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Latinx Students’ Sense of Belonging in Engineering and Computer Science at an HSI

The persistent under-representation of Latinx people, particularly Latinas, in Engineering and
Computer Science (E&CS) is well-documented. This under-representation occurs both in the
pipeline into and through undergraduate E&CS studies, as well as into the profession: only one-
tenth of E&CS degrees were awarded to “Hispanics” in the ten-year period from 2004 to 2014
[1], while 2018 data showed that only 8% of the engineering workforce was comprised of
“Hispanics” [2].

To account for the persistent under-representation, researchers have studied the challenges
experienced by Latinx E&CS students [3] [4]. A key factor in persistence may be “sense of
belonging.” In the research literature, sense of belonging, or belongingness, refers to the
positive interactions and attachments experienced by an individual [5] and fostered within
institutional contexts [6] [7]. When a student has a sense of belonging, they feel connected and
that they matter to others on campus. Sense of belonging is thought to be a significant factor in
persistence with colleges and universities investing in mentorship programs that promote
belonging [8].

A large body of research literature has consistently found that Latinx students report a lower
sense of belonging than white students [9] [10]. In particular, first-generation Latinx college
students in predominantly white institutions [11] [12] report lower sense of belonging. In
addition, recent studies have investigated the role of various stakeholders in creating a sense of
belonging among Latinx students including: Hispanic Serving Institutions (HSIs) [13], mentors
[14], professional organizations [15] and families and communities [16].

Studies have shown a correlation between high levels of belongingness and academic success in
STEM [17]. In engineering education, specifically, studies have uncovered students’ own views
and experiences of belongingness [18] [19] and have shown the positive connection between
underrepresented students’ strong sense of “classroom belonging,” their engineering identity,
and their academic performance [20]. Strayhorn [10] compared white and Latinx students’
sense of belonging drawing on data from a large survey of students in four-year institutions. He
found that “academic and social experiences influence Latino college students’ sense of
belonging. For instance, it was found that grades and time spent studying positively influence
Latino students’ sense of belonging; time spent studying had a more powerful impact than
grades. Taken together, findings may suggest that Latino students who excel academically (e.g.,
high achievers) feel more connected to campus than those who perform less well” (p. 313).
Moreover, while time spent studying was a significant predictor of belonging for Latinx
students, for white students this was not the case. Strayhorn suggests that “time spent studying



reduces White students’ ability to engage in other activities that would increase one’s sense of
belonging (e.g., socializing with peers)” (p. 314).

Other studies of Latinx students’ sense of belonging specifically investigate its relation to
engineering identities. Latinx science and engineering undergraduates are often exposed to a
hyper-competitive culture that does not promote a sense of belonging [21]. In addition to this,
Latinx engineering undergraduates also reported the weight of outside responsibilities, travel to
campus and quality of interactions with peers and instructors as factors that may negatively
impact their sense of belonging [22]. While first-generation, low income engineering Latinx
undergraduates report lower sense of belonging, they show a remarkable sense of resilience by
actively constructing a sense of belonging in their area of studies by actively cultivating
relationships between their family funds of knowledge and their engineering practices, as
reported in one study [23]. Similarly, a study of professional organization suggests that for
Latinx students, commitment to community, engineering role modeling, and nurturing an
engineering familia are also crucial factors [15].

The present paper is part of a larger study on the relationship between identity and persistence
among Latinx E&CS students’ in their last year of E&CS studies at an HSI. In this paper, we
investigate Latinx students’ sense of belonging in E&CS by analyzing qualitative data to
understand how this sense was constructed in both collective and individual levels. We show
that the competitive culture of E&CS at the HSI potentially threatened belongingness, with
Latinas, working-class and immigrant/ transnational students experiencing additional,
intersectional threats to belongingness.

Methodology

This study is set at a research-intensive Hispanic Serving Institution on the US-Mexico border
which enrolls close to 24,000 students, 80% of whom are “Hispanic”. Four per cent of students
are Mexican; 83% of students are from the county in which the university is set. Our study is
situated within senior-level capstone courses in Mechanical Engineering and Computer Science
(E&CS).

In order to explore the connection between engineering identity and belonging, this study
draws on one-year of intensive ethnographic data collection [24] to examine: (1) how Latinx
engineering/CS constructed their engineering/CS identities; and (2) how Latinx students
experienced belonging in E&CS, both as a field of study and as a career option.



The study focused on 19 student participants who were selected using purposive sampling
based on the following criteria criteria. Student senior design teams would be formed based on
faculty member’s existing pedagogical practices. All members of the team would have to agree
to participate in the study. The teams would mirror the gender and ethnicity composition of the
E&CS student body (6 women, 12 men, all Latinx).

Three key sources of data were utilized: participant-observation in capstone courses (more
than 200 hours); in-depth interviews (52 total); and artifacts. Each participant was interviewed
three times using Seidman’s [25] method of deep interviewing, which permitted us “to
understand the details of people’s experience from their point of view” (p. 130). We also
observed team design meetings and took detailed notes, video and audio recordings. The
purpose of participant-observation is to capture everyday interactions in real time. Participant
observation also allowed us to triangulate our other data collection methods.

A qualitative data analysis software tool was used to code participants’ interviews and
observations. After the coding process, tables with most relevant quotes were generated to
conduct an in-depth analysis of the participants’ experiences. Additionally, the research team
gathered to discuss the resulting analysis to make collaborative meaning of the data.

Sense of Belonging in Engineering & Computer Science

Participants identified ways that their sense of belonging to and mattering to people on campus
was constructed both collectively and individually. Our analysis uncovered both institutional
and interpersonal factors that contributed to belongingness or exclusion. At the institutional
level, four types of factors were identified: 1) professional relationships (with
teachers/mentors); 2) pedagogical (which referred to the learning configurations of key
courses); 3) informational (particularly with respect to the types/modes of information
conveyed to students by the institution); and 4) sociopolitical (border-crossing and visa
experiences of Latinx E&CS students). At the individual level, participants related personal and
interpersonal factors, including their own and others’ grades and grade point averages.

These institutional and interpersonal factors are interrelated, for instance, when particular
learning configurations impact (or are seen to impact) grades. Similarly, participation in
activities on campus with mentors could be hindered by factors that interrupted their
participation on campus (including visa issues) or shortened it (including prolonged times on
public transportation). In addition, participants’ interactions with peers was another collectively
oriented way that could promote a sense of belonging. Group interactional dynamics within



students’ senior capstone teams could contribute to building, but also reducing the sense of
belonging experienced by students.

“They’re Going to Throw You Under the Bus”

Belongingness is a collective sense potentially conflicting with the values of E&CS that seem to
put a premium on individual markers of achievement and merit [21]. Students described the
culture of E&CS as hypercompetitive. Alicia was a transnational mechanical engineering student
who emphasized the competitiveness she experienced at the team level; she described her
teammates by saying “they are very competitive and I’'m not, I’'m over that. | don’t know. | don’t
feel that | have to be the best at this, it’s not my priority. | don’t feel like | have to be the
number one engineer in the world.” David was a transnational computer science major student
who described the field of CS as in his major, saying “people in CS are super competitive and
they’re going to take the first opportunity to throw you under the bus just to get ahead. | mean,
that’s life in general, but it’s very exacerbated here precisely because companies want to hire
people like that, those types of people.”

Alicia and David’s descriptions match with what other students described as a culture in which
students assessed their relative status to one another using GPA as an indicator. Senior design
teams met periodically to work on their design challenges. Teams had been formed by the
professor and students did not have a choice who was in their team. Although they did not
choose the teams, they all knew each other from their classes. During the meetings for senior
design projects, students would spend substantial time discussing the classes they were taking,
their professors and, surprisingly, other students. In particular, they would discuss students
who were known to be “top students” in their classes. They would wonder, for instance, how
these students were meeting the design challenges. In some cases, they would refer to
conversations they had with these students or about these students with other classmates. In
interviews, students described their peers in terms of GPA. Elisa, a mechanical engineering
student, explained that senior students think about GPA as shorthand for who among their
peers “knows their stuff” and who will and will not get a job. However, she also contradicted
the rationale by adding that there are students who have a low GPA who still get a job in large
companies.

One CS student, Arturo, who had changed his major from electrical engineering, said that he
had struggled to feel a sense of belonging both in the broader field and at a team level. Arturo
compared himself to a “David, the top student,” saying “I’'ve struggled a lot in engineering, a
lot, a lot, things that for others are really easy for me are not, for example David our [team
leader], he has a 4.0 GPA, it comes natural to him, maybe he suffers, | don’t say he doesn’t



suffer, but for him it is really easy to learn these things, and for me is not easy, | struggle to
understand things.” This description suggests that Arturo seems to aspire to be in the other
student’s position, one for whom things seem to come easier, has a better GPA and may not
suffer as much. This also coincides with the literature reviewed previously that points out that
students with low grades struggle to feel a sense of belonging to their fields [26].

Students became aware of each other’s GPAs through practices such as announcing their
grades publicly to their peers or discussing grades with each other. They also typically asked
each other what they got on the test, a practice that may be related to grade curving. In the
context of the competitive culture, this could also be an opportunity for students to position
themselves in relation to others. For instance, Genesis told a story of how she asked her (mostly
male) peers about their grades on a test. “Or like, "Oh, well how did you guys end up doing on
the exam?" I'm like, "Oh, well, | ended up getting an A on the exam." Like, "What? None of us
gotan A." And I'm like, "Oh, sorry. | don't know what to say." As the quote from Genesis
suggests, announcing a high grade to a group may have permitted her to position herself as a
competitor. However, it might have also positioned her as the student who “spoils the curve.”

Students also described being acutely aware of one another’s performance. This included what
they said in class, the questions they asked or even if they took notes. In one instance, Adam
said that he knew Alicia would not be a good teammate based on what he had seen of her in
class. He said that they were in class together and he watched her not taking notes in class and
not paying attention. Similarly, Elisa described a student as follows: “I have seen the ones that |
don’t even know how they have gotten so far. You are left thinking ‘like how!?’ There are
others who are just there and they are very social but they aren’t good at school.” Being aware
of each other’s performance and grades suggests that students may have been sizing each
other as competitors.

In the competitive culture of E&CS, grades were more than an indicator of academic
achievement. Indeed, they were markers of status on a hierarchy, as suggested by the phrase
“top students” to refer to those who had a high GPA. According to Strayhorn’s analysis of Latinx
sense of belonging [10] Latinx students who performed well academically “feel more connected
to campus” (p. 313). It should be noted that the students in the study were those who had
reached senior status, so we do not know the perspectives or experience of students who
started but did not continue in engineering studies.



Grades and Access

Our study uncovered practices that contributed to the perpetuation of a competitive culture of
E&CS - which in turn helped shape students’ sense of (academic) belonging. The competitive
culture was reflected in pedagogical practices and department policies. Pedagogical practices
included forming teams to work on projects. Students described becoming aware of each
other’s GPAs based on team formation. Javier, a CS student, said that he was aware that faculty
used GPAs to form teams. “So, they start to form teams, one with a high GPA and then they
start to balance it out. The lowest GPA gets placed randomly and then they start to balance it
out with the other three.” It should be noted that this process is different from what faculty
described as rules for forming teams. The crucial point is that students believed that GPA
played a role in establishing hierarchies of power and status in teams.

In addition, students also frequently mentioned that GPA was a way to access other resources,
such as internships or scholarships and, by extension, eventually jobs. For example, Arturo, a CS
student, argued that GPA prerequisite policies kept him and others from accessing
opportunities for internships and scholarships.

| would have liked the department to be more empathetic with people who do not have
the required GPA. [...] Maybe a program for people who have less than 2.5 or less than 3
GPA. A program, that if you show them you can and you have the interest, that helps
you to get an internship, that makes it easier for you to earn a scholarship, that make it
easier for you to have opportunities, because | struggled a lot, | tried to go to study
abroad but they wouldn't allow me to go, to look for scholarships and | couldn’t because
| didn't have the GPA; | tried to be involved with Smart cities, which is a program where
you go to Guadalajara or to other cities, do a project and that looks really good in your
CV and they did not accept me because | had a low GPA. So, they tell you: “you can't
because you have a low GPA” so many times that you do not feel the confidence to go
after a research opportunity for example.

Arturo added that he understood that a low GPA would impact his job prospects, perhaps
unfairly. He said that big companies would not look at him or consider him. Similarly, Genesis
(mechanical engineering) told us that she was excited that she had an interview with NASA
during a Career Fair. “I even had this interview with NASA, where it was going-- everything was
going great until he saw my GPA and then he kind of just like, "No. I'm wasting my time talking
to you [...] NASA isn't legally allowed to hire anyone that isn't within that range of the GPA that
they allow. So if you are not part of that like from three to four, they can't hire you.” Though we
cannot confirm that recruiters would outright reject speaking to a student with a low GPA, what



students’ words reveal is that GPA was perceived as shorthand for ability and even intelligence.
In fact, students also pointed out that they knew students with a high GPA who did not possess
other necessary skills such as communicative abilities as well as students with a low GPA who
were able to land desirable jobs in large companies.

Professors and TAs as Gatekeepers

In investigating Latinx students’ sense of belonging to engineering, we found that coursework
played a central role in constructing that sense. Students often described pedagogical practices-
- particularly in courses that come early in the program of studies-- that they perceived as a
barrier to building belonging. This perception suggested that they saw professors as people
whose pedagogical practices were meant to keep people out.

For example, Elisa described a Statics professor who “would only give zeros if any little thing
was wrong so he would fail a lot of people.” Alex also described a professor who “was out
there just to fail people, is what it seemed like, is because he would always-- it would seem like
he'd always get a kick out of seeing people get bad grades.” He also pointed out a prerequisite
course saying, “What would happen is, you'd go in there, and he'd bring up a topic, and he'd
speak about the topic and how knowledgeable he is about the topic, but then he wouldn't
teach us the material that was going to be on the test. We'd just go in there, and he'll show
how cool he is, and then the material that was on the exam wasn't that stuff that he was talking
about. It was other stuff. So that's what sucked about that. [...] So that's what made me hate
chemistry.”

Alfonso also described pedagogical practices that impacted his trajectory in the program. “This
is his teaching style and this is how I’'m going to learn from this class and then |, like, with
[Professor S] | just kept on trying and trying and trying and nothing gave results. Like the first
class | just kept on getting F’s and F’s and F’s and | just didn’t understand why. And then |
started getting mad at him because | was like, you’re not teaching this correctly. Like you need
to do this. Like you need to do this, like, | need to understand it and, like, | never mentioned it
to him but it was thoughts that were coming into my head. [...] Like, oh my goodness | wish that
[the professor] could [do] this or | wish that he could show us correctly and then | took it the
first time | had to drop it because | just kept on getting F’s and | was just like no.”

Two female participants pointed out pedagogical practices, including discouraging questions
from students, that could be interpreted as counterproductive to learning. Genesis described a
situation in which she felt her questions discouraged. “It was for my Dynamics class. Well, it
happened twice. It happened in my Dynamics class. | can't remember what the professor was



explaining, some sort of angular acceleration or something like that. And he had explained it
and | wasn't able to catch it because | was writing down the notes rather than listening to him.
So | was like, "Hey, can you repeat that again?" Yeah. | asked him to repeat that again or
something like that. He's just like, "Well, isn't it obvious?" | was just like, "It obviously isn't
obvious if | had to ask you."” The student’s account highlighted an absence of explanation and
support that was needed for her to understand the content. In that way, the student pointed
out a pedagogical approach that ran counterproductive to her learning and understanding.

TAs were also seen as gatekeepers by some students. CS student Alejandra gave an example of
a rude TA that discouraged questions during her initial years in the program. “All the other
people that took that computer science course with me can verify this, but he was really rude.
He was the kind of person that you go in and ask him for help-- he was a PhD student. And I'm
taking my baby steps in computer science, right? So you would think that he'd be a little more
understanding. Like okay, I've been there. You're learning. And this may not be great, but this is
what you can do. Right? That's what you hope for as a student. But he was the kind of TA that
he would honestly mock what you were doing. He'd be like, "No, no, no. This is dumb." And he
would, like, overtly laugh if he found something funny. He was very rude. He was rude, rude,
rude. So | was scared of asking him questions.” The TA practices described by this student
represented an example of a counterproductive pedagogical approach that detracted from this
student’s academic sense of belonging in the program.

Intersectional Perspectives

As shown above, institutional and pedagogical practices seemingly backed up the culture of
hypercompetitiveness that was diametrically opposite to creating a sense of belonging.
Students reported being very aware of their own and others’ grades. For many participants,
GPA appeared to serve to index where students fell in the hierarchy of E&CS. Students who
perceived their place in the hierarchy as low, based on their grades, reported falling into a
situation of anxiety and depression. This space of uncertainty may be more serious for Latinas,
as reported in Authors (in press). From an intersectional perspective, Latinas in E&CS faced a
double challenge. In the narrative Alejandra, a transnational female CS student narrates her
uncertainty.

And then | was so lost with Dr. H’s class that sometimes | didn't even know what to ask
him because | didn't even know where to start. Like, "Okay. So [inaudible] this." And it
was bad. | cried a lot that semester because | was putting a lot of effort-- a lot, a lot of
effort-- and nothing seemed to be fruitful. Nothing was producing [results]. And that's
when | started thinking, "Is computer science really for me or is it just a rough patch that



I'm going through right now?" And | was wondering, okay, let's say | change my major
from computer science. What do | change it to? I've never thought about doing anything
else, never thought about a plan B. What if | don't like this major? What am | going to
do? That's what I'm thinking, "What am | going to do?" That was also adding to my
anxiety because | didn't know-- | was anxious. | was depressed. | was sad all the time
because | didn't know what was going on in my life. | didn't know if this is what | wanted
to. I didn't know if | was in the right place or if | just wasn't doing enough. But it felt like |

III

was doing a lot. So it was just a handfu

Latinas were in a double bind [27] [28] because they not only faced a hypercompetitive culture,
they also faced the hostility of their Latino male peers. After telling the story of how she and
another transnational female managed to get through their coursework, Alicia summarized the
experience of being a Latina in engineering with the following story.

Yeah, me and Linda, we always talked about it, we always talked about how we were
behind anybody else, because | had failed some classes, and | mean, for me, graduating
is like a super achievement because | feel like all of them though “Oh, Alicia won’t make
it”, “Alicia and her friend are dumb”, in one exam we got an 80 and they got a 60, and
then they were talking saying: “oh well, who did you copy from?”

As the above story shows, Alicia’s male peers questioned her legitimate belonging in
engineering through the question of grades. The story, provided here in translation, but told in
Spanish, suggests that, though her male counterparts could potentially be a Latinx community
within engineering for Alicia and her friend Linda, it was instead the opposite. Sadly, we also
heard stories of Latinas creating a hostile environment for other Latinas in ways that precluded
them from participating in engineering-related activities.

Latina participants could also use good grades to resist perspectives that would position them
as inferior. For instance, Genesis, the student referenced above who announced her grades,
said that she felt good about announcing her good grades. “It's really nice to be taken seriously.
And not just that, but it's really nice to, what's the word that I'm looking for, to exceed
expectations that were set on me. A lot of people were just like, "Oh, she's just a girl. She
doesn't know what she's doing." And then they would see what I'm doing and be like, "Oh. All
right. She knows what she's doing." It's really nice to have that like, "See, | told you I'm smart. |

n»

swear, | know what I'm doing here. | do belong here.

Another challenge to belongingness was that women reported feeling that their appearance
was scrutinized, or their visiting E&CS spaces was regulated. Genesis reported that when she



dressed “really nice” with “dresses and skirts and shorts and cute tops,” makeup and groomed
hair, her peers treated her differently than when she dressed more casually. She said that
“people would just assume that | didn't know what | was doing” when she dressed “really nice.”
Alicia said that the first time she visited a machine shop she was told she could not enter unless
her (male) teammates went with her. “They told me | couldn't go alone, because something
could happen to me, because they have wood machines, and it’s like if | couldn't, | don't know,
because I'm a woman, | felt that way. They’ve asked me are you coming alone? Where is the
rest of your team? They told me to ask the rest of my team to come because | was not going to
be able to hold on to the wood to manipulate the machine and cut it, and so one guy came and

did it.”

Moreover, from an intersectional perspective, working-class Latinas in our study reported that
they face additional challenges. These included spending less time on campus because they had
to spend a long time on often delayed public transportation. One participant, who crossed the
border on a daily basis, reported the obstacles to building a sense of belonging as follows. [I’'m]
a minority of a minority of a minority. I'm a woman in computer science. I'm a Hispanic in the
borderland. | live in [Mexico]. | don't even live in this country. I'm a minority of a minority of a
minority." It's been hard. It seems normal to me, because this is where | come from. This is all |
know, this is all | have. [...] Some people complain like, "Oh, | live in the far east." I'm like,
"Really? You have a car, and you live in the same country. Don't complain." Simple things as
commuting. Commuting was a big problem for me.

Conclusion

In sum, this study is set in an HSI with a greater than 80% Latinx population, mostly of Mexican-
origin. Though values of family orientation are evident in the broader community, including
those that value collective well-being and community functioning [19], we found that a culture
of hypercompetitiveness seems to preclude Latinx participants from constructing a sense of
belonging to a collective in E&CS at the HSI we investigated. The culture was promoted by
institutional policies and pedagogical practices. Latinx students also adopted the values and
ideologies of hypercompetitiveness in which GPA was used as an indicator of status. Although
GPA was sometimes also conflated with knowledge or intelligence, some students remained
critical of the cultural values and ideologies they were being exposed to. A critical perspective
was evident when they critiqued pedagogical practices in assessment and instruction. Finally,
the hypercompetitive nature of coursework, and gendered views about engineering may have
also been threats to promoting a sense of belonging. Latina participants, especially working-
class women, reported feeling a low sense of belonging. Some participants reported having
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been taunted by their peers and responding with emotional responses similar to anxiety and

depression.

This study’s use of an ethnographic and sociocultural lens to examine the lived experiences of

Latinx students in engineering/CS contributes to a small but growing set of studies in this area

[29]-[32], with the larger aim of understanding the connection among students’ identities,

belonging, and retention in (or attrition from) the field. Findings from this study have

implications both in and beyond engineering/CS, especially in ways that institutions can work to

create the conditions for belonging in order to enhance the recruitment and retention of

underrepresented students, particularly Latina students.
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