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“Man, I am a Black Engineer”: The Co-development of
Transformational Resistance and Engineering Identity

Abstract

Many societal inequalities are inexorably linked to engineering and technology that are
pervasive and transformational in our society. Engineering students from underrepresented
backgrounds may care about addressing social inequalities but may have a challenging time
identifying with the historically white, masculine culture of engineering that emphasizes
technical aspects of engineering. We used the lenses of transformational resistance and
engineering identity to explore ways that engineering identity, social identity, and identification
with social justice may be co-developed in engineering students. We used a single case study
methodology to examine the counternarrative of Andre, an Afro-Latino male undergraduate
computer engineering student who took an engineering course that integrated issues of racial
inequality. We found that Andre’s social identity was not only related to but was inseparable
from his engineering identity in that he identified as a “Black engineer.” His experiences as a
Black person caused him to have a personal connection to his critiques of social oppression, and
he learned how he might have a role in working toward social justice through engineering. Thus,
for Andre, identification with engineering, race, and social justice were all related. The findings
of this study may have implications for how institutions leverage students’ social justice
resources that they bring into engineering, integrate issues of social justice into engineering
education, and broaden perspectives of engineering such that the field might appeal to a wider
variety of students. Results highlight the value and utility of integrating issues of social
inequality into engineering education for potentially increasing interest, persistence, and
representation in the field of engineering.

Introduction

A significant amount of research has focused on engineering identity [1], demonstrating
how engineering identity contributes to engineering students’ educational and professional
outcomes [2]-[4] including increased persistence in engineering [5], [6]. Specifically,
engineering students are more likely to stay in engineering with increased engineering identity
(e.g., [7], [8]), and are more likely to leave the field if they do not identify with engineering (e.g.,
[9]-[11]). While there is variation among definitions of engineering identity [12], frameworks
often use a professional identity perspective that involve a relationship between some aspects of
the self and the profession of engineering [13], [14]. Gender and racial identities are commonly
studied alongside engineering identity, as these social identities can greatly impact the
engineering identities of women and students from historically racially minoritized backgrounds
[1]. Prior frameworks, however, often do not integrate students’ concerns for social justice (see
[1], [13], [14] for systematic reviews) even though research has shown that students of color
often choose STEM majors to address issues of inequity [15]-[18].

In order to fill this gap, we used a single case study methodology [19] to explore ways
that engineering identity, social identity and identification with social justice may be co-
developed. Given that traditional engineering cultures have been shown to play a negative role
on students’ social justice concerns [15], [17], [18], [20]-[23] we chose to examine the
counternarrative of an Afro-Latino undergraduate engineering student who took a newly
developed engineering course that integrated issues of racial inequality. As measures of



engineering identity continue to be increasingly used in models of engineering education,
findings from this study have implications for refining understandings of how engineering
students relate to their engineering training and profession along with issues of social (in)justice,
social identity, and community.

Background
Engineering identity

Undergraduate engineering identity is widely studied (e.g., [3], [4], [24], [25]), and is
theorized to be composed of three constructs: performance/competence, interest, and recognition
(e.g., [5], [26]-[32]). Performance is defined as social performance of engineering practices,
while competence is an understanding and knowledge of the topic that is often less visible than
performance [26]. Interest refers to interest in learning and performing engineering [27]. Finally,
recognition is being seen as an “engineering person” by “significant” others and by oneself [26].
We expand on prior studies of undergraduate engineering identity to explore ways in which
engineering identity may be related to social identity and identification with social justice.

Social identity in STEM contexts

Social identity (i.e., race, ethnicity, gender, socioeconomic status, religion, ability, sexual
orientation, immigration status) plays an important role in engineering contexts. For example,
while recognition is an essential component of an engineering identity [33], individuals from
underrepresented groups in STEM may struggle to be recognized as competent. The dominant
epistemology of “white, middle-class, masculine norms” devalues other ways of knowing and
perpetuates the unwelcoming culture of STEM departments where meritocracy and competition
reign [34]. Racial/ethnic identity is central for many Black students in engineering [35], [36]
however, research has shown how racial/ethnic minoritized students often negotiate their racial
and cultural identities against traditional STEM disciplinary cultures [18], [23]. The racism faced
by Black engineering students is often not overt, but is subtle and pervasive [37]. Students are
more likely to switch out of engineering and other technical majors when their identity does not
align with the culture of the program or field [38]. Thus, racial and gender identities may be
primary factors in negotiating identity and expectations in engineering (e.g., [39]-[41]).

Social Justice Concerns Among Engineering Students

Generally, research examining large datasets has shown that undergraduate engineering
students are less likely than undergraduate students in other fields to believe that an individual
can change society, to describe themselves as socially concerned, or to engage in promoting
racial understanding or social action [20], [22], raising concerns about the training of engineering
students. Although there have been changes to undergraduate engineering education including
the addition of goals of “making a difference” and “social relevance” [42]-[45], more recent
studies have continued to show concerning outcomes for engineering students [15], [17]. Prior
studies do, however, reveal important differences in STEM students’ social justice values by
race/ethnicity [15], [17]. These studies have shown that Black and Latinx students in particular
often negotiate these values and motivating interests against the dominant engineering culture
that devalues these concerns, illuminating how these students largely develop their social
concerns without critical departmental/disciplinary support (e.g., [21], [36], [46]). However,



there has been less of an examination of how students’ social justice concerns in relation to their
racial/ethnic identity and engineering identity may develop within the context of an engineering
classroom that may support this development rather than devalue it.

Framing
Transformational Resistance in the context of engineering

In this study, we examine resistance to the dominant narrative of engineering as white,
middle-class, and masculine through the dimensions of critique of social oppression and
motivation to engage in social justice [47], [48]. We adapt Solorzano & Bernal’s [49] definition
of resistance for examination of resistance in the context of engineering, as shown in Figure 1.

Figure 1
Four types of Resistance in an Engineering Context (Adapted from Solorzano & Bernal [49])

Critique of the Role of Engineering in Social Oppression

Self-Defeating Transformational
Resistance Resistance
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Justice within or through Engineering within or through Engineering
Reactionary Conformist
Behavior Resistance
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Boundaries between these four behaviors are flexible and blurred; manifestations of resistance
may differ greatly between individuals [49]. Additionally, different behaviors of a single
individual may fit into different quadrants. This framework for resistance is not intended to
assign more or less value to students whose resistance falls in these different quadrants or to
describe any deficiencies in students. We recognize that not all engineering students have equal
resources (i.e., time, effort, knowledge, finances) to engage in transformational resistance and
that students alone are not responsible for transforming the culture of engineering. The behaviors
in each of the quadrants are explained in the following section, with a reminder that a variety of
circumstances could affect the kind of resistance a particular student demonstrates.

Reactionary behavior, which is not actually a form of resistance, may take the form of a
student acting out against or challenging authority figures for no particular cause [49]. Adapted
to an engineering context, reactionary behavior is when a students’ behavior demonstrates no
critique of the role of engineering in social oppression and is not motivated to address social
injustices within or through engineering. An example of this is a student who acts out or behaves
poorly in class or a lab without recognizing and critiquing the social conditions that make them
behave in this disruptive manner.



Self-defeating resistance occurs when a student engages in notions of resistance that are
not transformational (does not help transform their oppressive status in the long run) and often
re-create oppressive conditions [49]. For example, in the context of engineering, an engineering
student who chooses to leave college because they have critiques of social oppression within
engineering but not because they are motivated to change the social injustices within or through
engineering, behaves in a way that does not help to transform engineering in a meaningful way
and can be destructive to oneself or others by not finishing college.

Conformist resistance occurs when a student engages in superficial solutions which may
help themselves and others achieve better conditions, but do nothing to address the structural
inequities causing the problem [49]. In the context of engineering, conformist resistance is
behavior that seeks to address social injustices within or through engineering but has no critique
of the role of engineering in social oppression. An example is an engineering student who
believes that the best way to help reduce the number of students leaving engineering is to offer
tutoring for their peers so that they can better adapt to the culture of engineering [48]. While this
student demonstrates social justice motivation, they engage in a superficial solution within
existing social systems and social conventions that does not deal with structural causes of the
problem and has no critique of engineering [48]. Although tutoring supports the students being
tutored to be successful in the current system, because the student does not critique or challenge
the social inequities causing students to leave, the behavior is conformist rather than
transformational.

Transformational resistance occurs when a students’ behavior demonstrates a critique of
oppressive systems as well as a desire for social justice [50], offering the greatest capacity for
social change [49]. We argue that in engineering, this is behavior that is motivated to address
social injustice within or through engineering and has a critique of the role of engineering in
social oppression. Transformational resistance can take internal or external forms. Internal
resistance appears to conform to norms, but individuals are consciously engaged in critique of
oppression. Importantly, internal transformational resistance is different from conformist
resistance in that the student does take on a social justice agenda, although their behavior may
not openly demonstrate this motivation for social justice [50]. In the context of engineering, a
student engaged in resisting stereotypes about their gender or race in engineering by choosing to
stay in engineering (despite their recognition of the injustices within the field) demonstrates
internal transformational resistance. In fact, persistence in an engineering major may itself be a
form of internal resistance [50]. In contrast, external transformational resistance appears with
more overt, non-conforming behavior that overtly operates outside of tradition. For example,
engineering students engaged in external transformational resistance might advocate for changes
to university policies or the culture of engineering through protests or political writing. Because
internal resistance may be subtle, external resistance is often romanticized while the more subtle
form of internal transformational resistance may go unnoticed or be ignored [49].

Because the boundaries between these four behaviors can be blurred, it is important to
understand an individual’s intentions as well as the impact of their behavior. For example, a
woman in engineering may believe that the best way to combat the low number of women in
engineering is to become a mentor for other women in the white, male space of engineering.
While this student demonstrates a social justice motivation, their intent matters in considering
whether such behavior is conformist versus transformational. If the mentor tries to prepare their



peers to be better situated to succeed within the current system, they would exhibit conformist
resistance. But if the mentor focuses on teaching mentees about and challenging the white, male
culture of engineering, they would exhibit transformational resistance.

Identification with social justice

In this study, we adapt frameworks for examining students’ multiple identities [51], [52]
to examine undergraduate engineering students’ engineering identity and social identity,
alongside a conceptual identification with social justice (Figure 2). We put forth a conceptual
identification with social justice as a method of operationalizing students’ concerns about
societal oppression and motivation to address social injustices as an integral part of how they
describe themselves and who they are, which we posit relates to the form of resistance in which a
student engages. Specifically, a student who identifies more strongly with a social justice
orientation may be more likely to engage in transformational resistance or conformist resistance
while a student who does not identify with social justice ideas may engage in self-defeating
resistance, reactive behavior, or may not engage in resistance at all. In this study we use
resistance (specifically, the dimensions of critique of the role of engineering in social oppression
and motivation to address social injustices within or through engineering) to define
identification with social justice and to gain insight into a student’s identification with social
justice in the context of engineering.

Figure 2

Conceptual Framework for Studying Engineering, Social, and Social Justice Identities

Social

Engineering
‘ Identity

Identity
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The framework may not apply the same way to each individual. For example, one
individual may have a strong gender identity that greatly overlaps with their identity as an
engineer and their identification with social justice. For this individual, the social identity bubble
might be larger, and shown to overlap a great amount with engineering and social justice
identities. In contrast, an individual whose gender identity is less central and does not influence
their identity as an engineer might be represented by a smaller social identity bubble that does
not intersect with the engineering identity bubble. This fluid framework might also be used to



represent themes in identities across individuals. Using this framework, we integrate frameworks
for resistance [49] and engineering identity [51] to consider the ways in which engineering
identity and identification with social justice may be co-constructed in engineering, and the
relationship that social identity may have with these identities.

Research question

The purpose of this study is to tell the counternarrative of an Afro-Latino, male
undergraduate engineering student who was enrolled in a course that integrated engineering and
social justice. Counternarratives are a tool for revealing experiences that are not often brought
into focus and for analyzing and challenging prevalent dominant narratives [53].
Counternarratives are essential to contradicting the dominant white, male, middle class [34]
narratives about engineering and may also demonstrate the specific challenges that individuals
from minoritized populations may face in STEM. Ceritical literature examining race and gender in
STEM education commonly uses counternarratives as a tool to explore the perspectives of
students who come from historically marginalized backgrounds (e.g., [37], [39], [54]-[56]). The
experience of the participant in this study is a counternarrative to the majority white culture of
engineering. We use this participant’s counternarrative to examine the concepts of
transformational resistance, engineering identity, and social identity, and how these concepts
relate to each other in the context of engineering. Specifically, we address the following research
questions: Do engineering identity, social identity, and identification with social justice relate in
this student’s story and how does he describe those relationships? We take an asset-based
approach to examining this engineering student’s understanding and concern for social justice
with the goal of empowering students to continue to concurrently grow in their engineering
identity, motivation to engage in social justice, and critiques of social oppression.

Methods

A qualitative case study approach was used to explore the experience of a Black, Latino,
male, undergraduate computer engineering student with the pseudonym Andre [57]. Instead of
looking for large themes across many participants, we chose to use a single case study to
forefront Andre’s unique story and to describe in detail overlap (or absence of overlap) between
engineering identity, social identity, and identification with social justice in his story. This study
was approved for human subjects research by the Institutional Review Board at the institution,
and Andre gave informed consent to participation in all aspects of this study.

Context and participants

A discussion-based engineering elective course that comprehensively integrated content
focused on social justice and racial equity, which we call by the pseudonym Engineering and
Race in the USA, was the context for the selection of our participant. The goal of the course,
taught by a Black, female associate professor in an engineering department, was that students
learn from one another and think critically about whether and how systemic racism is enabled by
engineering and technology, and where race matters are embedded in socio-technical systems
(i.e., systems made up of people and technology). The 15 students enrolled in the Fall 2020
course were graded on their participation in class discussions, their leadership of the class
discussion for a single class period, weekly reflective essays in which they synthesize and react
to the assigned readings, and their final paper and presentation on race matters in the socio-



technical system of their choice. Engineering and Race in the USA was selected for study due to
the unique content and the first author’s familiarity with the course and the professor, which led
to increased access to data and participants [58].

Engineering students whose racial identities have been historically marginalized and first-
generation students enroll in this elective course in higher proportion than is representative of the
university at large. Specifically, students were 19% Asian, 25% Black or African American, 19%
Hispanic, 31% White, and 6% multi race. Half the class was female and the other half were
male. The course was taught at a mid-Atlantic university at which 24% of undergraduate
engineering students are Asian, 5% are Black or African American, 6% are Hispanic, 50% are
White, and 6% are multi race. An additional 3% of undergraduate engineering students are
international students, while the race of 7% of students is unknown.

Our participant, whom we gave the pseudonym Andre, was enrolled in Engineering and
Race in the USA during the Fall 2020 semester. Importantly, Fall 2020 was the first semester
that this course was being offered at the university, and the course (and many other courses at the
university) was taught virtually, which may have impacted the experience. We interviewed
Andre in Fall 2021, one year after he was enrolled in the course. We chose to examine Andre’s
story, specifically, because of the easy rapport he had with the interviewer that led to detailed
and thoughtful descriptions of both identity and resistance. Additionally, we felt that it was
important to tell Andre’s story of being a Black engineer, in particular, due to the focus of both
the course and our research on issues of race and social justice in engineering.

Data collection

The primary data source was a one-hour long interview with Andre, which was used to
learn about Andre’s social identity, engineering identity, perceptions of social justice in
engineering, and critiques of social oppression. The narrative-style interview asked Andre to talk
about the experiences he had in the course and relevant experiences prior to taking the course,
and asked questions that explored Andre’s engineering identity and his perceptions of what it
means to be an engineer, critiques of social oppression, interest in social justice, and perceived
changes in these dimensions from taking the course, in line with the frameworks. The interview
included questions such as:

e What do you know about social justice issues related to engineering?

e Do you see yourself as an engineer? Why or why not?

e Do you believe science or engineering departments should be involved in
addressing social/racial injustice? Why or why not?

The interview questions were developed by the team of four researchers based on the
frameworks for transformational resistance and engineering identity, an interest in racial and
social justice in engineering, and participant context. An initial list of interview questions was
drafted through multiple discussions. These initial questions were modified after three students
were interviewed to improve the overall flow of the interviews and to elicit greater conversation
around social identity. Andre was then interviewed using the finalized interview questions.
Andre had no relationship to the interviewer prior to this study.



A second source of data consisted of artifacts of Andre’s work from the course, including
final presentation slides, a final essay, and 11 weekly written reflections. These artifacts provided
additional insight into Andre’s perceptions of social justice in engineering and his critiques of
social oppression, and the weekly essays in particular provided data about these topics across the
semester Andre took the course. This second data source was used to triangulate the interview
data and strengthen the validity of the findings [19].

Analysis

We chose to take a holistic coding approach [59], [60] to analyze the interview transcript.
We coded for broad themes in the interview, and then zoomed in to examine how the themes
related. First, four researchers read the interview transcript and listened to the audio file to
become familiar with the participant and the content of the interview. Then, each researcher
individually conceptually coded the transcript at a high level for the themes of engineering
identity, social identity, critique of social oppression, and social justice motivations (Table 1), in
alignment with the frameworks, and particularly looked for where these concepts intersected.
Each coder then summarized and reflected upon the main ideas that Andre brought up in the
interview and the intersection of the high-level concepts.

Table 1

Thematic Codes

Code Definition Examples from Andre
Engineering What makes someone an “From high school to college, whenever you
Identity engineer; how one relates to the  hear ‘engineer’ you just think numbers,

role of an engineer and is formed numbers...”
by the characteristics and
expectations of that role.

Social Race, ethnicity, gender, “When I go into classes, you might be the
Identity socioeconomic status, religion, only Black person in the class. Luckily for
ability, sexual orientation, me, in my major we've had seven other Black

immigration status, and how these computer engineers [...] so  had a
intersect to inform who you are. ~ community that I look out of.”

Motivated  Student expresses that they are “Because I know definitely Black people in
by Social = motivated by an interest in social [University] have opened doors for me, so I
Justice justice want to do the same thing for the next

generation of new engineers, or just Black
engineers in general.”

Critique of Student expresses a critique of “...you'd have to acknowledge that there are
Social social oppression or societal issues in engineering in the first place, and
Oppression inequalities doing that means you have to confront just the

systemic racism that's already embedded in
engineering and other forms of STEM.”




The four researchers then met to discuss their thematic coding and the intersections of
themes expressed by the participant. Through their discussion, the researchers established the
form of resistance in which Andre reported to be engaged and detailed the ways that his ideas
about engineering were shaped by critique of social oppression and social justice motivation. The
first author then created an analytic memo [61] based on the discussion to provide a detailed
summary of the findings from the participant, while also winnowing the data [57]. The other
three researchers revised the memo to further validate the findings. This memo was a starting
draft for the findings reported in this manuscript.

After the researchers had generated an initial memo from Andres’s interview data, two of
the researchers analyzed the artifact data collected from Andre, again looking for the same
themes used in the holistic coding analysis (Table 1). The two researchers independently
examined each artifact, specifically looking for passages of writing that aligned with the themes
noted in the interviews, while also searching for any disconfirming evidence as a strategy for
strengthening the validity of the findings from the interview data. After this independent
analysis, the two researchers met to discuss their independent findings in order to reach
agreement concerning the findings from this data source. In that discussion, the researchers also
expanded the analytic memo to include new ideas and additional evidence of ideas from the
interview data. Again, the other researchers read and revised this memo to strengthen the validity
of the findings.

Finally, a summary of the final memo was sent to Andre for member checking to
strengthen the validity of the findings. Andre had no critiques of the memo and agreed with our
summary of his thoughts.

Researcher positionality

The authors of this work firmly believe in the importance and relevance of social justice
and civic responsibility in the field of engineering and engineering education. The authors
recognize the many ways that engineering influences our society, and the ways that engineering
can perpetuate systemic racism in society. Due to the focus of this work on identity, and
particularly social identity, it is important that we, the authors, describe our own identities and
acknowledge how our own identities influence our interactions with the participant and the data.
The first author is a white woman with degrees in chemical and systems engineering. The other
authors include two white women with backgrounds in chemistry and higher education
administration in an engineering school and one Latino man with a background in applied
mathematics and higher education. While the authors all have STEM backgrounds, we
acknowledge that we cannot share in the intersectional experience of being a Black person and
an engineer. The participant’s social identity and engineering identities are uniquely his own and
we have done our best to report on his experiences using his own words wherever possible to
authentically and meaningfully reflect Andre.

Findings

We examined the story of a single participant with the pseudonym Andre. Andre was, at
the time of the interview, a fourth-year undergraduate engineering student studying computer
engineering. He had family members who worked as engineers which made him feel like
engineering was a viable career option. He signed up to take Engineering and Race in the USA



because he thought that it would be an interesting course given that he had not previously had
many opportunities to talk about race and how it overlaps with technology in his engineering
training. Before taking the class he “didn't know anything really” about how racial or social
justice issues related to engineering and technology. Andre’s social identity informed his
critiques of social oppression. He perceived social justice to be part of an engineering identity,
and his social identity also shaped both his engineering identity and his views on social justice.
These connections will be explored in the following sections.

Andpre’s description of his social identity and his personal experiences with racism

Mid semester, Andre reflected in a weekly essay about his complex racial identity and
how it related to the constraints of society. Andre wrote in the essay that he “felt comfortable
with being Afro-Latino.” Based on the manner in which the U.S. recognizes race and ethnicity,
answering questions about race was sometimes challenging for Andre. He wrote in his reflection:

I would ask my mom whether I should fill in Black or Hispanic knowing that I was Afro-
Latino. [...] Looking back at it now, I can only assume that she knew that my Blackness
would overshadow any other aspects of my identity in the eyes of the American society.

Andre did not bring up the complexities of his racial identity in the interview, choosing to focus
solely on his racial identity as a Black person.

Andre’s racial identity related to his first-hand experiences with racism. For example, in
his interview, Andre talked about a Black friend who told him that he “looked Black on the
outside but really acted white on the inside.” This confused Andre, who was already struggling
to understand his complex racial identity, and made him question if his Black peers saw him as
white. Andre said in the interview:

I felt at times I wasn’t Black enough to be accepted by the Black community so parts of
me wanted to be white. But knowing how Blackness is seen in the United States, any
effort I put towards that goal would never be enough.

In addition to the complexities of being Afro-Latino, Andre also described complexities in the
ways that he was identified as Black and the fact that he could not change his Blackness or how
his Blackness would be perceived in society. In his interview, Andre said that, as a Black person,
he could never ignore social oppression. Andre believed that the presence of racism was the
same within engineering contexts as it was elsewhere in his life. He said of himself and his Black
peers, “I think we've just been exposed to [racism] all our lives, so it's not like it's any different
talking about it in engineering versus talking about it in [any other] class. You're still going to be
experiencing it.” Andre described being exposed to a certain amount of social oppression first
hand, and how he felt a certain amount of acquiescence concerning social oppression in his life
as a Black person, whether or not he is in engineering contexts. Andre also described how he and
his Black peers have, over the course of time, accepted that they are often the only Black
students in the room and that racial issues relevant to their experiences were not discussed in
classes.



Relationship between social identity and identification with social justice

In his weekly reflections, Andre provided examples of his understanding of the role of
engineering in social oppression through examples of: providing access to clean water, the prison
industrial complex, providing healthcare solutions, accessing quality housing, voter suppression,
and algorithms used to make decisions about peoples’ lives. While his first weekly reflection
included little to no language critiquing how engineering may contribute to racial oppression,
every weekly reflection that followed did include critique of the role of engineering in
perpetuating oppression. For example, Andre wrote in his second assignment:

Engineering has always been part of holding up systems of oppression from the very
beginning of slavery using whips, chains, and other tools. [...] The role of engineering in
US prison industrial complex can be seen before individuals reach prison. The lack of
resources in public schools in impoverished neighborhoods such as transportation and
lack of adequate technology in addition to harsh school policies have been a factor in the
rise of mass incarceration. Just how technology has been used to keep prisoners in prison,
the lack of technology has contributed to prisons gaining more prisoners.

Throughout the remaining reflective essays, Andre also made many personal connections to the
material. For example, when reflecting on a documentary about slavery in the fifth essay, Andre
wrote:

It is scary to see how white fragility has remained common between Solomon’s time and
my time. Though the consequences for disrupting this white fragility are vastly different,
the effect is the same. Bit by bit, breaking down the identity of the Black person until
nothing is there.

The personal connections that Andre made between social oppression and his own life
demonstrate his critiques of the ways in which society has allowed for racism and discrimination
to continue. His interview and written assignments also demonstrate a sense of his motivations to
work toward a more just society. For example, when reflecting on voter suppression, Andre
wrote:

I have had arguments with a couple of my Black friends about why they don’t want to
vote and how even if they did, it would be pointless. For me personally, I believe that for
young Black Americans I think we should not only vote so the country can hear our voice
but also to respect and show appreciation to all of the Black people who were blocked
from voting, threatened for voting, and even killed for voting.

This quote demonstrates Andre’s personal connection to issues of social oppression in voting, his
motivation to take on his civic responsibility to vote, and his understanding of how this social
issue is historically related to his racial identity.

All of the examples of social oppression in relation to engineering that Andre chose to
discuss in the interview also related to his social identity as a Black person. For example, the
ways in which Black people are often viewed on the internet through search algorithms struck a
personal cord for Andre:



“I learned [...] how influential society has been in terms of, for me, being a Black person
and seeing how Black people are seen on the internet. I think they had an article about
Black girls, and how if you search that back in the early 2000s, pornography would come
up, which is wild to me, versus now it's obviously changed. The fact that those two words
were associated with that type of content, that means [...] the initial thoughts of it was
just like anything that's Black and women, it's obviously just sexualized.

Because Andre identified as a Black person, he chose to give this example when asked about
how social justice relates to engineering. Particularly, at the beginning of this quote, Andre
highlighted how this specific example of Black women being sexualized also impacted him as a
Black person through the broader issues surrounding “how Black people are seen on the
internet.” Andre was able to give a specific example of how engineering contributes to a larger
social issue that he is personally connected to through his racial identity.

In another example, Andre discussed racial bias in software used by police officers. This was a
“personal experience” due to Andre’s identity as a Black person and because his father was a
police officer. He said:

My father, he's a police officer, and talking to him about what's so bad about using
machine learning software and all that, and I'm telling him like, ‘If you have bad data,
then you're going to get bad results, that's it. [...] you're just going to create a cycle of just
areas that are crime infested even though they really might not be, but because you've
pointed that out back in the 1980s or the '90s when there was definitely some racism
going on, then now we're going to still see that same thing is happening and it's just going
to be a continuous cycle.’

This quote demonstrates that Andre had an understanding of how engineering can perpetuate
societal racism, and had engaged in conversations about these issues with his family. A weekly
essay contained an expanded description of Andre’s conversation with his father. Andre
described his father as a Black man, living in a time when Black men “were treated blatantly like
second and even at times third class citizens,” who witnessed the “countless times that police
have hurt the Black community.” Despite this, Andre wrote that his father was “defensive” of the
belief that the technology was not biased, “but rather the people using the technologies are using
the technology in a biased manner.” Andre wrote that it bothered him that his father denied the
systemic issue. Andre said “I don’t understand why putting on a badge [caused] such a change in
perspective about the police, especially when they at one moment in their life have faced
injustice from the police.” Andre allowed his social identity to influence his critiques of social
oppression, and was bothered that his father did not hold those same critiques despite similar
experiences.

Further, Andre wrote about his belief that his father, due to his status as a police officer,
had some amount of power to offer critique of the police force. Andre expressed a desire for his
father to use this power to engage in social justice work and help bring equity to policing. He
wrote in a weekly reflection:

But if the minorities that are enlisted into the police force agree with what the general
majority of the police force believes in, then the manner of technology being integrated



will be swift and without any backlash due to using diversity as a cover of confirmation
rather than a check for equality.

These reflections about the conversation with his father demonstrate the personal nature of
Andre’s critiques of social oppression and, to a lesser extent, his engagement in conversations
about working towards social justice.

Additionally, Andre was critical of how issues of social oppression can be viewed and
acted upon in engineering. He spoke about how the similar acceptance of social oppression in
engineering contexts further exacerbated the lack of discussion of racial injustice in engineering:

Man, we really don't talk about [social issues] at all. We definitely have social issues as
Black people here, and then engineering over there, but they're not together. We talk
about it, but we don't talk about it together sometimes. And I think that's just on our part-
just the acceptance. [...] I don't feel like it's good enough.

Andre demonstrated an understanding of the role of engineering in social oppression, and of how
his racial identity contributed to his understanding of social oppression. This understanding also
related to his critiques of the way social oppression, and racism in particular, is viewed within
engineering. Andre’s social identity was related to the way that he identified with social justice
in engineering contexts through critique of social oppression.

Relationship between engineering identity and identification with social justice

Andre reported that his views on social justice greatly informed his perceptions of
engineering and that understandings of social justice issues were essential to being an engineer.
He said:

If you're an engineer that doesn't know social justice issues, why are you an engineer?
You're supposed to be the building blocks of society, but if you don't intake what society
wants or it needs, then your use is really minimal.

This comment demonstrates that, to Andre, motivation to engage in social justice issues can be
the same motivation behind engaging in engineering. This connection highlights the ways that
Andre’s views of engineering were entwined with a motivation to engage in social justice.
Andre’s weekly essays and final project provide additional insights into Andre’s perceptions of
the ways engineering relates to social justice. In one weekly essay, Andre wrote:

As engineering is a tool which can be used to meet certain goals, we can change our
perspective and think of possible ways we can re-engineer the system to benefit and help
those who have been oppressed. Before expanding on how to re-engineer the system, we
must understand that the system won’t simply change by ‘re-engineer the system,” but
rather changing the social perspective of race in this country. If the United States upholds
the idea that people of color are a threat to society then there isn’t any type of re-
engineering that will fix the system. With this being understood, we can begin to view
possible options for how to re-engineer the system.

Andre not only demonstrated an insightful understanding of social issues and their relationship
with engineering, but also critiqued the quick fix that might be embraced by engineers at the



expense of more nuanced understandings. Andre instead advocated for larger societal changes
that require an honest investigation of the goals of engineering and the history of race in America
and its modern implications.

Further, Andre said in the interview that engineers should be curious about things beyond
the technical- things like history, law, and society. To Andre, the connection to society should be
a focus of engineering, as he said in his interview, “like making sure as an engineer that you
could see that your calculus class is somehow related to something that's happening in society
that's a real-world issue. I feel like that should be a main thing.” For Andre, engaging in “real
world issues” or “social justice issues” was a bridge between the technical aspects of
engineering, and engineering’s usefulness in society. Thus Andre’s engineering identity was
greatly informed by his being motivated to engage with social justice.

Relationship between engineering identity and social identity

Andre’s engineering identity was also greatly informed by his identity as a Black person.
At first, he struggled to answer the interview question “do you see yourself as an engineer?” He
initially responded “I don't know, I don't know.” Andre’s identity as a Black person, and the
concern for social oppression that accompanied it, meant that he did not describe himself as a
“stereotypical engineer” because “a stereotypical engineer is so focused all the time about their
engineering, or they’re always coding. I don’t feel always like that, I worry about social issues.”
Upon further reflection, Andre identified himself not as an engineer broadly, but as a “Black
engineer,” specifically. He said:

Man, I am a Black engineer. No matter how technical, how good I am, whatever
capabilities I have, I will always have to face that social issue of being Black in America,
and whatever that comes with that.

Social issues related to his Black identity felt inescapable for Andre, and this was true no matter
how competent Andre felt as an engineer. This reflection was part of a larger reflection about
how engaging in Engineering and Race in the USA “made it more prevalent” that he was a Black
engineer. He described how the “connections [he] had with the stories that were told or the
content [he] was reading” caused him to accept that he could not separate his racial identity from
his engineering identity. Not only did his racial identity cause him to have to face issues of being
Black in America himself, but it also meant that he brought a perspective of caring about social
issues into his role as an engineer.

Andre went on to define being a “Black engineer” in more detail. To him, being a “Black
engineer” meant additional self-doubt, questioning from peers, pressure to represent all Black
people, and constantly being in white spaces. He said:

As a Black engineer, you have to just face a lot of hesitation, like are you supposed to be
there? A lot of doubt from other computer classmates, like, ‘Oh, do you really know this?
Are you actually smart?” And then also the pressure- people look at you like you’re like
the spokesperson for all Black people, like, ‘Oh yes, could you talk about why Black
people are struggling?’ Then too, it’s just being in white spaces all the time. I feel like
[Institution] engineering is just such a white space, like everywhere I go is just white
people. [...] In my major I have a little small space that I know that is all Black people.



Outside of that, I feel like it’s just consistently trying to prove myself and telling people
that I’'m worth it, that I’'m supposed to be here.

In this definition, Andre outlined how being a Black engineer is comprised of the struggle of
questioning your identity as an engineer (through hesitation and being in white spaces) while
your identity as a Black person defines you (through pressure to represent Black people). For
Andre, engineering identity was inseparable from his social identity as a Black person, which he
described added many challenges to being an engineer.

Relationship between engineering identity, social identity, and identification with social justice

Andre’s final presentation and final essay, both titled “Why an introductory course of
Data and Algorithms as being biased would help combat bias in the Engineering Field,” argued
for the combination of social and technical issues in engineering on the basis that critical thought
about social issues is essential to being an engineer. He chose to examine this topic for his final
project because of his belief in the connection between engineering and social change. The
following excerpt from his final paper describes his motivation:

If the future is engineering, only a small amount of people will be controlling the future
and where it will lead. Furthermore, the same engineers that don’t want to take classes
about diversity, language, and history because it too much “information”, are the same
people who will be building the future systems, most likely taking the biased ideas they
had from high school into the work setting without any opportunity for those ideas to be
criticized. Honestly, this showed why engineers need to take the time to understand the
cultural, social, economic, and political impacts their technologies have when revealed to
the world, especially if no one else does.

Andre’s argument that engineers must be exposed to information that challenges what
they know and take time to understand social implications of their work was tied to Andre’s
larger argument about the integration of technical and social aspects of engineering, specifically
through engineering courses that focus on these topics. This argument echoed ideas that he
expressed in his interview, as he said about numbers:

Engineers need to be taught that numbers are not simply just numbers, especially as
engineering becomes more of a foundation in the technologies that are used in daily life.
[...] If a generation of engineers are taught to be more critical of their own foundations
and include social awareness in their projects, their ideas may have a greater impact on
the communities that their projects are aimed at.

Andre viewed an engineering course that integrates social issues as a way to reduce bias in the
technologies that are used in daily life and impact communities through exposing engineers to
the social impacts of their technical work. This argument demonstrates the relationships between
Andre’s perceptions of engineering identity, social identity, and identification with social justice
through the exploration of the ways that he, as a Black engineer, understood how separating
technical and social aspects of engineering perpetuate racial bias in society.

Andre stated in his interview that he viewed the separation of technical aspects of
engineering, what he called “numbers”, from their influence on society as a way of making
engineering “easier for white people to digest, so that they don't have to worry about those



issues.” He went on to say that this was because to integrate social issues “you'd have to
acknowledge that there are issues in engineering in the first place, and doing that means you
have to confront just the systemic racism that's already embedded in engineering and other forms
of STEM.” Implicit in Andre’s statement is the idea that the separation of technical and social
skills in STEM perpetuates systemic racism by allowing systemic racism to continue
unconfronted.

Another example of the overlap between Andre’s perceptions of engineering identity,
social identity, and identification with social justice is through his discussion, in both interview
and artifact data, of the counterspace of Black engineers and the larger community of people of
color in which Andre found community. Due to the challenges of being a Black person in the
white space of engineering, Andre described how he sought out connections with other Black
engineers who understood his experiences and these challenges. Andre reported in the interview
that this community of Black engineers was foundational to the formation of his engineering
identity and was a “support group” to Andre throughout his degree. Andre wrote in a weekly
essay that he has not had “bad experiences” at his university due to “staying in mostly POC
[People of Color] spaces.” Andre could be a Black engineer who was motivated by social justice
in this space. With relation to his identity specifically, he wrote that he felt comfortable in these
POC spaces because he did not feel “the need to prove my Blackness to anyone.” Andre
demonstrated that it was important for him to embrace his Black identity, which he felt
empowered to do in “POC spaces” despite the white culture of engineering. He wrote that the
“POC space” was:

Space in which I can maintain my Blackness in a sea of primarily engineers. Though I
still admit that when I am in white spaces with no other Black people, I do tend to place
my some of my Blackness in the backseat, I have gotten better with expressing my
complete identity in any space that I am in.

This POC space was significant to Andre because it related to his reflections on social justice
more broadly, and particularly to his written reflection on slavery and the erasure of Black
culture. He wrote:

Even at this position that [ am in, I am still not free. It makes me mad to know that all the
culture that Black people have is being stolen [...] So my hope is for the future one day
these communities of color can live in peace and maintain its history without the fear of
being overtaken and rebuilt into something that wasn’t made for them.

For Andre, engaging in this POC space and embracing and living out his identity as a Black
person was an act of resistance against this history of social oppression.

In his interview, Andre reflected that the course “put the idea of helping other people
more in the front of what I want to accomplish, like made that more of an important value in my
engineering career.” And Andre described thinking about helping other people of color in his
interview, specifically:

I think with my degree, I want to try to open doors that aren't opened up for other Black
people or POCs, basically, because I know definitely Black people in [University] have



opened doors for me, so I want to do the same thing for the next generation of new
engineers, or just Black engineers in general or POC engineers, anything.

Again, Andre was greatly influenced by the community of Black engineers with whom he was
connected. These connections inspired him to want to build connections for others.

In summary, Andre’s social identity as a Black person greatly overlapped with his social-justice
oriented view of engineering, and greatly shaped how Andre viewed engineering and his role in
engineering. He also understood the potential impact that he could have on future Black
engineers.

Limitations

There are several notable limitations to this study. This work is limited in scope to
provide a more detailed account of the experience of a single participant. While the findings
from Andre may not be transferable to the experiences of engineering students at other
universities or those of engineering students broadly, these specific findings are important in that
they further illuminate the experiences of a Black engineer. Additionally, Andre was non-
randomly solicited through his participation in a course focused on racial matters in engineering.
Andre, who chose to sign up for this elective course, may have more strongly identified with
social justice than is representative of undergraduate engineering students broadly.

A final limitation is that the interview captured Andre’s views at a single moment in time,
but engineering students’ views on identity and social justice may be developing over time.
While we used course artifacts to provide some insights into Andre’s views across the semester,
longer-scale impacts of the course remain unexamined. Future research can examine engineering
students’ views on social justice and identity longitudinally over multiple semesters in order to
examine growth and gain insight into the ways that these views are transformed throughout an
undergraduate engineering curriculum.

Discussion

Andre’s story provides a counternarrative to the common misconception that STEM is
neutral or that social justice does not have a role in STEM [62]. Andre’s story also provides
insights into the challenges of being Black in engineering at a predominantly white institution.
The use of a case study to examine Andre’s counternarrative allowed us to center Andre’s voice
in an effort to allow him to tell his story through our exploration of his forms of resistance and
the ways in which we interpreted how his social identity, engineering identity, and identification
with social justice may interact.

Social identity and engineering identity

Despite being asked in the interview about various aspects of his social identity and how
these domains intersect, Andre focused solely on his Black identity. In parallel to his reflection
on his mother saying that American society would allow his blackness to overshadow other
aspects of his social identity, he himself overshadowed other aspects of his multifaceted identity
in favor of focusing on his Black identity. Research demonstrates that this may be common for
people of color with otherwise dominant identity domains, as one’s identification with a social
identity that is targeted tends to make that identification the most psychologically powerful and



salient [63]-[65]. As a result, we have deep insights into how Andre’s Black identity related to
his engineering identity, but little to know insights into how his Latino identity may have shaped
engineering identity in intersectional ways.

Andre’s social identity was not only related to the way he identified as an engineer, but
was entirely inseparable from his identity as an engineer, or rather his identity as a “Black
engineer.” This study expands on prior literature that indicates that racial identity and
engineering identity may be related (e.g., [39]-[41]) to demonstrate the ways that racial and
engineering identities may be inseparable for certain students (e.g., [35], [66]). Andre’s
counternarrative of navigating a white space as a Black engineer further demonstrates how the
social oppression to which Black engineers may feel personally connected might motivate their
use and understanding of engineering. Andre’s perception that his white classmates' were able to
ignore social injustices demonstrates a danger of the limited development of students’ sense of
responsibility concerning social issues in STEM education (e.g., [15], [17], [20], [22], [67],
[68]). Specifically, limited development of social responsibility may lead to the isolation of
Black students. Because the racism faced by students in higher education is often not overt [37],
a lack of emphasis on social responsibility in engineering education can perpetuate systemic
racism and isolation of Black students.

Social justice in engineering

Findings concerning the relationship between Andre’s social identity and his motivation
to engage in social justice issues through engineering align with prior work which suggests that
the lived experiences of individuals from historically underrepresented groups in STEM may
shape the goals of these individuals and impact how they value working for social change [17].
This research also demonstrates the potential value of leveraging social justice motivation and
understandings of social oppression that students bring with them into engineering programs in
order integrate these social justice understandings into defining what it means to be an engineer.
Future research is needed to examine resources related to social justice that students might bring
to engineering and the ways in which instructors might build upon these assets to strengthen
students’ resistance and engineering identity.

Andre’s form of resistance

Initially, Andre may have had critiques of social oppression without being motivated by
social justice, as he said that he did not know much about social justice related to engineering
before taking the Engineering and Race in the USA course. Thus, Andre may have been
exhibiting self-defeating resistance [49, p. 317]. However, Andre’s story is one of change
because Andre himself described moving from looking out for his own success as a Black
engineer to seeing the importance of helping other Black engineers. As Andre began to feel
motivated by social justice, in combination with his continued critique of social oppression,
Andre’s form of resistance began to move towards transformational resistance [49, p. 319]. This
was no longer self-defeating resistance because Andre did demonstrate a social justice agenda.
Specifically, Andre demonstrated internal transformational resistance, where his behaviors
appeared to conform to the norms of engineering as a successful engineering student in an
accredited engineering program, but he was consciously engaged in a critique of social
oppression through taking the class and spoke about being motivated by social justice in that he
demonstrated a desire to help others navigate the white space of engineering [49, p. 324]. Andre



did not display external transformational resistance because he did not describe any behavior or
desire to overtly go against the norms of engineering [49, p. 325].

Relationship between engineering identity, social identity, and social justice

Andre’s story offers insight into how social justice motivation and critique of social
oppression intersect with an engineering identity. For Andre, social, engineering, and a changing
identification with social justice were observed to overlap. Namely, Andre’s social identity as a
Black person informed his critiques of social oppression, and thus his identification with social
justice, in that he had personal connections to the social oppression of Black people that he
experienced, witnessed, and learned about (Figure 3).

Figure 3

Andre’s Overlapping Engineering, Social, and Social Justice Identities

Engineering Identity:
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Next, Andre’s identification with social justice informed his engineering identity in that
Andre viewed understandings of social oppression and social justice motivations as key elements
of being an engineer, and believed that social justice could be used to make the technical aspects
of engineering useful in society. Additionally, Andre’s social identity was inseparable from his
engineering identity in that he viewed himself as a “Black engineer” (Figure 3). Thus, Andre’s



social, engineering, and social justice identities were all interconnected in that Andre’s social
identity as a Black person greatly overlapped with his social-justice oriented understanding of
engineering, and greatly shaped how Andre said that he intended to use engineering towards
social justice oriented goals. Specifically, Andre expressed his desire to support other Black
engineers and for larger changes to happen in the culture of engineering in line with a social
justice agenda (Figure 3). Through Andre’s counternarrative, we were able to begin to describe
relationships between engineering, social, and social justice identities.

Critique of the separation of social and technical skills

Andre’s story lends support to calls for the importance of integrating the technical aspects
of engineering with the development of students’ sense of social responsibility (e.g., [15], [20],
[22], [67], [68]). Andre openly criticized the separation of social and technical skills in his
engineering experience, in line with prior research that has shown this separation to be prevalent
in engineering (e.g., [62]). He also connected the devaluing of social aspects of engineering (e.g.,
[69], [70]) to perpetuating the whiteness of engineering. Specifically, he pointed out how
separating the technical aspects makes engineering easier for white people to digest because it
allows them to ignore social issues and their responsibility in social issues. Andre also said that
in his experience, engineering students from racial identities that have been historically
marginalized often want these social aspects integrated into engineering, which is supported by
prior research suggesting that individuals from historically underrepresented groups in STEM
may be motivated to engage in STEM with the goal of working for social change [17]. Thus,
integrating social issues into engineering content may support the goals of individuals from
historically underrepresented groups in engineering. This is in line with previous research that
considers STEM education as a way to empower students whose racial identities have been
historically marginalized (e.g., [26], [68], [71]), while also strengthening the sense of social
responsibility in all engineering students. A true socio-technical engineering education in this
way would benefit not only Black engineers and other engineers of Color, but engineers broadly.

The call to integrate issues of racial and social justice into engineering curricula relates to
our descriptions of the relationship between engineering, social, and social justice identities.
Social and technical aspects of engineering must not be separated in undergraduate engineering
programs just as, for some students, their social and technical (engineering) identities cannot be
separated. This is in line with prior work that suggests that the white, male, middle class culture
of STEM education may hinder efforts to instill a sense of responsibility concerning social issues
in students [67]. Our findings demonstrate the importance of integrating social and technical
aspects of engineering in order to support the success of all students, because the current culture
of de-valuing social aspects of engineering does not support students like Andre who, due to the
integral nature of his racial identity with his engineering identity, cannot ignore social justice
issues.

Significance

This study used transformational resistance and engineering identity as lenses to consider
how engineering identity and identification with social justice may be co-constructed in an
undergraduate engineering program. It is the goal of this work to empower engineering students
to be civically and socially engaged in their problem solving and understanding of engineering.
The findings of this study have implications for institutions and engineering instructors, as well



as implications for persistence and representation of engineering students and professionals.
Findings of this study may also have implications for how institutions leverage students’ social
justice resources that they bring into engineering, integrate issues of social justice into
undergraduate engineering programs, and broaden perspectives of engineering such that the field
might appeal to a wider variety of students. The ways that engineering students are supported by
instructors and institutions to incorporate social justice into their engineering identity might
empower engineering students to affect social change. This study may help scholars better
understand how social justice motivation and critique of social oppression intersect with
engineering students’ definitions of engineering and views of themselves as engineers. Results
may highlight the value and utility of integrating issues of social oppression into engineering
education for potentially increasing student interest, persistence, and representation in the field of
engineering.
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