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Abstract: Background: How do Indigenous engineering students describe their engineering leader-
ship development? The field of engineering has made only slow and modest progress at increasing
the participation of Indigenous people; an identity-conscious focus on leadership in engineering
may help connect the practice of engineering with Indigenous students” motivations and values.
Methods: This study utilized a grounded theory qualitative approach to understand how Indigenous
engineering students at a U.S.-based university experience engineering leadership. We explored the
experiences of four Indigenous engineering students through one interview and one focus group.
Results: Students pointed out how Indigenous peoples had long engaged in engineering work before
contact with European settlers, and they saw an opportunity for leadership in applying their engi-
neering knowledge in ways that uplifted their home communities. Conclusion: In addition to ways
that engineering programs can better support Indigenous students who aspire to become practicing
engineers, our study pointed to new directions engineering programs could take to frame engineering
work as providing a toolkit to improve one’s community to leverage a wider set of motivations for
entering engineering among many different communities underrepresented in engineering, including
Indigenous students.

Keywords: engineering; engineering identity; Indigenous STEM; Indigenous students; leadership
identity; Native American students; STEM; STEM inclusion

1. Introduction

The engineering profession in the USA continues to struggle with the seemingly
intractable problem of improving representation in the profession, e.g., [1,2]. During recent
years, engineering education researchers focused on student retention have seen promising
results through the application of identity-based approaches, e.g., [3,4]. However, much
of the identity-based research in engineering utilizes those groups most represented in
the field [5]. This work seeks to broaden that perspective with a specific focus on the
experiences and perspectives of Indigenous students enrolled in engineering programs.
Specifically, we employ qualitative methods to explore the perspectives of Indigenous
engineering students on the relationship between three aspects of identity: Indigenous
identity, engineering identity, and leadership identity.

Furthermore, examining the role of the engineering profession throughout US history,
the engineering profession has largely served the nation’s colonial goals around expanding
resource extraction and exploitation. How well does the engineering profession serve the
needs of Indigenous communities in the USA? Many engineering academic programs trace
their history to the Morrill Act of 1862, which promoted the “mechanical arts” (now known
as engineering) as an important field of study to be taught in the land-grant colleges the act
established in each state. These new states, and the lands within them that were sold to raise
money for these land-grant colleges, were only “available” to the US government through
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the forced removal of the First Nations that called these places home [6]. As the engineering
profession reckons with this historical legacy and struggles with the seemingly intractable
problem of improving representation in the profession, we propose that centering the voices
of Indigenous engineering students, against the backdrop of First Nations” continued work
to reassert sovereignty and self-determination, can help decolonize engineering training
and practice in ways that offer liberatory possibilities for the purposes engineering could
serve to improve society.

2. Positionality

This study was conducted at a university in the USA, which situates our exploration
into Indigeneity within that sociohistorical context. Our participants are from communities
affected primarily by settler colonial actions taken by the US government, which may reflect
those of other Indigenous peoples in other parts of the world but will also uniquely reflect
this setting. Furthermore, although the research was conducted at a university in the USA
recognized for its commitment to Indigenous students, the university is a predominantly
white institution (PWI), and the main authors of this study are non-Indigenous and white.
We are not directly affected by the systemic abuses on Indigenous communities and
individuals. The cultural genocide Native Americans experienced in the residential school
system sought to eliminate Indigenous knowledge and promote colonizer epistemology [7].
The authors acknowledge that they, as white academics, are part of settler colonialization
on the ancestral lands taken to establish the land-grant university system [6].

The primary three authors are a non-binary student researcher and two professors who
are men. The additional student co-authors who assisted with data collection and early drafts
of the work are a white woman and a Native Hawaiian man. As a predominately white
research team, we hope to highlight the words of the Indigenous participants in our study (as
will be discussed in the Trustworthiness section) and hope that Indigenous researchers will
continue research into the field of engineering leadership identity development.

3. Literature Review

This work seeks to bring together several somewhat disparate sub-fields of study
within engineering education. Since the primary focus of this study is an exploration of the
ways in which an Indigenous identity is related to engineering and leadership identities,
we must ground the study in the literature of indigenous identity, engineering identity,
leadership identity, and the nascent literature in engineering leadership identity. To do
this, we start with brief overviews of the most common areas of the literature, engineering
and leadership identity, before diving into the areas most related to this work, engineering
leadership and Indigenous identities.

This study builds on the authors’ previous work in the field of engineering leadership
identity [8,9]. That work utilized qualitative methods drawing from a varied sample of
engineering undergraduates, to explore the intersection of engineering identity develop-
ment and leadership identity development. Little work exploring these the same subjects
exists specifically for Indigenous students, an oversight likely due to the frequent sub-
sumption of Indigenous students into research on racial/ethnic minoritized students [10].
Therefore, we must contextualize this work within the field of Indigenous education and
Indigenous Identity.

3.1. Engineering and Leadership Identities in Engineering Education

Identity is a concept that reflects how an individual is positioned relative to broader
society. Situated learning theory suggests that identity is central to human development
as learning of all types is constructed within and defined by context [11]. Numerous
aspects of identity continue to gather interest by engineering educators and researchers.
This interest is driven by the positive effects that development of an engineering identity
appears to generate, including improvements in motivation, self-efficacy, and persistence
in the field [4,5,12-14]. For this work, we consider engineering identity to be a form of
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professional identity [5] that is largely authored by students through their experiences in
engineering education during college [15].

Similar to engineering identity, leadership identity can be defined in a number of
ways, depending on the lens (e.g., developmental psychology, sociocultural, etc.) utilized
to develop the definition. When considering leadership identity in college students, we
utilize a commonly accepted approach from Komives et al.’s [16] Leadership Identity
Development (LID) model. Grounded in developmental psychology, the LID presents a
staged development model based on the core finding that students’ leadership identity
develops when they deepen their understanding of what constitutes leadership. A key
aspect of this growth is when students move from a positional to a relational definition of
leadership [16].

3.2. Indigenous and Engineering Leadership Identities

An important and burgeoning body of research has demonstrated the ways that
traditional Indigenous knowledges, particularly those of Native American communities,
have been excluded from engineering and other STEM degree programs. This literature
demonstrates the resulting dissonance Indigenous students experience when encountering
the dominant epistemology and culture when studying these fields.

Tension between the learning frameworks of Indigenous communities and mainstream
academia was recognized by participants in a study of the experiences of Native American
students in science, engineering, and health fields. These students also expressed the
dominant epistemology in these fields did not value and respect their knowledge and
values. For example, a student felt deep discomfort when using human bones from
cadavers in their classes due to cultural beliefs about handling the dead. Other students
in this study recognized their Indigenous ancestors as mathematicians and engineers in
ways not recognized by mainstream STEM fields. As such, these traditions and ways of
knowing are not acknowledged in the classroom [17].

Foster and Jordan [18] determined that Indigenous ways of knowing STEM concepts
should easily integrate with mainstream engineering knowledge to make engineering
more accessible for Indigenous students. In comparing Diné and engineering philosophies
of learning, they explained that one Navajo method of internalizing knowledge entails
thinking, planning, living or implementing, and reflecting and assuring. Similarly, one
version of the engineering design method instructs the engineer to ask, imagine, plan, create,
and improve. The two are not entirely dissimilar frameworks. Foster and Jordan’s [18]
work not only aligned with Cech et al.’s [17] point regarding STEM concepts as always
having been traditional Indigenous knowledges but see this alignment as an opportunity
to broaden the participation of Indigenous students in engineering.

In addition to reclaiming traditional knowledges in engineering, Indigenous students
often view studying engineering and other STEM fields as contributing to their Nations’
perseverance. A study of three Navajo, Tohono O’odham participants on their cultural
connections to engineering asked participants for their perceptions of engineering and
encouraged the participants to connect that definition to their culture. The emergent themes
show that these Indigenous engineers see engineering as “a cultural strategy to survive”
and “a process for community development.” Whether it be due to the perceived social
mobility that an engineering career may offer or a deeper understanding of the issues facing
First Nations in the USA, Indigenous students may be motivated to study engineering
for different reasons than their peers, reasons essential to their persistence in engineering
programs. Taken together, though the published literature on Indigenous engineering
identity is still developing and recognizing that much of the knowledge on Indigenous
engineering is present in forms other than the written word, these studies represent many
key findings regarding Indigenous engineering identity, leading the way for much future
work in this area.
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3.3. Indigenous Student Leadership

The studies found in the literature on Indigenous student leadership primarily focus
on student organizations and are not specific to STEM students or the process of leadership
development. Rather, these findings are relevant to our study in that they reveal the ways
leadership is conceptualized differently through Indigenous epistemologies. Minthorn [19]
conducted focus groups with Indigenous student leaders yielding three overarching words
students used to describe Indigenous leadership: commitment, community, and collabo-
ration. The Indigenous student leaders interviewed in that work showed an expansive
definition of leadership. They saw their leadership as a way of representing their nations
and keeping their cultures alive, being a role model, and a handful of other factors that
may not present themselves in a more individualistic view of leadership. The students
also described the motivation and dedication it takes to be an Indigenous student leader,
especially at a PWI [19].

Regarding our context in the USA, education and leadership in relation to Indigenous
people are more well studied subjects but sparse when it comes to STEM subjects. Education
and other fields need more Indigenous leaders “who are knowledgeable about their culture
and secure in their identity” [20]. Leaders should be secure in their identity because,
according to Comanche author John Tippeconnic, the same qualities that make him a
good Comanche are the qualities that make a good leader. One’s values reflect in their
leadership as a display of one’s identity: “Comanche values promote leadership that is
cultural, ethical, inclusive, collaborative, shared or team based, diverse, and accepts and
promotes the broader worldview of education” [21].

One narrative essay stands out as most relevant in the academic discourse on Indige-
nous engineering leadership identity development. In her essay “Walking in Beauty on an
Ever-Changing Path: A Leadership Perspective from a Native American Woman Engineer”
Sandra Begay-Campbell [22], “a member of the Zuni clan (Naneesht’ézhi Tachii'nii) of the
Navajo Nation born as a gift to [her] father’s clan, the Bitterwater Clan (T¢ dich’finii),”
describes engineering leadership that is informed by her identity (p. 150). Begay-Campbell
documents her development as an engineer and a leader through the Beauty Way Chant,
a Navajo holistic teaching, leading her back to a path of self-defined success despite hard-
ship. Other points along Begay-Campbell’s identity development path include growing up
in a matrilineal society, her connection to fellow underrepresented minority STEM students,
and understanding the changing seasons in her career. Although not an undergraduate
student perspective, Begay-Campbell’s documentation of her journey through engineering
and leadership helps uncover ways Indigenous students’ understandings of leadership
may differ from mainstream (white) perspectives.

4. Theoretical Framework

The theoretical framework informing this study is founded in the perspectives that
shaped the overall engineering leadership project. This is expanded with essential un-
derstandings about Native Americans pertinent to understanding the unique context of
Indigenous students in the USA developing engineering leadership identity. We will
first briefly summarize the community of practice and leadership identity development
models that shaped the overall research project, and then we will articulate our essential
understandings about Indigeneity that guided this analysis. Finally, we will reveal how
the two connect to help us articulate what we learned from our participants in this phase
of the project.

Our understanding of engineering leadership identity integrates Lave and Wenger’s [23]
communities of practice (COP) model with Komives et al.’s [16] leadership identity devel-
opment model (LID). The COP model is used to highlight the situatedness of engineering
education and its interest in professional identity formation while the core contribution
from LID is acknowledgement that college students develop a sense of leadership iden-
tity as they come to internalize an understanding of leadership as a process. Lave and
Wenger [23] described the process of learning a specific practice, such as the profession



Educ. Sci. 2021, 11, 675

50f18

of engineering, as situated learning, or learning that results from direct engagement in a
shared practice. Novice learners engage with a given practice through legitimate peripheral
participation in a community of shared practice. Over time, they become more central
participants as they master the practice and become full members of the community. It is
at this point where they have developed competence within the shared practice, have
mastered performance of that practice, and have earned recognition from others in the
practice—as well as themselves—as members of that community that they identify with
that practice [24,25]. In engineering, this stage is referred to as engineering identity.

As novices become more central practitioners within a community of practice, we
also posit that they might start to be recognized as leaders within their communities of
practice. However, simply viewing one as a leader due to being a central participant in a
community of practice limits the definition of leadership. Instead, we use the LID model to
view the exercise of leadership as a process that can be shared by anyone in a community
opens the potential of all members to contribute to the goals and interests of the community.
A central argument of Komives et al.’s [16] LID model is that this transition—moving
from seeing leadership as a behavior exercised by a person holding a specific position of
authority to seeing leadership as a process shared within a community or organization—is
the point where college students start to see themselves as leaders. The LID model shows
college students progressing through six stages on their way to developing a solid sense of
leadership identity, and the transition point between the third and fourth stages is where
they make this shift in their thinking about leadership. We have hypothesized in earlier
work that bringing legitimate peripheral participants who understand leadership as a
process into a community of practice could blend their sense of leadership identity with
their burgeoning professional identities in generative ways for the communities in which
they practice [4,8,9].

The concepts of community of practice and leadership as process complement essen-
tial understandings about Indigenous leadership from the literature on Native American
perspectives on leadership. For example, Minthorn [19] acknowledges community en-
gagement and social responsibility as integral aspects to Native American leadership.
Furthermore, team-based leadership in particular complements how leadership is exer-
cised within Native American communities [26], and Native college students experience
these values through an emphasis on leadership that serves their home communities [20].
Some of these values were developed through the histories and traditions of the myriad of
nations collectively referred to as Native Americans; some of these values were developed
as a necessity to maintain resilience through the historical trauma from contact between
European settlers and the Indigenous nations of North America.

That said, Indigenous people are not a monolith. Although many of these shared
qualities can be observed among the various Indigenous nations in the USA, each First
Nation has a distinct history, culture, traditions, and knowledges that distinguish its iden-
tity among other nations [27]. No single person speaks on behalf of all Indigenous people,
or even the entire nation in which they may be enrolled. Furthermore, the relationship
between the US government and each individual nation can complicate the experience
of Indigenous identity for any person whose ancestors are indigenous to North Amer-
ica [28,29]. While many nations are federally recognized, some might be recognized by state
governments but not the federal government, and other nations are still seeking recognition
to gain access to resources [30]. Nations have also been coerced into establishing standards
for people to claim enrollment as a member, practices that may allow some descendants of
Indigenous people to continue to claim enrollment in a nation and bar others from such
claims. We allowed prospective participants to decide for themselves if they identified
as Native American or Indigenous in some way as they were deciding to participate in
this study.



Educ. Sci. 2021, 11, 675

6 of 18

5. Methods

In order to understand how Indigenous students describe their engineering leadership
identity development in their own words, we conducted a qualitative study to explore
their experiences, using an approach similar to that of Minthorn [19]. This study is a piece
of a larger grounded theory study seeking to explain how undergraduate engineering
majors develop engineering leadership identity and built off the methods of that study. We
conducted specific outreach to Native American students at one of our three study sites.
This site is a university known for graduating Native American students in STEM.

We conducted one focus group and one interview with Indigenous students focused
on their experiences of engineering identity, leadership identity, and engineering leadership
identity. We first conducted the interview with an Indigenous student who then helped us
organize and facilitate the focus group for this study. Data were collected in spring 2020,
just as the COVID-19 pandemic was emerging in the USA.

Overall, four Indigenous engineering undergraduates participated in this study.
To protect their confidentiality, they chose pseudonyms to represent them in the find-
ings: Ashley, Ethan, Victor, and J-man. Participants included members of the Crow and
Blackfeet nations, a student with Aztec ancestry, and a Native Hawaiian. Three partic-
ipants were men and one a woman. Furthermore, three of the four participants were
non-traditional students. They had started or completed other degrees before enrolling in
their current engineering programs. For example, one student had started in mechanical
engineering 10 years previously but described that time as being in “party mode.” He
chose to come back to school after working in the food service industry. Another student
was enrolled in a tribal college before transferring to the four-year institution.

The interview protocol used in previous focus groups, which included a variety of
students, were modified slightly for the Indigenous focused part of the project. Students
were asked to share their Indigenous nation and cultural backgrounds at the beginning of
the session. Follow-up questions prompted participants to contextualize their experiences
in their Native culture and upbringing. The protocol then covered areas such as engineering
identity, leadership identity, and engineering leadership, with questions that overlapped
with those of Anderson and Jordan [31]. Interviews were professionally transcribed and
imported into NVivo qualitative analysis software for analysis.

6. Analysis

Analysis began by coding the transcripts in an emergent manner to center the words
of the participants in the analysis. Two authors (first and second author) of this work
read both transcripts several times to familiarize themselves with the data and then wrote
memos and margin notes based on the potential codes that were emerging. These two
authors came to consensus around a set of five broad codes to apply to both transcripts.

Next, the third author coded the two transcripts deductively using the codebook
developed from the larger grounded theory project. This second phase was to inform the
analysis as to places where the two codebooks—the new one created from the Indigenous
student responses and the existing codebook from the overall grounded theory project—
converged. This phase of coding is best described as structural coding as it primarily
followed the interview protocol.

Following these two coding phases, we examined points of convergence and diver-
gence between the two sets of codes. Points of convergence, where coding overlapped to a
great extent, helped us identity themes regarding how these four students experience their
identities relative to engineering and leadership. Points of divergence offered important
context for the themes, particularly around students’ backgrounds and motivations for
entering engineering. Excerpts from the transcripts were organized into four major themes,
and significant statements within these excerpts were identified and woven together to
develop each theme.



Educ. Sci. 2021, 11, 675

7 of 18

7. Trustworthiness

We engaged several strategies to ensure the trustworthiness of the findings presented
here. To ensure credibility, we focused explicitly on what participants said and not our
understandings of the topic, using quotes to develop a rich, thick description of themes.
One benefit of a small sample size was that we were able to engage more closely with the
participants in the research process. We engaged in reflexivity to reveal our position as
researchers in the research process, part of which can be found in the Positionality section
of this paper. To ensure consistency, we worked as researchers to reach consensus on
coding as well as thoroughly documenting the analysis process. For transferability, our use
of thick description and other contextual information helps situate the findings relative to
how they may transfer to other settings.

Finally, for relational accountability, we acknowledge that a unique attention to re-
search ethics is not only warranted but essential to ensure our research process did not
reproduce the exploitation common to research on Indigenous communities throughout
USA history. First, our study was reviewed by the university Institutional Review Board
and approved as exempt from review. Furthermore, we acknowledge our ethical obliga-
tion to ensure these findings are as beneficial to the communities this research represents,
as we expect the findings to be in advancing scholarship on engineering leadership. As is
common in Indigenous research methodologies, we will share these findings with offices at
our study site that support Indigenous students in STEM, and we provided these findings
to our participants to review. We will share these findings with offices at our study site that
support Indigenous students in STEM, and we provided these findings to our participants
to review. These relationships have the potential to then shape this work further, beyond
what can be captured as a snapshot in one journal article.

8. Results
8.1. What It Tnkes to Become an Engineer

Participants nearly unanimously identified perseverance as an important aspect of
becoming an engineer. Ashley stated, “It’s applying yourself to a lot of very uncomfortable
situations and forcing yourself to just stick it through because that’s literally what I've been
doing this entire college career.” Students tackled problems through an iterative, trial-and-
error process where discipline and grit helped them through. Self-doubt was one challenge
they faced. In Ethan’s words, “I mean there is a lot of things that do that but definitely using
your brain more than what you thought you were possible to. Just that doubt that you have
in yourself. I feel like inner doubt is the biggest demon in this program.” Perseverance
consisted of mustering the psychological resources to push through doubt and develop
confidence in one’s engineering abilities, as Victor stated: “No matter how many times
you get knocked on your fucking ass, you still believe ‘I can do this.” ]-man provided an
example of his coping strategy for persevering through a difficult task:

There’s times where you hit a wall and there’s impossibility right in front of you. I don’t
know if this is possible to solve this. ... You get to where you're low on your own self.
Then you remember it’s not that bad. It’s just something I have to go through. ...

The problem with experiencing doubt was it led students to question their place in
engineering. Ethan summarized, “There’s definitely a lot of situations you get put in where
you're like, ‘Am I really cut out for this?” It really tests who you are.” At the same time,
participants recognized that engineering education is also intentionally set up to mirror
what engineering practice is like, including placing students in situations where they are
not fully equipped with all the requisite knowledge needed for a successful outcome. As a
result, Victor indicated that embracing a sense of vulnerability or humility was important:

And it’s like in the sense that the vulnerability to be able to say, ‘I don’t know all the
answers, I don’t know right now. I don’t know, but I am an engineer and I know how to
fucking figure it out.”
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Ashley provided a specific example of lab work where she found she needed to
develop self-directed learning skills to complete a project:

I work in a lab upstairs, and today I was given the job of creating a printed circuit board
for our computer system. And [the professor] just kind of mentions the last grad student
that worked on this it took them a year, and I was like, "'What? You want me to figure this
out?” I don’t even know how to make a printed circuit board, but I'm just forcing myself
to learn.

At the end of the day, students pointed to the meaning behind the successes achieved
from persevering through these seemingly intractable problems as contributing to their
own sense of becoming engineers. Ethan described this process as “trusting yourself,”
and Victor noted that this process has helped him come to enjoy engineering. He said,
“As you get better, you start to love it, but it really identifies the holes in my logical process
where I'm failing and where I haven’t been recognized and I need to work.” He felt as
though he were growing personally in addition to becoming a practicing engineer. Another
participant pointed out that this desire to learn and grow as an individual is inherently an
essential aspect of becoming an engineer. As Ethan put it:

“For me it’s just not being scared of reaching the point you want because I feel like in this
industry there’s no stopping point because everything is changing, everything is moving.
And so it allows you to grow within the industry. For me there’s no end point, just more
knowledge and I like that.”

While previous life experience enriched the students’ engineering development, the
students regularly discussed difficulties once in engineering school. One of these difficulties
was conflicts with peers in their home communities. ]-man described responding to this
conflict with a peer with love and empowerment, saying, “I don’t think I'm better than
you. But I think you could be better than you.” The students” unique paths to engineering
school were sometimes difficult, so they wanted others to persevere as they did to obtain
an education.

8.2. “I Get to Do That”

In addition to recognizing the need to persevere through challenging or ambiguous
engineering problems, students also felt it was fun to do engineering work. Much of what
made it fun was the role of imagination in tackling their academic work. As Ethan put
it, “You still get to be a kid because your imagination is what drives you to build what
you want to do.” Two students found the process of seeing what they imagined come to
fruition as fun within itself, making the difficult work of persevering even more worth
it. Ethan described, “Even though there are times that it is stressful, but you get to see
something come to life that you just thought in your brain, and that’s what I think is really
cool.” Seeing one project come to life opened J-man’s eyes to the endless possibilities
of engineering work: “One of the labs specifically was—we literally just put sodium
hydroxide with oil and we made soap and there was a layer of biodiesel and I was like,
‘Holy shit we can just make this here? We can just make anything here?”” What makes
engineering fun is not just making imagined projects come to life but also being able to
imagine new possibilities into the future.

Imagination and fun in engineering work make the possibility of a future career in
engineering, and even engineering academic work, more enjoyable prospects. As Ethan
put it, “I've got to make a living out of this, I've got to support people, but at the end of
the day you get to kind of have fun with what you're doing.” It is hard to deny that the
prospect of an enjoyable career would not keep these students motivated to follow through
with their goals. J-man described being entertained by his schoolwork: “And then I'll bust
out my problems, my homework and it’s fun. I don’t know if it’s fun, I don’t know if it’s
fun to just me.” Not all students would agree with this sentiment, but finding enjoyment
in one’s academic work would also be expected to help students persevere.
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8.3. “Yo, I Did That”

Not only does enjoyment of engineering work contribute to the process of becoming
an engineer but so does the sense of accomplishment that comes with reaching a goal
and how that accomplishment means one is developing confidence and competence in
engineering. As Ethan put it, “I had an opportunity just to mess around with the robotics,
and we wrote a code to make the arm move and pick up something, and I'm like, ‘Yo,
I did that.”” What may have seemed to be an impossible or opaque task before learning
the material and trying to write the code became a possible task after seeing a successful
outcome from Ethan’s effort. He went on to say, “Honestly it was when I wrote my first
program. ... Just seeing the code writing, and you're like, ah, it’s just a bunch of math and
numbers. And then you run it and then you see this thing walking across this screen and
you're like, yeah.” Students felt as though they knew what they were doing as a result of a
successful outcome from their hard work.

The confidence and self-efficacy gained after successfully achieving an engineering
outcome, coupled with the increased trust in one’s own abilities to do new engineering
projects, allowed participants to seek out the next challenge or opportunity afforded to
them. J-man stated:

You just got to find something you're really interested in and just jump into it. Relish in
the unknown. That’s how I feel. That’s one thing I'm really getting addicted to. I don’t
know what the hell this is and then you start learning stuff. I'll just work on it little by
little and there’s a point where things just start fitting. And it’s like, "Holy cow I think I
know what to do now.”

Knowing what to do in engineering contributes greatly to one’s sense of engineer-
ing identity.

8.4. Engineering Identity

In discussing their sense of engineering identity, participants generally adopted a
stance of being on a trajectory toward becoming an engineer but not feeling like an engineer
just yet. According to Ashley, “I'd just like to say I am an engineer in training. I mean I
obviously don’t know what I'm doing half the time.” J-man described how a lack of clarity
in his vision of his future engineering career was one factor inhibiting calling himself an
engineer. He said, “My ultimate goal is I want to start my own company and I'm still
working out an idea. I have too many ideas and that’s the problem.” For the most part, the
students all viewed themselves as on a path toward becoming an engineer, but for various
reasons, they still did not fully recognize themselves as engineers.

Victor was quite introspective when asked about engineering identity. He said, “Be-
coming that in here [points to chest] and believing that in here [points to chest] is totally
different,” acknowledging a difference between navigating the steps toward being able to
work as an engineer and recognizing oneself as having become an engineer. He elaborated:

If you don’t understand how the general relationships and your place in the physical
world exists, and the limitations of what you can do and create within the physical world,
then you can make some cool stuff, look-wise on paper, but it’s never going to come
to fruition.

In other words, becoming an engineer is more than mastering the knowledge and
tools that engineers use in their work. Becoming an engineer also involves attention to the
impact of engineering work on the social and natural world.

8.5. Recognition as an Engineer
Though they may not have immediately recognized themselves as engineers now,
students saw themselves as people working to become engineers. Victor explained:

When you consider yourself an engineer, that means that you consider you ve developed
the capacity to be able to take whatever problem and break it down into its parts enough
to put it into a way that you can understand it.



Educ. Sci. 2021, 11, 675

10 of 18

The participants provided examples where it appeared they may be closer to being
engineers than they recognized. Ethan described:

I'looked at the code for an hour just trying to see. .. it just looks like a bunch of number
and letters. And last night I was sleeping, and I woke up at three in the morning I was
like, ‘Oh shit.” And so I decided to work on it because in my head I was already thinking
about it. It’s just that nonconscious thinking, and so that’s what’s cool because before
I never thought that I could just look at numbers and letters and pull a Rain Man and
just.... And then I looked at the code and did the assignment and that was cool. Then I
told my roommates about it and they’re like, “You're weird.’

The movie Rain Man portrays a talented autistic savant, which is a harmful stereotype
to the autistic community; for many people, this exceedingly gifted individual is the top-of-
mind view of autism, a condition that encompasses people of various levels of care needs
and mathematic talent [32]. Ethan saw himself in this stereotype because of his coding skill,
which happened to be accompanied by a level of social rejection. He demonstrated the
capacity to think like an engineer even though, at the time, he may not have recognized he
could already do so.

Although participants may not have recognized themselves as engineers at the time
of the interview, they acknowledged the role of being recognized by authorities in the field
as contributing to a sense of engineering identity. As Victor put it:

“Being exposed that teachers say it’s okay that you see yourself as an engineer, because
until you... You may not feel it personally, but the sooner that you share that you do start
to believe that, the sooner that you actually start to see exponential growth within your
engineering endeavors.”

In this case, he pointed out how engineering faculty hold a degree of authority in
conferring legitimacy on students’ claims to being engineers themselves.

Recognition from their peers as having developed engineering competence also vali-
dated their engineering identities, such as Victor saying, “Because I think when you do
develop it, it’s almost the sense of people come and ask you for help with a problem, or
something like that.” He added that someone can be recognized as an engineer in spite of
following a nontraditional path into the field: “There’s plenty of dudes that I've met that
are geniuses and are brilliant engineers, and they’ve never gone to a traditional engineering
school.... And they’re doing stuff that a PhD should be doing, or whatever.” In the end,
though, what mattered was that these people were recognized by people in engineering
as engineers.

Recognition from others was also observed when discussing the process of seeking
out professional opportunities and asking for help. Ethan noted that engineers in industry
were more willing to help engineering students:

A lot of people in the industry are there to help you because theyve been that same person.
And so getting a job, whether it’s you wanting to go back to get a masters or whatever it
is, they’ll help you in that career you decide to take.

He went on to describe how challenging himself to seek out opportunities was more
productive than he expected it to be: “It’s helped me personality-wise not to be scared to
[introduce myself to people and] talk because when we had the career fair, I just wanted the
experience, but I just ended up possibly scoring an internship out of it.” Overall, though,
it was important to participants to note that one does not have to rely on oneself alone to
make it in engineering; relying on the community of practicing engineers is essential to
succeed professionally as well. Being able to receive help from this community then adds
that recognition as an engineer that is essential to developing an engineering identity.

8.6. “We've Always Been Engineers”

When asked about their perceptions of the field of engineering, and their own engi-
neering identities, students raised two points about their experiences as Indigenous people
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that significantly connected their ethnic identities to their engineering identities. First,
students recognized that Native people, particularly members of their specific communi-
ties or nations, are underrepresented in engineering. However, they reconstructed this
underrepresentation as a source of aspiration to enter the field of engineering.

The underrepresentation of Indigenous people and their own nations specifically in
professional settings was both discouraging and motivating for the students. They described
the difficulty of not seeing people like them in higher-up positions. They were also motivated
to become accomplished as Indigenous people in a predominantly white field. The students
noted that many of their predominantly white peers had family members in engineering who
encouraged them to be engineers, which was not typical of their experiences.

Not knowing many people who worked as engineers, or seeing many Indigenous
engineers, meant they were less familiar with the field of engineering before college than
they recognized many of their (white) peers were. Ethan, whose parents immigrated to the
USA, said:

I feel like because you guys grew up in more of the States” culture you understood
engineering. Where I, like my parents coming here, we don’t learn these things off the bat
like everyone else.

Ethan’s understanding of what an engineer did was based on his observations working
at a construction site. His perception from a young age was the engineer “sat in an office
and did nothing” because of the closed trailers engineers often work in at construction
sites. He saw his views switch from thinking the engineer was just a boss to an engineer
being active in the design process.

In contrast, Victor described how having a white adoptive father who worked as an
engineer influenced his decision to enter engineering:

I really, truly think that, I've thought about it more and more, I'm very fortunate, since I
do know both of my family, I get to see them and just be like, ‘Okay, well what would life
have been like if I had been raised in that household versus this household?” And I don’t
think I would be an engineer if that were the case, to be honest.

This speculation reflected how different the decision to enter engineering might be for
a person who has less familiarity with what the profession entailed.

Participants spoke about ways that they were able to become more familiar with the
field of engineering as they started to make decisions about careers and majors to pursue
and enter a four-year engineering program. J-man went on a high school job shadow
at a mining company where he asked whether anyone in the company shared his tribal
affiliation. It turned out that there was one engineering manager who did, and he described
the impact of job shadowing this role model: “But he was the first [Crow engineer] I've
ever seen that was just like me and for me that was, in retrospect, that’s where I feel like
I'm at. I'm the engineer now.” The impression this role model had on J-man inspired him
to want to pursue engineering and become a role model for other Indigenous youth.

A second path to becoming more familiar with the field of engineering was a summer
bridge program facilitated by the university for tribal and community college students to
transition into a four-year engineering major. Ashley pointed to this program as an essential
resource to help her transition from the tribal college where she earned her associate’s
degree into her current engineering major:

... 1t was a transition summer program to get me from. .. my tribal college or community
college and get into a four year. So, it was really good, and I had a good time and got
ready and 1 felt super ready for school.

Programs such as these can help students build the assets that help them navigate and
succeed in predominantly white engineering programs.

The irony, though, regarding students’ stated lack of familiarity with engineering as a
field became evident in a powerful exchange during the focus group setting. In J]-man’s words:
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... honestly, man, we’ve always been engineers. Native people. Look at all the problems
we had back in the day. They weren’t our problems. You know what I mean? We had
fixes for everything. We had medicines, technology, most powerful weapons at the time.

Otherwise put, the engineering they were learning in their four-year engineering
programs is based in knowledge circumscribed to reinforce and uphold settler colonialism,
a system of engineering practice bounded to exclude other forms of engineering knowledge
developed within other traditions. In this case, the recognition that engineering practice in
the USA has developed in a manner that deliberately overlooks the potential contributions
of Indigenous ways of knowing and traditional knowledges because of the displacement
and subjugation of Indigenous peoples. J-man continued:

And after this we don’t have to know everything. But we have the ability and the capacity
to learn everything we need to understand something and do something about it. That’s
how I feel about it.

Although engineering as a field has embraced lifelong learning as a professional
value over the past several decades, ]-man’s statement captures his point that engineering
knowledge as currently construed is both incomplete and limited in its delegitimating of
other forms of knowledge. To him the field of engineering could advance through being
“Indigenized” by embracing Indigenous knowledges to inform the content and practice
of engineering:

What's missing? The Native point of view. That’s the only thing that I think can propel
us into the future. And that’s where I feel like we’re going to be engineers, man. Us
Indians. We're the Indianeers.

This comment then becomes quite profound when cast against a different comment
from the focus group postulating the formation of an Indian Corps of Engineers in response
to the role of the Army Corps of Engineers overseeing construction of the Dakota Access
Pipeline. The students wanted Indigenous people to be the engineering leaders for their
own communities.

8.7. Understandings of Leadership

The reason students wanted to see Indigenous engineering leaders working on the
problems facing their communities is rooted in their perception of the purpose of leadership.
Participants considered leadership to be a tool for uplifting their communities. For one,
several participants viewed themselves as trailblazers, leading young people in their home
communities, especially their young family members and their future families, down a new
path. They wanted to set an example. Being a trailblazer was defined as “being passionate
about something and inspiring other people to want to do the same thing.” Ashley wanted
others to think “Oh they did it, why can’t I?” Ethan commented on being the older sibling
who was a first-generation student (high school and college) in the USA: “[I'm] just trying
to show [my sister] you can lead your own life.” He went on to say he wanted to be a good
example because of the difficulties his sister faces in her generation of young people and as
a first-generation student.

Family was a primary motivator when it came to trailblazing. Another motivator
was the students’ criticisms of where they were coming from. They went as far as to
say they were “the first person to not act backwards” or where they were from people
were stuck in “wretched things”, such as making fast money. These criticisms were made
from a place of empathy, though, in that participants were sensitive to the way members
of their communities were struggling. From their perspective, participants recognized
the ways their communities back home were constrained, and they saw their role as
offering empowerment. For J-man, humility and empathy are essential: “Furthermore,
I think you just have to say too, ‘Hey man, I'm not anything man.” We got to remain
humble.” The students felt for people who were inhibited by the hardships facing their
home communities, many of which are caused by settler colonialism’s continued impact
on Indigenous peoples.
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The carceral system was one of the oppressive forces Ethan described as holding down
his family. He was proud to say, because he finished high school, his nephew went to
auto mechanic school, and his niece is going to college, a task that should not be taken for
granted in his community. Ethan described his niece texting him, “You're the first one to
do it.” It was very clear to him that he was a trailblazer improving the lives of people he is
close to.

Victor, who was raised in a predominantly white community still said all leaders
should care about is “how can they help get their people better.” Leaders should ask
themselves one yes or no question: “this going to hurt somebody or not?” He specified
that he did not just mean physical harm but also factors affecting finances, emotions, time
spent with family, etc. It “is moving beyond yourself.”

8.8. Community Uplift and Collective Leadership

Because students felt leadership should be used to uplift one’s community, leadership
simultaneously was described in both individual and collectivist ways. The students
acknowledged that they were doing something that not many had done before them, but
they were clear that they were motivated by a desire to improve their communities. The
conversation moved from being about the difficulty of being the first to take a different path
to the way a leader is inherently in community with others. “It’s not leader; it’s leaders”
was how Ethan described it. He wanted a seat at the table, but he did not see the point in
being at the table if he was the only person there. He was lukewarm on the idea of calling
himself a leader because “you always learn from everyone else, because there’s always
going to be something I need help with.” Ashley agreed with Ethan but went on to say she
did not feel like a leader most of the time but called herself a “little leader” because of her
family, especially the women on the reservation, who she inspired by going to school for
engineering. Similarly, Victor described how reciprocity is inherent to good leadership. He
felt that a leader who cared for their people would in turn be cared for by those people.

J-man described how this form of leadership, which is often referred to as servant
leadership, had been observed historically within a Native American context, particularly
through the initial period of European contact in North America. He talked about how he
looked up to his ancestors who engaged in a degree of self-sacrifice toward the protection
of the community. As an example, he described how chiefs would embark on vision quests
when their communities faced the threat of smallpox to seek guidance:

[The chiefs] who I looked up to, they are so bad ass. .. Sometimes it was dire... When
smallpox happened, they went out there and someone would go and put themselves out
there. .. But it was like they would do a lot of bodily harm too sometimes. They would fast,
they wouldn’t eat they would go out there to die. Just to find help. To help their people.

He contrasted this form of leadership with today’s practices, emphasizing how leader-
ship needed to be more community-minded again: “People don’t do that anymore. We're
all self-preservationists now. You know what I mean? We have to prepare our people.”

J-man spoke with passion about leadership historically and in the present. Victor was
also interested and opinionated on what a good leader was, a concept he learned from his
father. He defined leadership as follows:

You can talk all the talk you want. Everyone can talk until they’re blue, but if somebody
just starts picking up rocks and moving it over to the other side, now eventually enough
people will start picking up rocks and moving it too.

In this case, not only was a leader willing to serve their community, but they also
recognized their responsibility as a role model to others.

8.9. Nuances in Leadership

In addition to examples of good leadership, students also described the ways leader-
ship had been harmful to their home communities. In many instances, it was their own
community leaders who were not acting in the community’s best interests. They saw
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their own political leaders as misleading their communities, typically unintentionally, on
important issues such as water rights. J-man recounted, “Our legislators and people that
were supposed to help us, like our leaders, they were spewing the things that they were
told.” His decision to major in chemical engineering was informed by the misinformation
he saw in his community. Similarly, Ethan, whose aunt had married a Shoshone man,
explained that “[The Shoshone have] done things for so long and then they get told by
someone that they think they trust because it’s going to benefit the area. Then, later on they
find out it’s not how things work.” Having engineering knowledge puts these students in
the position to protect Indigenous land and communities in ways political leaders may not.

Victor provided an example in which not owning up to misleading people and ad-
mitting a mistake had significant consequences. He brought up former President Donald
Trump’s comments during the COVID-19 pandemic on injecting bleach to fight the virus.
It was unclear to Victor whether this was a malicious comment or a misstep. According
to Victor, Trump’s appropriate response should have been, “I misspoke yesterday. Sorry,
everyone does it. You know, I misspoke.” Victor disappointedly followed up with, “he
can’t do that,” and proceeded to discuss how vulnerability and humility were key to good
leadership. Victor highly values self-reflection, so he turned inward to understand his
leadership development. In a hypothetical, he reflected on unethical leadership by a US
military member who was later charged with war crimes: “If I was in Afghanistan with this
dude and he was doing that, would I have had the balls to be able to say no?” he pondered.
Victor and the other students’ cultural and personal backgrounds inspired them to value
ethics in leadership. The positives and negatives of the nature of leadership were clear to
the students, and they aspired to be better.

9. Discussion

The purpose of this study was to explore how four Indigenous engineering under-
graduates developed engineering leadership identity. What we learned across these four
cases was that these students viewed becoming engineers and exercising leadership as
opportunities to improve the lives of communities such as those in which they grew up.
Engineering offered a sense of technical expertise that helped them solve pressing problems
in their home communities, and leadership is a process of being of service to those who had
given much to them. Becoming Indigenous engineering leaders also meant recognizing
that Indigenous people had always been engineers, just not using the same language
and frames of reference as the European settlers and USA occupiers have for the past
few centuries.

In many ways, the findings are quite similar to findings in our other work exploring
engineering leadership identity with predominantly white students. In those samples,
students also readily identify the need for perseverance to succeed in an engineering
program, gain self-efficacy through authentic engagement with engineering practice, and
find engineering work fun and enjoyable. Similar to the Indigenous group, past groups
were clear about the perseverance it takes to succeed in difficult classes [9]. They also
are reluctant to call themselves engineers prior to holding a degree and being licensed to
practice, but recognition by others, especially people with some legitimacy in the field,
does help them feel closer to seeing themselves as engineers.

The findings diverge when students discuss what the field of engineering means to
them as Indigenous people. This was most noticeable when they talk about leadership
both in and outside of engineering. First, the underrepresentation of Indigenous and other
minoritized students in engineering was a salient point that affected their experience in
engineering and provided motivation for them to enter the field. To some extent, as most
participants in this study are also first-generation college students, their experiences in
engineering are a lot like other first-generation college students. Many first-generation
college students note the unfamiliarity of the college environment and having few, if any,
college-educated role models to help them navigate the college system. However, further
than having access to college-educated role models, it was also quite evident to the partici-
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pants that they had few Indigenous engineering role models to look up to as they embarked
on this journey. For our participants, these role models provided a motivating factor not
only for their decision to enter engineering but to assume a role as an engineering leader for
other Indigenous youth who might be considering a career in engineering. The participants
recognized how a career in engineering could be transformative for them as individuals,
for their families, and for their communities.

That said, participants described a vision for engineering that went beyond increasing
the numerical representation of Indigenous people in the field. One might describe this
vision as Indigenizing engineering itself through a reclamation of the ways Indigenous
people traditionally engaged in practices that might be called engineering, as well as inte-
grating Indigenous knowledges into science and engineering. These discussions mirrored
literature that looks to reorient engineering practice toward a holistic betterment of soci-
ety [31] and points reflected in Cech et al.’s [17] study on epistemological dominance in
science, engineering, and health fields:

I mean, Native Americans were great engineers prior to 1492... They had built their
waterways and trade routes and stuff, and many of the current highways and waterways
today are built over those. So I think it's just... going into engineering by going back to
their ancestry to how they originally were engineers to begin with, too. (p. 753)

These points were also reflected in students” discussions of leadership. For the most
part, participants described leadership as a process that facilitates community uplift in
support of community sovereignty. In our prior work, we focused on the shifts students
made from either equating leadership with management or viewing leadership as ema-
nating from particular organizational roles to a relational process of influence that can be
exercised by any member of an organization. Instead, these four participants focused on
the outcomes of leadership; the ends targeted by the process of leadership development.
Serving as a role model to other family members, making sacrifices of oneself to seek
wisdom to guide a community, and combatting the role of misinformation in misleading
people to make self-defeating choices were all offered as examples of where leadership
should be directed. Participants’ core perspectives on leadership were that leaders should
have courage, be humble, and be one with their communities. An individual may choose
to exercise leadership in a given scenario, but that individual needs to be in relationship
with—and accountable to—their community to exercise leadership that best serves their
interests [20]. A similar concept was echoed by a participant in Minthorn’s [19] study:

“I am only because they are,” so I think that’s one thing that motivates me. The whole
reason I'm doing this is for my community, not for me (p. 82).

The leadership findings from this group were congruent with other research on
Indigenous leadership, specifically the emphasis on the importance of collaborative and
community-based leadership [19,26]. These perspectives also aligned with research on
Indigenous students’ experiences in STEM with respect to their motivations for entering
STEM, as well as research on other minoritized students” experiences in STEM [10].

As a whole, Indigenous students experience engineering identity in similar ways to
how engineering identity has been described in the literature, but they also felt that Indige-
nous knowledges had much to offer the field of engineering due to the ways Indigenous
communities have long engaged practices we would today refer to as “engineering”. Their
understanding of leadership was not only focused on how leadership happens but on the
ends toward which leadership is oriented: community uplift that restores the sovereignty
of First Nations. Engineering leadership, then, in this context, would encompass the appli-
cation of engineering practice toward community uplift. As such, Indigenous engineering
leadership might be understood in a decolonizing sense: the restoration of traditional
knowledge in engineering practice toward reasserting the sovereignty of First Nations in
the USA, a promising direction for future research in this area.

However, this vision for engineering leadership clashes with hegemonic views in
engineering that the field remain “depoliticized” [33], focused on seemingly neutral values
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such as “objectivity” and “meritocracy,” not recognizing that the racialized and gendered
nature of engineering practice embeds bias into current practices viewed as objective and
meritocratic. Reckoning with these embedded biases and reorienting engineering practice
toward more socially just ends [34] could also expand the potential for broadening the
participation of Indigenous and other minoritized people in engineering in ways that
helps these communities sustain the autonomy and agency needed to address their needs
and interests.

10. Limitations

This work is meant to continue a pathway toward more research focused on engi-
neering leadership identity among minoritized populations. More work, especially by
Indigenous researchers who may have more extensive baseline knowledge of the subject
and first-hand experiences to inform their perspectives, would greatly benefit the literature
on this subject matter. The COVID-19 pandemic reduced the breadth of perspectives
captured in this work by cutting short recruitment and data collection from Indigenous
students and future work should seek to add additional breadth. A study with increased
numbers of Indigenous students, diversity in nations/bands, location, and other factors
could be helpful in seeking saturation of data in this area.

11. Conclusions

This work contributes to the research conversation on Indigenous student leadership
and the experiences of Indigenous students in STEM fields by investigating the intersection
of multiple identity constructs. This work indicates that Indigenous engineering students
bring additional perspectives to the nascent field of Engineering Leadership Identity further
indicating that this identity construct needs further research. Furthermore, the unique
viewpoints on engineering and leadership expressed by the four Indigenous students who
participated in this work highlight new ways of thinking that engineering education could
benefit from incorporating. Specifically, Engineering Leadership development can provide
a method for uplifting communities in a way that is responsive and accountable to those
same communities. Engineering educators should seek ways to make this be a mainstream
value as it provides a source of intrinsic motivation to Indigenous students and the potential
to benefit others from groups traditionally underrepresented in the profession. In other
words, Indigenous students would benefit from the validation of Indigenous perspectives
on engineering and leadership validated and taught in engineering degree programs, and
the engineering profession as a whole could benefit if mainstream engineering thinking
was conceptualized in an Indigenous learning framework [17].
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