Policies supporting Sickle Cell research arrived
just 5 years after the Party’s inception, underscoring the power of their campaign to address and
eradicate health inequalities. Such systemic practices are omitted from in traditional biomedical

design settings.

While not exempt from the guise of technological benevolence, Black Panther Party’s
success in utilizing biomedical technology for racial justice offers an example of liberatory
design. Benjamin (2019) states that technology designed for liberation must be “humane” and
engage in enough “cultural specificity” in its design. Race critical code studies describe the way
race has been embedded into science, technology, engineering, and medicine in order to
reproduce and disrupt the current social order, but combined with anti-racist literature in
laboratories and other biomedical settings, the literature only offers patchwork support into
racialized design processes. The current literature on racial health inequality remains
disconnected from racial discourse about biomedical researchers, engineers, scientists, and other
professionals. Information such as how stakeholders engage in the biomedical innovation process
is needed to understand how race is embedded in bioengineering design (Bailey and Peoples
2017; Benjamin 2013; Hamilton 2020). Race within the sociopolitical context of society will
continue to shape the biomedical field, and it is important to analyze this shaping in a systemic

manner in order to make systemic shifts towards equity, justice, and liberation.

2.3 Bioengineering Laboratory Settings

2.3.1 Bioengineering Laboratory Organization
Given that organizations are racialized spaces wherein scientific and technological

advancements can perpetuate or minimize racial inequality, it is useful to know where

bioengineering labs fall in this process. Bioengineering, which integrates engineering and
10



medicine, often creates hybrid understandings of health. Bioengineers often simplify bodily
systems to equations and mechanics so that the body can be analyzed at precise levels. For
example, they could create a stent, a medical device for heart valves, using equations on derived
fluid flow laws. Bioengineers and biomedical engineers apply math, science, and engineering
principles to biology and medicine. In doing so, they work to improve human health through
research and innovation, often combining skillsets from other fields to create devices, tools,

algorithms, and systems.

Typically bioengineers work in laboratories formerly defined in research and
manufacturing facilities. Compared to other engineering disciplines, bioengineering is a new
field that is rapidly expanding in the sectors of technology and healthcare. The laboratories are
typically physically located in academic, industry, or hospitals and other medical settings, but
remote work is increasingly popular after the COVID-19 pandemic.

2.3.2 Racial Diversity in Bioengineering

Demographic data suggests biomedical institutions generally are not racially diverse. The
2020 Biotechnology Innovation Organization bias report revealed that in a survey of 98
biotechnology companies, only 32% of employees and 15% of executive teams were people of
color. While useful, a single metric of employee diversity does not fully reveal the racial
stratification within companies. While Native American and Pacific Islander workers made up
0% of each company (Anon 2020), Black and Hispanic biotechnology workers make up less than
10% of the employment and 4% of leaders while accounting for over 30% of the population.
Asians make up 22% of employees, and 9% of CEOs despite being 6% of the population (Anon
2020). Thus, underrepresentation status in biomedical institutions is not equally applicable

among all racial minorities.
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Biotechnology Workforce Demographics by Race/Ethnicity

Native American / Pacific | Black | Hispanic | Asian | White | Total
Islander

All workers 3.77% 6.87% | 6.11% 19.89% | 59.66% | 96%
Management 1.82% 3.05% | 3.83% 16.35% | 74.95% | 100%
Board of

0.26% 5.17% | 1.65% 14.54% | 79.07% | 101%
Directors
United States

0.58% 11.22% | 22.72% 5.46% 55.67% | 95%
Population

2.3.3 Racial (In)equity and Inclusion in Bioengineering Spaces
Even beyond this numerical underrepresentation, these institutions remain racialized

spaces. Just over half of these organizations had DEI policies and 82% had programs and
policies about accountability and reporting of harassment or bias, yet Black and Brown
bioengineers have consistently protested against inequitable research funding and racist lab

climates (Aguado and Porras 2020; Platt 2020; Stevens et al. 2021).

Additionally, race also becomes relevant in the creation of biomedical products:
depending on the level of analysis (molecular, organ system, biomechanical), race is

incorporated when it is assumed to be relevant by researchers. Bioengineers may use biological
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and social concepts of race that often reproduce racism (McLean 2021a; Roberts and Rollins
2020; Timmermans and Kaufman 2020). While grant agencies typically require the collection of
race data for human subject researchers, little explanation or analysis of race data is performed in
most bioengineering studies. Best put in Roberts and Rollins (2020), “the conceptualization of
race in biomedical research is an imprecise and flexible process.” Thus, scholars, practitioners,
and innovators must seize the opportunity to further clarify race in bioengineering as a process of

racial interactions in the biomedical field more broadly.

This study offers such an intervention by exploring how bioengineering labs, as
racialized organizations, function as sites that shape the creation of products that can potentially
exacerbate or minimize racial health disparities. |1 do so by highlighting the interactions within
the lab and the ways that these organizations grapple with questions of race and diversity, as well

as the outcome this has on product creation.
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3 Data and Methods

| collected data through 48 total semistructured interviews with those who had experience with

bioengineering laboratories and case studies of 3 distinct bioengineering laboratories. The
average interview lasted 75 minutes. Interviews were recorded and transcribed. The

methodological appendix details the procedure timing and can be found in the appendix.

3.1 General Interviews of Bioengineers
After making initial contacts through email and flyer postings, I then used snowball sampling

techniques to select additional respondents. Respondents were intentionally sampled based on
interest in racial justice, racial diversity, gender diversity, as well as job title. I conducted in-
depth, semi-structured, individual interviews with respondents virtually. Respondents were asked
about their journey to bioengineering, their laboratory social climate, DEI work, policies and
culture affecting their lab work, and their outlook on the future of health equity. Because each
interviewee had experiences from multiple labs, | captured a wide breadth of laboratory
experiences. These interviews produced 30 transcripts. The data was then analyzed by coding
and comparison through grounded theory (Strauss and Corbin 1994). The limitations of general
interviews included a lack of depth into each laboratory, so ethnography allowed for richer data
around the cultures of specific laboratories. Additionally, while interviews allowed for
individuals to divulge personal attitudes and opinions, ethnographic observations allowed me to
examine the behaviors of respondents and see each laboratory function as an organization with

interacting members.
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3.2 Case Studies: Ethnographic Interviews of Laboratory
Members

3.2.1 Recruitment
In order to find laboratories, | relied on my personal background as a politically active

bioengineer with a network of racially diverse bioengineers. I recruited the first and second
laboratory through an event dedicated to minorities in bioengineering. | recruited the third
laboratory through personal connections in the Diversity, Equity, and Inclusion arena of
engineering. All laboratories were recruited on their involvement in DEI, although the degree of
involvement differed between each lab. The first was selected for its DEI work influencing its
research, the second for a patent on a medical device for people of color, and the third for its
leadership having a long-term commitment to mentoring racially underrepresented students in
STEM as well as performing health disparities research.

3.2.2 Data Collection

The case study data collection occurred with three bioengineering laboratories as the field sites.
At each site, | first observed laboratory meetings to understand its social climate and see its
weekly routine. | then completed in person tours of each laboratory to view the daily interactions
between bioengineers and their projects. After observing the social climate of the laboratory, I
conducted interviews of laboratory members, which followed the same structure as the general
interviews. This produced 18 transcripts. | then performed a content analysis the race-focused
elements of laboratories’ research publications and similar work as an additional data source.
These three qualitative methods helped overcome attitudinal fallacy, whereas respondents’
behavior may not directly be explained by what they say (Jerolmack and Khan 2014). Social

pressures around race at the time of the interviews were salient in respondents’ answers. By
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triangulating laboratory data, | contrasted race discussion in interviews with race discussion in
laboratory meetings to understand collective views and decisions of race in the lab as well as
diverging opinions on race. Triangulating data also allowed for analyzing the racial implications
of respondents’ work whenever they failed to mention or explicitly denied racial implications in

their interviews.

3.3 Data Interpretation
After a few general interviews, | realized that most of the respondents recruited as

individuals were advocates for DEI in bioengineering. My recruitment flyer, attached in the
appendix requested for respondents to be able to speak of race in bioengineering, so many
respondents reached out with the intention of supporting this project, which they perceived as a
racial equity project. | hope that this work lives up to that description. In contrast, the laboratory
members were recruited with the help of a point of contact from their laboratory. One laboratory
was known for its exceptional incorporation of DEI work and most of its members were active in
DEI in their laboratory. The other two labs had DEI advocates as their main point of contact, but
most of their members did not participate in DEI activities. One of the methodological
advantages of interviewing both bioengineering DEI advocates and non-advocates is that | was
able to see difference between the longstanding accepted norms in bioengineering, such as
thinking of the lab as devoid of race, and the more progressive norms, such as DEI discussions
and speaking of race outside of the lab. Settled in universities, hospitals, and companies, this
study is able to address the evolving racial logic of biomedical and scientific spaces and

elucidate medical racism.

This project was done through the standpoint of a queer Black woman. It was clear that

my respondents received me in a comfortable way due to racial and gendered expectations in
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conversation. By the subject matter of my project being something that pulls socially desirable
responses out of people, it was clear also that some respondents strove to showcase a
commitment to racial equity. Respondent’s responses do not merely reflect bias towards social
desirability but help contextualize the social and political climate of laboratories, universities,
and in the workforce. By understanding the workplace discussions about race as something that
was integrated within lab work, | could visualize the norms and practices that construct

racialized design.

3.4 Respondent Demographic Summary
Respondents were at least age 18 and ranged from undergraduate students to late-stage

career professionals. Respondents were allowed to self-identify race, ethnic background, or
ethnicity. Answers were then recategorized as Black (10), White (17), Asian (9), and Hispanic
(6). Those who were multi-racial were prioritized as Hispanic, then Black, then Asian. No Native
American or Pacific Islander respondents were interviewed. Respondents were allowed to self-
identify gender. Respondents were also allowed to self-identify gender and were categorized as
man (17), woman (29), or non-binary (2). Non-binary individuals were not recategorized, but
those who said they were female or male were recategorized as woman or man. 38 individuals
identified as straight, and the remaining 10 individuals identified as either queer, bisexual, or gay
and were categorized as LGBTQ+. Similar to the practicing population of bioengineers,
respondents’ geographic locations were largely concentrated in the northeast area of the United
States, followed by the west. Fewer respondents came from regions where the discipline is less
prominent, following demographic representation. All data was collected between January and

July 2022.
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My results show bioengineers view racial equity as something that is pertinent to the
professionals themselves and do little to prevent inequity amongst the patients affected by their
research. By constraining discussions on race to racially diverse representation of biomedical
professionals, obstacles such as racist biomedical products and retention issues through a hostile
racial climate are rarely addressed. Diversity, equity, and inclusion work remains a large part of
underrepresented minorities coping and persistence mechanisms for staying in the field.
However, the lack of connection that respondents could draw between DEI work and the impact
of their product shows that DEI largely does not disrupt systems of health inequality.
Respondents continually recontextualized race throughout the interviews, from believing that
race isn’t relevant to their sampling methods yet claiming racial equality as a social impact in

their funding applications, to desiring a racially diverse subject pool, to stating scientifically
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inaccurate beliefs about physiological differences in race as guiding logic for their experiments.

Despite the rhetoric of DEI, race and racism infuses the entire process of biomedical design.
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4 Results

The results of this study indicate that bioengineering laboratories reflect and reproduce

racial inequality in product design and outcomes. Each laboratory has its own organizational
culture, with its own values and widely shared norms that can shape members’ attitudes and
behaviors towards racialized product design. Each lab’s culture is an important factor in shaping
the types of products it creates and the ways the products replicate racial inequalities. Three
different types of culture emerged in these labs: race-external, DEI Friendly, and race critical.
These cultures included different racial practices, behaviors, and interactions, all of which

contributed to products that perpetuated or challenged racial inequalities.

4.1 Race-External Laboratory Culture
STEM fields have long fostered a culture that downplays or ignores the existence of

systemic racism in society. For example, research and technology environments are known to
have distinct cultures centering value-free science (Benjamin 2015; Mitchem 2007), and
scientists in those environments consider race to be irrelevant to the work that they do (Dupree
and Kraus 2022; Shah 2017). In recent years, however, the field at large has away shifted from
the previous cultures that ignore racism to now acknowledging race and racism as a part of
broader society. In a race-external culture, lab participants focus on racial issues only as matters
that occur outside of the lab space. In these labs, there is little attention to race as a matter that
could affect product design or creation. There is also minimal focus on the ways that interactions

and dynamics in the lab could potentially perpetuate racial inequality.

This is not to say, however, that racial discourse is never present in these lab spaces.
Instead, labs with a race-external culture acknowledge and identify racial matters and
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inequalities as issues that exist outside of the lab space. Respondents in these labs point to
examples of police violence against Black communities as an example of where they see racial
issues present. For instance, when asked when he felt aware of racial issues, James, a white man

PhD student in a lab at an ivy league university, commented,

“In terms of specific events, I mean after George Floyd was killed, I really was like, ‘ok,
I should get better. I’'m trying to get better. And I think that is when | started to become
more aware. Obviously I’m still not aware of a lot of things, but that’s when I started to
become more aware than I was.” For James, racial issues occurred, but he associated
them with matters of police violence and brutality that occurred in the broader society.
He did not define his lab as a racialized space or discuss the ways interactions or routine
processes could reproduce racial inequalities.

However, James did recall of an incident with the head of his laboratory calling him out
for mostly citing white men in a project on publication citations. After she suggested that he
diversify his authors, and the problem was quickly resolved. Even in a race-external culture,
researchers may occasionally consider race in lab work. Yet, this doesn’t change the
organizational culture of his laboratory, and their products and creations do not challenge health

disparities or racial hierarchies in research.

Marissa, a straight Asian woman PhD student, offered a perspective highlighting a more
hostile race-external organizational culture. When | asked her about DEI initiatives in her
university, she first replied, “Since the racial reckoning of George Floyd's murder, the
bioengineering department has sent out an email talking about that. And then they said they
might have a Diversity Council before ...That effort didn’t really go anywhere.” Once again, a
respondent emphasizes the murder of George Floyd as the center of race discussions among
bioengineers. She cites this as the only acknowledgement of racism by her department yet

provides numerous issues of racial conflict within her classmates’ laboratories. When | ask
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Marissa, if she can think of any examples of racial issues affecting labs that she knows of, she

says

Okay, so | know, four main cases and I’1l say that they're either underrepresented
minorities or women and that they are either department conflict or advisor conflict.. The
third student who | was very close to when she was having a lot of issues [and] she was
crying all the time, basically had a co mentorship situation, and she wanted to use
microfluidics for her research and then got convinced to do a solely computational
project by an advisor that the department knows has kicked out students in their third
year. She was newer faculty and a female professor, and by the way, the diversity council
chair. Also she tried to prevent to nanoengineering students from graduating and filed a
plagiarism report against one of them.

Marissa exposes the subtle racism of students of color being forced to do research in a
subarea outside of their expertise without guidance. Marissa then details several other conflicts
with students of color being unfairly removed from the program through unfair qualifying exams
judges, being denied PhD candidacy after 8 years of research, and having plagiarism reports filed
against them. Two of the four students left their laboratories. As one of the largest academic
bioengineering departments in the country, this department’s choice to ignore racism within its
many laboratories reflects the persistence of race denial in scientific spaces despite recent culture

changes.

Leland, an Asian postdoctoral student offers the most direct example of race-external

culture. He states:

We have an annual meeting with the head of the lab every year. | told her we have too
much non-scientific topic discussion (laughs), So | say to [head of lab's name], | need to
write a paper. Diversity is important, but for me it’s not priority. For me the priority is the
project and process. So, | am also a minority in United States. Also in China | grew up
minority. I’'m Korean Chinese, you know, we only have a 2 million population in Chinal

| grew up a minority, so | totally understand diversity is important. It’s one big country,
right? But in research labs | told her my current position is post-doc I don’t have enough
time to spend on other things.
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Leland explicitly defines his laboratory as somewhere racial diversity should not be
prioritized in contrast to “the project and the process.” To him, race and other social structures

are relevant to his personal experience, but not to the bioengineering process.

Respondents in race-external labs also identified racial issues as matters that emerged
towards the end of the bioengineering process—after they themselves no longer were involved
with product creation. They felt that at the stage at which they created products, the process was
race neutral. Yet they noted that at the final point of product creation, race could be incorporated
into the process by way of projected product utilization. Manny, a gay Black man and reliability
and quality engineer at one of the top 3 largest medical device companies in the world, reflects
on his work. In a response to a question about how company culture impacts the racial

implications of his research, he says,

Yeah unfortunately because I'm so far early in the process, as in years,

nothing I've really worked on has ever made it out the door. If it has, it's so far removed
that | can't really speak well to it... What | can say is the biggest impact, | have seen has
been income level for sure. So medical devices remain premium... Well if you consider
the performance and efficacy of certain devices you do see a slight correlation between
would be curious if someone has looked at the average reliability of a device that
someone on Medicare gets versus someone in private insurance. These things aren't really
data points that | wish were considered.

Despite Manny knowing racial conflict impacting the products he evaluated as a midlevel
engineer, he initially says that his work in reliability and quality engineering does not consider
the implications because he works on the earlier stages of device development. As he continues
through the interview, he then brings up the reliability of devices by social class as a potential
way for his own work to challenge racial inequality. Throughout the interview, he contends that
patient income and insurance status as factors affecting the reliability of devices for Black

patients, but finally admits that his work could examine look at those factors towards the end of
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his response. While understanding how racial inequality impacts bioengineering is important,

bioengineers must actually disrupt cultures of racism in order to reduce health disparities.

Product Creation
Given that race-external labs rarely focused on racial dynamics and potential inequalities

in the lab space, the products that came out of these labs could and did perpetuate racial
inequalities. Some race-external labs are in the process of creating blood pressure monitors that
fit over the fingertip. These monitors are supposed to be less invasive than the traditional
monitor, which fits over the arm. Yet these monitors serve to perpetuate racial health disparities.
They measure heart rate less accurately on darker skin than pale skin because they use

photoplethysmography signals, which detect light.

By constructing heart sensors in this way, these labs create devices that perpetuate default
discrimination, where the very basic functioning of the product contributes to discriminatory
outcomes, but its designers see the discrimination as a minor error. (Benjamin 2019). By using
technology that is previously proven to measure more effectively on lighter skin, darker-skinned
individuals do not have access to convenient heart monitors. Other commonly used devices such
as fitness watches and pulse oximeters also are inaccessible to darker-skinned people. While
these devices are created to increase the ease of monitoring patient health, they discriminate

against a large part of the population (Colvonen et al. 2020).

In addition to default discrimination, these devices also may reflect techno benevolence
of the New Jim Code because the intended creation of this device was to improve the
accessibility of an existing problem. Yet, by attending to accessibility by only focusing on one
design feature of the project and deprioritizing race, they perpetuate existing inequalities in their

attempts to address a social problem. The visual technology that makes these devices work is
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continually used despite the growing protest of consumers and researchers about its racial

consequences.

Other labs with a race-external culture are creating machine learning models to evaluate
the effectiveness of prosthetic limbs for veterans. This technology also reveals default
discrimination because model creation depends on categories of successful and unsuccessful
limb implementation, which is heavily racialized (Resnik and Borgia 2015). African Americans
veterans are systematically underprescribed prosthetics, so an algorithm developed based on
prior data will reiterate discrimination without the programmers explicitly accounting for race. A
potential harm of this development is a Black veteran being incorrectly denied a prosthetic limb,

which would continue the same discriminatory process determined by manual evaluations.

Made in this way, assistance devices, again, perpetuate default discrimination (Benjamin
2019). While the culture of these laboratories fuels the creation of discriminatory products, little
attention is given to the responsibility of bioengineers in amplifying health disparities. Race-
external laboratories render historical and social realities that keep people unequal irrelevant to
their work, thus bioengineers continue to produce devices that work best for those white and

rich.

4.2 DEI Friendly Lab Culture

In contrast to race-external labs, other labs display a culture that I describe as DEI
friendly. In these spaces, the organizational culture is more attuned to racial dynamics and
inequalities that can occur in the lab space. Unlike race-external cultures, these labs do not
describe racial inequalities as processes that occur outside of the lab in the broader society. The

culture here acknowledges the ways that racial inequalities can be present in labs.
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With this awareness, labs with a DEI friendly culture attempt to address and identify
racial issues that can affect lab workers. However, they do this by focusing on DEI initiatives
and the ways that these can create more of a pipeline of underrepresented workers into the field.
In other words, labs with a DEI friendly culture do acknowledge racial inequality, but they focus
on highlighting mechanisms to attract more scientists of color into the lab, and occasionally to

improve their experiences once there.

Chantel, a straight Asian American woman working as a senior systems engineer
manager at a large biotechnology company, described some of the DEI efforts in her lab, stating,
that they did “had employee resource groups and outreach events for high school and even
middle school students.” Michael, a queer Hispanic man who just finished his PhD, also shared
that in his lab, initiatives included outreach to encourage youth to enter bioengineering, He
states, “Some folks in my group are involved in in sort of like outreach and that's generally
looking at local high schools. The outreach usually are activities or doing lab work, like doing

demos of polymer synthesis or agarose beads, stuff like that.”

Most of the activities favored outreach, but there were some cultural celebrations inside
of laboratories that celebrated a variety of holidays. These examples highlight that labs are
attuned to focusing on creating diversity inside the lab and on the experience that

underrepresented scientists, especially those of color, have in these spaces.

Yet the culture of DEI Friendly laboratories does not extend to attention to product
development itself. Many respondents noted that these DEI efforts had limited utility. They
established a culture where labs acknowledged the existence of racial inequality in STEM but did

little to resolve disparities that resulted from product creation. As Michaela, a Black woman PhD
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student stated, “[ These efforts] play out in our lab culture. People now are different and more
conscious of race and how people are different in our personal interactions in the lab. But when it

comes to the actual research, it’s the same old research.”

From Michaela’s viewpoint, the DEI efforts succeeded in changing the culture and the
interactions in the lab. That success did not extend to lab workers’ attention to product design

and creation, and the way these could replicate inequalities.

Chelsea, a Hispanic woman PhD student, also noted this disconnect. After she
emphasized that diversity in the laboratory is valuable, I asked her what impact it would have on

her research. She replied,

Personally haven't seen at least on my side of research. I haven't seen anything; except
I've seen them setting up stuff to make it happen. Like, they have the Chair of Diversity,
Equity and Inclusion with BMES, so | know they're trying to make it a priority, but I
haven't seen it implemented on the research side, at least in a way that | personally can
see.

Chelsea stated the importance of diversity early into discussion, reflecting a common
sentiment in laboratories. By embracing diversity at the surface level, laboratories are able to

respond to outside pressures about racial injustice without changing their work.

Product Creation

Labs with a DEI Friendly culture also created products that perpetuated racial inequality.
The focus on occupational opportunities meant that lab workers did not spend much time
focusing on how the products they developed could and did also have racial implications.

Consequently, products that were designed still advanced racial inequality.

One lab with this particular culture created a COVID-tracking project. This project

received sample swabs from elementary schools and tested them for COVID-19 at the height of
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the pandemic. Samples had to be collected by teachers, janitors, or other staff at each school and
then would be picked up by a lab member. Most of the schools contacted primarily served
Hispanic students. While racial justice was not the motivation of this project, one lab member

expressed frustration and confusion about the lack of participation from schools.

Yet this project perpetuated racial inequalities, particularly through coded exposure of
race, where minorities are simultaneous rendered hypervisible and invisible. The project required
extra labor from staff at participating schools, while stigmatizing schools who didn’t participate
as hesitant to science. Scientific authorities who attempt to do research with minority populations
often expect resources, including money and time, that these groups simply do not have. By
rendering underrepresented minorities who do not participate in science as non-compliant, they
marginalize them from research. Additionally by requiring that minorities participate in research
at a significant cost and no direct benefit, this lab renders them visible only for surveillance. This
study and several other studies cited by respondents recruited underrepresented minorities for
their convenience while avoiding discussing racism in their research. By establishing inequalities
in this way, bioengineering research makes communities of color more subject to heightened

scrutiny without recognizing systems of race and racism (Benjamin 2019).

Whereas coded exposure theory emphasizes devices and technologies that use computer
vision, | argue that processes in biomedical production which surveil racial minorities also
provide undesirable forms of visibility and invisibility. Biomedical experiments, for example, are
processes that allow for participants’ data to be accessible to researchers and not the participants
themselves. One researcher reported receiving tissue samples that were predominantly marked as
African American male without them requesting racial data. A few other researchers relied on

the cells derived from Henrietta Lacks, a Black woman with the most commonly used immortal
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cell line. Prior data shows that people of color are concentrated in higher risk and low
compensation studies (Petryna 2009), and two different engineers claimed that they found it
more convenient to working class African American and Hispanic subjects because they fit the
study criteria. Many DEI friendly laboratories collect minorities data or report racial difference
as required by funding agencies or out of convenience, yet do not consider racism their results.
Worse, these labs attribute racial differences in data to negative behaviors or defective genes-
both of which stigmatize minorities as anti-science and a threat to their own health (Aronson et

al. 2013; Benjamin 2014; Devakumar et al. 2020).

Through experiments that privilege the researcher, minority patients are visible when
convenient to researchers. Bioengineers can see readily identify racial minorities when it is
convenient, but do not recognize the racism in the first place that led to their racialized
recruiting. They also fail to see the racial implications of their work. While the New Jim Code
used coded exposure and other tenets to describe mostly computer software and hardware, |
argue that that more general processes, such as data collection give rise to these specific
technologies. In the appendix is a list of racial implications of biomedical products discussed in

each individual interview.

Additionally, this and other DEI friendly laboratories can have carceral consequences for
the population. By creating surveillance on Hispanic communities, this research makes students
from undocumented backgrounds even more vulnerable. Immigration enforcement has
historically used biotechnology such as genetic technology, facial recognition, and risk
algorithms, for harms such as detainment, deportation, and the denial of the rights of Black and
Brown immigrants. Ignoring the social conditions that minorities face in the United States in

bioengineering laboratories causes harm to those communities.
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Another lab with this culture studies sodium channels in heart disease using animal
models. After studies, the laboratory meets with doctors and provides recommendations on
behavior changes for patients who have hypertension, a disease heavily dependent on sodium
channels. Although this laboratory finds racial equality generally important, it ignores the
longstanding biomedical research on how hypertension affects African Americans more
prevalently. The laboratory has recommended exercise as the main behavior change for

hypertensive patients.

This research, too, perpetuates inequalities by solely putting responsibility on patients to
change their behavior and ignoring the factors that cause racial inequity in hypertension.
Historically, researchers attributed the cause of hypertension to diet, genetic mutations caused by
slavery, and other historical factors related to race without accounting for present day racism.
Many behavioral programs pathologize the behaviors of Black communities, leaving little room
for patients to protest structural barriers to their health. Both hypertension and heart disease

remain high and are responsible for large amounts of preventable Black death in America.

Consequently, this research model is an example of engineered inequity. This research
privileges people who have access to exercise, and are able-bodied, when hypertension and heart
disease affect those who have decreased access to either. Economic and racial disparities may
minimize Black Americans’ access to organized physical activity, and persistent neighborhood
segregation and heightened patterns of surveillance and scrutiny may mean that even basic forms
of exercise like jogging may be less safe or available to Black people (Edwards and Cunningham
2013; Ray 2014, 2017; Richardson et al. 2017). The tragic case of Ahmaud Arbury shows that
running for exercise is enough to get a Black person killed in America, and while there are other

barriers to exercise that aren’t as explicitly dangerous, harm is still the outcome (Ray 2020). By
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developing blanket solutions that are not as feasible for Black folk because of structural barriers,
this laboratory engineers inequity by amplifying structural inequalities and explicitly reproduces

health disparities.

While DEI friendly laboratories reflect a commitment to diversity, equity, and inclusion
programming, their happy talk often stops short of their design decisions. Some DEI friendly
laboratories even make public statements about racial violence, and without critical attention to
the meaning of race in the biomedical design process, these labs still create racial harm from the
technologies they produce. In fact, many DEI friendly laboratories even engage in explicit efforts
towards racial problems, but avoid the long-standing context of race, resulting in coded exposure
of the New Jim Code. The increased surveillance for Black and Brown communities, combined
with the preconceived notions of race (such as scientific authorities believing that minorities are
uninterested in scientific progress), result in technology that is carceral, even when used outside
of jails, policing, and prisons. Biotechnology has been consistently used to expand the prison-
industrial complex in America through tracking, detaining, and convicting, and will continue to

cause harms until bioengineers examine their roles in the system.

4.3 Race Critical Laboratory Culture

The third type of organizational culture that emerged among labs was a race critical
culture. Unlike race-external, but similar to DEI Friendly culture, labs with a race critical culture
explicitly acknowledged racial inequality. They also established journal clubs, outreach efforts,
and community education. However, these labs also took the additional steps of assessing how
the products they created either replicated inequality or could be redesigned in ways to minimize
it. In this way, lab leaders structured a culture that led to products that avoided perpetuating

discrimination through tech.
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Keyshia, a white woman PhD student, described some of the conversations that occurred

in the lab.

Some brainstorming ideas were to think about where we’re getting cells from, how the
donors impact what we’re seeing and thinking about, what disorders we’re choosing to
study, and who they represent- like who mainly suffers from what we’re studying. Are
we accidentally picking a disease that all of the research currently done and all the
knowledge we have is biased toward a certain demographic when there are other
demographics that suffer from it? I think it’s being intentional about how we do outreach,
what kind of data we’re using to justify our experiments, where it’s coming from, where
it’s incorporated, things like that.

As Keyshia shows, the culture of the lab encourages workers to discuss openly the ways
that they may inadvertently engage in the default discrimination model Benjamin (2016)
describes by creating products that center white hegemony and thus perpetuate racial inequality.
By establishing a culture where these discussions are normalized, lab workers can avoid this

potential outcome.

Michael, the queer Hispanic professor referred to earlier, offered a counterexample with a
culture contrary to race-critical labs. Yet, he provides a thorough path for it to become more

intentional with its racial impact. He states,

| don't think the lab culture plays a big role. | don't think that we're basing research
projects on concepts that are originating from DEI movements, and | myself sometimes
look at our results to say some of these things can relate to the DEI concerns. So, for
example, we have research that looks at reducing or minimizing refrigeration for drugs,
which would have equity implications, by reducing costs for getting to areas that have
less infrastructure for refrigeration. But we generally didn't kind of go into that project
thinking we're going to develop technology to make it easier to transport drugs. It's just
kind of like that's what came out and we're like well that has a lot of value for things that
are relevant for equity.

Because he considers positive implications for his work as an unintended consequence,
the culture of his laboratory neglects to thoroughly consider racial equity in the production of

biomedical research. He assumes that his labs design decisions will increase accessibility for
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those from socioeconomically disadvantaged backgrounds but does not consider other factors
such as insurance costs, racial disparities in the diseases he treats, or disparities in the uses of the
drugs he aims to change. Yet, Michael’s notion of basing research projects on concepts that are
originating from social movements is quite innovative and embodies the work of race-critical

laboratories.

Unlike the first two types of labs, race critical laboratories take a holistic approach to
engineering where the traditional laboratory power structure is subverted. In these laboratories,
members have more equal opportunity to produce, disseminate, and exchange knowledge,
instead of concentrating decisions making authority to the heads of labs. While most minority lab
workers are concentrated in the lowest level positions and have little decision-making authority,
race critical labs are open to input from all laboratory members. In contrast to race-external
laboratories, members of these laboratories understand race beyond individual identity and social

phenomenon outside of the lab, but how they choose to subvert the current racial order.

This culture is very different from DEI friendly laboratories, which often recruit
underrepresented minorities, but then struggle to support their careers as bioengineers. In these
laboratories, the lowest ranking members lead projects, make major design decisions, and have
an influential role in the laboratory. Because laboratories are heavily hierarchical with the leaders
being mostly white, straight, men, race critical laboratories give power to underrepresented
minorities, LGBTQ+ people, and women and gender minorities. In these laboratories, those most
affected by racial justice, and therefore most aware of racial injustice, are empowered to make
decisions about design equity. These understandings of race reflect direct opposition to the

standards of racialized organizations.
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In addition to race and power structure, race critical laboratories are also conscious of
gender, sexuality, and class. In these laboratories, DEI work relies on members having
knowledge of systems of oppression that affect society broadly and then interrogating their
design practices, stakeholders, data sources, and other parts of the bioengineering process. For
example, one of the laboratories that | observed held weekly laboratory meetings, where
diversity journal club was a mandated part of each meeting. Of the meetings | attended, half of
them consisted of the laboratory speaking about race, sex, and gender in within and as an
implication for their design. One meeting was a journal club about maternal mortality rates for
Black women. In another meeting, the laboratory discussed the implications of assuming that
people with uteruses are all are female sex. This lab the decided to produce research that used the
term ‘people with uteruses’ include intersex populations and transgender people who receive
hormonal treatment (and thus do not fit into the biological category female). In 5 laboratories
represented in my interviews there was discussion of sex differences, but only this laboratory’s

research included populations outside of the binary of male and female.

Product Creation

Labs that had a race critical organizational culture created decidedly different products
than ones with race-external or DEI Friendly cultures. These labs were able to create products
that sought to minimize, rather than exacerbate, racial disparities. One lab with this culture
created a hospital device for people of color. This device, created by and patented to a Black
woman, accounted for Black hair in the detection of brain activity. Upon going to market, this
device would expose the current brainwave detection system as something that works only for
straight hair phenotypes—primarily confined to the white and Asian populations. This product

thus creates more racial equity by ensuring that Black patients have more access to technology
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that accounts for their physical features, thus potentially reducing neurological conditions that

might otherwise go untreated or unresolved.

Another lab with this culture engineered a technology to support patients with vocal,
voice, and swallowing disorders. This lab worked with patients directly to test how the
technology works and one of its members ensured the study served Hispanic respondents by
speaking Spanish and allowing respondents to consent in Spanish. The laboratory also gave
resources for treatment. Additionally, the laboratory considers that the working conditions of
Black and Latino people have impact on throat disorders and generates data different from the
existing research that is on white men. By considering the social conditions of racial minorities
on throat conditions, they are able to create technology that is accessible and addresses health

disparities directly.

Products created in these labs thus offer more insights into ways the creation of
biomedical products can be used to create racial equity rather than disparities. By establishing
and maintaining a race critical culture where lab workers consistently attend not just to DEI, but
to the ways products can have potentially unequal outcomes, they are able to produce devices
that both acknowledge and include various racial groups and can potentially help offset some of

the persistent racial disparities in health care.
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5 Conclusion

Like many other organizations, bioengineering labs attempt to address race and racism

with a focus on diversity, equity, and inclusion practices. While laboratories have always been
white, heteronormative, and man dominated, the racial ideas within them have evolved to fit
social pressures and often take up DEI activity and conversation about race. Through
requirements from funding agencies, policies from academic instructions, pressure from social
critics, and legal protective measures from corporations, researchers are led to engage with DEI
work in spaces that are traditionally/historically nondiverse, hierarchical, and gatekept.
Operating under racial capitalism, neoliberalism, and other social, political, and economic
structures and movements, bioengineering is a new field that cannot consider itself neutral (Bliss
2012; Boan et al. 2020). When racial ideas are embedded in design that cause more harm to the
marginalized, it is an act of white supremacy. When designs are created out of intent and effort
towards racial justice, they represent liberatory engineering. Further research should be

conducted on creating a racially just biomedical pipeline.

By focusing on bioengineering labs and the ways that these spaces construct an
understanding of DEI, this study is able to add to our understanding of how and why medical
racism persists. By highlighting how race is present, yet hidden, in biomedical production, | am
able to capture how the lab, as a unique site, contributes to both the advancement of and
challenges to systemic racism. This work thus builds literature on how race is embedded in
biomedical products. Bioengineering spaces serve as a perfect example of how racism is carried
out by seemingly neutral actors. It applies sociological theories of organization to bioengineering

laboratories, which serve as the sites of racialized processes. This broader contribution shows
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how moves towards racial inequality and racial equality may inspire activism in bioengineering
laboratories in uneven ways. This work is intended to encourage activism in the bioengineering
community and illuminate opportunities for positive social change that should be made within

the field.
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Appendix

Recruitment Flyer

Racial Dynamics of
Bioengineering Study

BIOENGINEERS
NEEDED

The purpose of this study is
to understand bioengineers’
perception of race as it
relates to the field.

Participation involves
a 60 minute virtual
interview

Eligibility:
+18 Years Old
Bioengineering experience

I'I'I'i|

To learn more or sign up, please
contact Rene Canady at
c.janet@wustl.edu
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Methodological Appendix

1. Recruited general interviewees through flyers posted in online bioengineering
communities (4), direct email (13), events for minorities in bioengineering (4), and
snowball referral (9) (December 2021 — June 2022)

a. | performed interviews with zoom, recorded interviews and maintained
transcripts. These interviews took 75 minutes on average.

b. Throughout the interview process, | adjusted interview techniques to reach
saturation on the range of racial opinions and behaviors of respondents. With this
method, | compared individual racial views across lab role, demographic, and
educational status. After identifying lab role, race, and gender were identified as
salient factors, | adjusted recruitment to find respondents with diverse
backgrounds in those categories.

c. |interviewed bioengineers about their experiences in laboratory spaces and asked
them to describe their lab values, lab racial and gender dynamics, attitudes
towards their own projects, how they saw their projects contributing to health
equity, and how bioengineering broadly contributed to disparate health outcomes.

2. Completed ethnography for laboratories 1, 2, and 3 (March — April 2022)

a. First, I observed lab meetings for laboratories virtually so that I could identify
elements of laboratory culture before completing in person observations. | was
able to identify major projects in the laboratory and obtain documentation on the
progress and logic of those projects.

b. Once in person, | observed each laboratory over the span of a week through
meeting and research presentation attendance, shadowing laboratory work, and
participating in laboratory socials. |1 was able to observe collaborative processes
happening at each organization and observe the norms around lab work as well as
values that mattered most within the lab.

c. Throughout my week in person, | interviewed laboratory members and asked
them to describe their lab values, lab racial and gender dynamics, attitudes
towards their own projects, how they saw their projects contributing to health
equity, and how bioengineering broadly contributed to disparate health outcomes.
These themes were coded in my analysis.

3. Analyzed projects, processes, and products

a. After obtaining, cleaning, and coding the transcripts from each general interview,
I coded racial implications of each respondent’s research, whether implicitly or
explicitly stated. For respondents who did not identify any racial implications, |
looked for publications of their research online and found similar research about
the components of their research. For each respondent, | was able to find as least
one aspect of their work that was racialized. For example, many of the devices
created were not as accessible to poor communities of color or were created to
assist with patient populations of one race. The list of implications is below.

List of Racial Implications

List of respondents’ work and the racial implications that | found through direct questions,
follow-up questions, or researching their technology post-interview:
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10.

11.

12.

13.

Characterizing nanoparticles to potentially treat bacterial vaginosis during pregnancy,
which has higher rates among African Americans. Was asked how'd she incorporate
race into an animal model oddly.

Designing technology on patients who suffer from vocal, voice or swallowing disorders.
And then analyze and verify data obtained from assays so that then they can be
submitted to the FDA or sold to another company for a partnership or another
shareholder. She's gathered Hispanic respondents by speaking Spanish and denoted
that working conditions of Black and Latino people have impact on throat disorders,
but we don't know because of the research. Existing research is on white men.

Working on building an environmental monitoring program for source code- and are
using data from Hispanic schools in California. Many schools turn them down- there
are issues with collection labor and surveillance.

Using 9 different cell lines for sex differences research and it's a mix of Black and white
respondents and males and females without recording race as a factor. This could be
advantageous because hormonal differences due to race would be picked up.

Creating a machine learning device in an ultrasound lab to test the correlation between
the image and muscle elasticity for elderly populations- didn't get a report on patient
race.

Creating a qualitative analysis coder for an adolescent sleep study with another student,
but their results have been overruled by the Pl whenever they contradicted their
believes. The interpretation of qualitative data is often drawn on racial lines.

Creating a noninvasive and blood pressure monitor using a light detection method that
literature says works with the majority of people, but if he's using the usual green
light for detection, it's not working for dark skin.

Studies actin binding protein and its contribution to cardiovascular disease. Didn't discuss
research sample population, but there are disparate outcomes by race in heart disease
and in ABP presentation.

Creating a machine learning model to improve rehabilitation outcomes for prosthetics the
lab is working on, but the prosthetics are for veterans and only those deemed eligible
through a fitness evaluation can get them. Veterans of color have significantly less
access to prosthetics than their white counterparts.

Looking at adults with obesity comparing physically active and inactive adults with
obesity and trying to understand if there are differences in their movement patterns
and their functional mobility. This project seeks to undo the inaccurate stigma that
associates obesity with health issues, which has been racialized intensely in America.
This project will likely have positive racial implications!

Performing ovarian cancer research on metastasis that uses previous research that is all
white subject pools. There are racial implications to this due to the hormonal
differences and medical treatment differences caused by racial experiences

Produced material for left ventricle failure in heart attacks and regenerative medicine for
extra-cellular matrix. Disparities in heart disease could mean that this treatment is
used heavily for those most affected or that this treatment skips those marginalized.
There are consequences for health disparities either way.

Accumulating a list of 85% white men for a self-citation project and got called in by PI.
Also, participated in a trustworthy machine learning project that prevents data from
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

being manipulated which was portrayed as a great opportunity to protect vulnerable
populations. Yet, Al has mainly sped up racial bias in its implementation.

Producing genetic products. Calls for diagnostic testing at a younger age and healthcare
coverage that pays off in the long run. But did believe genetics were the ultimate
authority in terms of classification and medical treatment. Implications could go
either way- where either racial hierarchy are reproduced in genetics are then
decoupled with social inequality altogether and thus racism is not fundamentally
addressed because its factors aren't considered, or genetics are addressed more
accurately because people better understand the limitations of racial categories in
bioengineering.

Creating a device for the blind that is designed to be low cost ($100) but middle tech
because it requires a smart phone. Talks to a diverse testing population.

Makes a polymer band for AML therapy to become more effective. She mentioned the
frustration of doing the research of the majority. There are disparities in the outcomes
of this disease, and they could be exacerbated if their research doesn't benefit the
minority.

Researches on slip and fall in workplaces has behavior-based campaign. But these
injuries disproportionately impact Black and Brown blue color workers, and as of
now they have to pay for shoes (unlike other personal protective equipment)

Researches drug delivery for cystinosis- a European mostly disorder. The delivery
method is likely going to be expensive they say. Also this will be fast-tracked in the
commercialization pathway and be only accessible to those who can afford it.

Manages team with coders (mentions race and bioinformatics/Al) and biologists. Her
group is using HeLa cells, didn’t know until recently. Named a project about women
and birth and how the pool was all white.

Ran a whole development neuroscience project that produced null results- and he didn't
account for any social factors on alcoholism. But he does add a social constructionist
definition of race.

Trying to vascularize tissues with growth factors and other materials for heart disease,
which is a racialized disease. Using a 60-year-old white woman's cell for her project.

Developing proteins for cancer drug but said that its uptake on humans is mostly an
afterthought. Also says drug development for cancer is decided by business- diseases
impacting minority populations get cut because it's business first.

Has human tissue samples and doesn't know where from. Also studied Duchenne
muscular dystrophy, which affects white males disproportionately, said the rest
weren't genetically different.

Produces cards which test for certain bacteria and supports epidemiology lab testing.
Could favor bacteria that affects specific populations more.

Created an accessible blood pressure taker sold for cheap in senior design- thought it was
important because African Americans have heart disease more commonly.

Has a research goal of minimizing whole chain which makes drug delivery cheaper.
Equity is an unintended consequence. Could be more intentional about it in the
pipeline and he thinks early on.

Studies the sodium channels of action potentials in mouse hearts and mutations with it.
Implications based on what racist ideas exist on heart function. Also racialized
consumption of salt may also have brought about mutations. Respondent’s role is also
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to tell doctors recommendations on how exercise and other behavioral changes work
for hypertensive people so that they'll tell their patients to change their behavior.

28. Mostly works with Medicaid patients, who are disproportionately Black and Brown. Lead
engineer thinks Black people all live in the inner city. Does risk mitigation and cost is
his biggest thing he notices- which is drawn along racial lines.
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