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Investigating Student Perceptions of an Engineering
Department’s Climate: The Role of Peer Relations
Diversity in engineering remains low despite decades of rhetoric and efforts to broaden
participation and retention. Social and cultural groups historically underrepresented in STEM
education and careers, particularly women and people of color, enter engineering at lower rates
and leave at substantially higher rates [1]-[3]. Several studies found that perceptions of an
unwelcoming institutional climate can be detrimental to students’ sense of belonging and
persistence [3], [4]-[7]. Researchers have referred to this as the “chilly climate” [8]-[9] or
“climate of intimidation” [10] members of these groups encounter in engineering. In the broader
undergraduate population, individual perceptions of the campus climate, including interactions
with peers, have been related to persistence [11]-[14]. More research is needed to understand the
factors that contribute to students’ perceptions of unwelcoming campus and/or disciplinary
climates, particularly as those factors relate to underrepresented students’ persistence in
engineering.
Researchers across disciplines in higher education have linked student engagement, student
success, and student persistence to their sense of belonging [11], [15]-[21]. Many researchers’
conceptions of ‘sense of belonging’ are founded on Tinto’s [20] model of students’
persistence/withdrawal behavior. Tinto [20] found that students’ sense of belonging is based on
their formal and informal academic integration (through academic achievement and faculty
interaction) and social integration (through extracurricular activities and peer interaction). Tinto
argued that when students have a greater sense of belonging, or affiliation and identification with
the university community, they are more likely to remain in college. In a more recent
quantitative survey study, Hoffman and colleagues [22] found five factors underlying first-year
college students’ sense of belonging: perceived peer support, perceived faculty support/comfort,
perceived classroom comfort, perceived isolation, and empathetic faculty understanding. Of
these factors, perceived peer support had the highest explanatory value, explaining 38.8% of the
total variance. Other studies have highlighted the role of positive faculty interactions, particularly
outside the classroom, as positive influences on students’ sense of belonging [16], [23].
In engineering, students’ sense of belonging is closely related to their self-identification as
engineers. Tonso [24], who defined engineering identity as a sense of belonging, found that
gender and other social variables affect students’ power and status, which in turn affects their
identification with engineering. Meyers and colleagues [25] found that students’ selfidentification as engineers was linked to a sense of belonging to the engineering college, as well
as organizational recognition. In a survey study conducted in the Netherlands, Meeuwisse and

colleagues [26] found that quality faculty and peer interactions positively impacted students’
sense of belonging.
Previous research highlights the importance of both a sense of belonging and self-identification
as engineers for persistence in the major [22], [24]-[25], [27]-[31]. For example, Marra and
colleagues’ [29] investigation of the reasons students left engineering found that the only
significant non-academic factor for students’ decision to leave engineering was lack of
belonging. Their ‘belonging’ construct measured students’ perception of belonging as well as
their identification with the engineering curriculum and engineering career opportunities.
Research on underrepresented students’ persistence in STEM overwhelmingly indicates that
social and interpersonal factors, more than other factors such as academic preparation and
performance, impact underrepresented STEM students’ persistence [3], [6], [32]-[35]. For
example, persistence is hindered by underrepresented students’ experiences with
microaggressions, bias, or discrimination [3], [36]-[38] and feelings of isolation and lack of
belonging [3], [6], [29]-[31], [39]-[40].
Relationships and interactions with faculty and peers are particularly salient social and
interpersonal factors connected to engineering identity and persistence in STEM fields. Several
studies argue that relationships with faculty impact students’ success, identification, and
persistence [41]-[43]. Considerable research suggests that peer relations also play an important
role in engineering identification and persistence (e.g., [6], [31], [36], [44]-[46]). For example,
Chang and colleagues’ [36] study of 3,670 students across 217 institutions intending to major in
STEM found that strong peer support improved underrepresented students’ persistence. Palmer
and colleagues’ [10] qualitative study of students of color in STEM described how peer group
support, including group study, had both academic and social benefits that impacted persistence.
Research has also found that peer interaction within formal campus cultural organizations
provides a sense of cultural connection and community for underrepresented students and
promotes social integration [47]-[52]. Ong and colleagues’ [6] qualitative study of 39 women of
color across STEM disciplines found that in addition to participation in formal campus groups,
peer relationships themselves had a positive impact on persistence when they acted as a type of
counterspace—a safe space that allowed underrepresented students temporary relief from
negative experiences in STEM higher education such as isolation, microaggressions, and
discrimination while simultaneously creating physical or conceptual space for students to
promote their own learning and establish and maintain a positive collegiate climate for
themselves [6], [53]-[54]. Of the five types of counterspaces these researchers identified
(including peer-to-peer relationships, mentoring relationships, national STEM diversity
conferences, STEM and non-STEM campus student groups, and STEM departments), peer-to-

peer relationships was the counterspace most frequently cited as helpful to students’ persistence
(74.4% of participants).
Context for the present study
This paper focuses on our analysis of responses to open-ended items on an anonymous climate
survey given to students in a single, large engineering department at a public university.
Students responded to both forced-choice and open-ended items. Results of our quantitative
analysis of forced-choice responses are reported in depth elsewhere [55] and summarized here to
give context for the qualitative analysis of open-ended items. Survey data indicated that students
generally view their unit as a welcoming, inclusive environment in which they feel they belong.
Overall, students gave an average rating of 4.2 on a Likert-type scale of 1 (strongly disagree the
climate is welcoming) to 5 (strongly agree) to describe how welcoming the departmental climate
was. However, students rated the climate in the program as more welcoming for male and USborn students (referred to as dominant-group students) than for students from other identity
groups (labeled non-dominant group students). While students across all identity groups saw the
climate as more welcoming for students with dominant versus non-dominant identities, both
women and students of color viewed this gap as wider compared to their male or White peers.
Engineering identity (which, consistent with findings from previous research, involved items
related to sense of belonging and identification with the discipline; see Appendix for all scale
items) and persistence differed by race and gender; both engineering identity and persistence
were lower for students of color and women [55]. Gender, how welcoming the climate was for
non-dominant groups, and faculty support all significantly and independently predicted students’
engineering identity. The relationships between gender and both engineering identity and
persistence were completely mediated by peer relations, but were not significantly mediated by
faculty support. Unlike gender, race had a significant independent effect on both engineering
identity and persistence that was not mediated by other predictors. This suggests that other
factors not captured by this set of predictors influenced their identification with the discipline
and their persistence.
To better understand aspects of the program climate that influenced persistence and disciplinary
identification, we conducted a qualitative analysis of responses to two open-ended items which
asked students to state identify the “best” part of the program and what they would change if
they could “change one thing” about the program. Our research questions were:
1. What aspects of the program climate were salient as attractors and detractors to students
with different social identities?

2. How does the role of peer relations manifest in the open-ended responses from students
with different social identities?
Methods
This analysis draws from data from an undergraduate climate survey (n=277) implemented at a
multidisciplinary engineering department within a large public university on the West Coast.
Undergraduate students from the engineering department were invited to participate
anonymously in an online survey during spring quarter in 2017 that investigated students’
perceptions of the engineering department’s climate; perceived faculty, advisor, and TA support;
peer relations; experiences with microaggressions; identification with the discipline; and how
likely they were to stay or leave engineering. Students were asked to indicate which of multiple
social identities they identified with and allowed to choose more than one. Of the 277
participants, 56% identified as White Non-Latinx, 25% as at least one racial category other than
White Non-Latinx, 51% identified as male, and 27% as female, with equal numbers of
respondents in their final year and in their middle years.
The survey was collected using Qualtrics, an online survey program. We used Qualtrics and
SPSS for quantitative data analysis, and ATLAS.ti for qualitative analysis of two open-ended
items. Scales included Engineering Identity, Engineering Persistence, Peer Relations, and
Faculty Support (see Appendix). Perceptions of welcoming (vs. hostile) climate for each of 14
different identity groups were individually assessed, resulting in scales for dominant (US-born,
Male) and non-dominant (all other identities) reference groups (see Appendix). Additionally,
students answered two open-ended questions: (1) If you could change one thing about [program
name], what would it be?; and (2) What is the best thing about being a [program name] student?
Data analysis of responses to the two open-ended survey items began with an initial reading and
open coding of all responses [56]-[57]. Members of the research team met regularly to compare
open coding observations and to develop a code list based on our emergent observations as well
as constructs derived from the literature on student belonging, identity, and climate and diversity
in engineering. We engaged multiple coding passes, during which we refined the code list based
on emergent themes and constructs. When we implemented focused coding of all data, we
resolved any discrepancies between coding choices through deliberation and consensus. Openended responses were first hand-coded during open coding, and subsequent coding work was
conducted on ATLAS.ti, a qualitative data analysis program. We compared responses within and
across social identity groups in relation to our research questions, creating memos to support our
emerging analysis [57].

Findings
Students’ responses to the two open-ended items ([1] If you could change one thing about
[program name], what would it be?; and [2] What is the best thing about being a [program name]
student?) supported the quantitative finding that women viewed the climate as less welcoming
for students from non-dominant identity groups (including themselves) than students from
dominant identity groups. In response to the first open-ended question, substantially more
women (19.3%) than men (4.9%) responded that the one thing about the program they would
change was related to the institutional and interpersonal climate of the department. This category
included issues of diversity and inclusion, such as the ways in which individuals, groups, and
sub-disciplines are or are not included in the program.
Some of these women’s responses to Question 1 spoke explicitly about gender; for example,
“More female full professors and staff and inclusive language” and “I would hope to have more
women in engineering in general but mainly in my field, as well as be able to find ways to
connect with those in this field in a more interactive way.” Others highlighted the experiences of
international students; for example, “It is very exclusive, I don’t feel like international and nonAmerican students are very welcome to the [program name] community of professors and
domestic students” and “More recognition to students who are not native English speakers and
how hard they have to work.” Several responses indicated the desire for more diversity and
inclusion in more general terms, such as: “More diversity and accepting environment” and
“Inclusivity, and not just the buzzword but actual actions that support it.” One response spoke
about wanting more inclusivity within the student body: “That it wasn't so cliqueoriented...people stick to the friend groups they have made since their first year here.” A white
female transfer student said, “I definitely think that I get underestimated a lot.”
In contrast, there were only five responses from male students to the first open-ended question
that related to climate, diversity, and inclusion. It’s notable that two of these five responses were
from students of color and a third was from an international student who didn’t indicate his race.
One male student of color wrote, “Make the set of majors more accepting to those of different
backgrounds.” One of the two responses to this category from White men discussed the need for
more inclusion of all the sub-disciplines represented in the unit, while the other response from a
White male railed against “this political correctness shenanigans” and “this silly one sided and
self-righteous liberal ideology pushed by faculty.” All of the responses to the question about the
one thing they would change that spoke of the need for more diversity and inclusion of
underrepresented groups came from women and/or students of color and/or international
students.

Community was the most prominent theme within responses to the second open-ended question
about the best thing about being a student in the program; 44.4% of all responses to this question
were related to a positive community in the program. Responses in this category had to do with
either the general program community, peers in the program, and/or program faculty. 17
responses used the word “community” in their response; for example, “They are a very accepting
community,” “The tight-knit and supportive community that makes the workload manageable,”
and “The community is welcoming and there are so many students to connect with to work on
homework and other school related stuff.” A greater proportion of women (57.6%) than men
(39.6%) indicated that the community, including faculty and peers, was the best thing about
being a student in the program.
The community theme included responses that spoke about the importance of a positive general
program community, peers, and/or faculty. Of these, peer relationships were most frequently
cited as the best thing about being a student in the program (23.4% of all responses to Question
2). As with the overarching community theme, women (30.5%) were substantially more likely
than men (20.8%) to indicate that peer relationships were the best thing about their membership
in the program. This emphasis from female students in particular on community and positive
peer relations as the best thing about the program is consistent with our finding from the
quantitative analysis that peer relations mediated the effects of gender, how welcoming the
climate was perceived to be for non-dominant students, and faculty support on engineering
identity and the effects of gender and the climate for non-dominant groups on persistence [55].
Across genders, most peer-related responses could be categorized into themes about
suffering/working together through the difficult curriculum and workload, friends, and having a
positive/supportive community of peers. The suffering together theme included responses such
as: “I like having a supportive community that suffers through homework with me” and “I made
a few friends who are always willing to help and understand the frustration.” Along similar lines,
students spoke positively about working in groups, helping each other, and learning together.
These responses included: “Turning your study group into your friend group” and “Feel-good
study groups”. Similarly, one woman of color responded: “Everyone is willing to help each other
out, whether it’s homework or studying. You could generally walk up to anybody from your
class and they would be very willing to help you. Additionally, almost everybody knows each
other by their first and last name.”
The importance of friends within the program was another theme in these responses. 16 peerrelated responses explicitly used the word “friends” in answer to Question 2, such as: “We all
work together to solve tough homework problems and a lot of us are friends outside of class”;
“Even if two peers aren’t friends, you will still see them come together to find a solution because
the concepts we learn are very difficult. Everyone knows that we have to work together and

therefore are respectful”; and “The community feels like a big group of friends.” Several
responses also spoke about the “sense of camaraderie” in the department.
While far more women and students of color indicated that positive, supportive peer
relationships were the best thing about the program than those who talked about the peer
community negatively, there were a few responses to the first open-ended question that indicated
that not everyone felt included in their peer community. Two men of color spoke about their
desire to connect to peers in the program more. One man who identified with an
underrepresented minority group said, “I would prefer to have friends within [program name]
who I could hang out with outside of class and work on homework with.” Another man of color
indicated that the program should “encourage more friendships.” Like the female international
student who spoke about the “exclusive… community of professors and domestic students”
mentioned above, another international student who didn’t specify their gender remarked: “Make
sure all of the students in the group are not ignoring the international student in their group.”
While these responses were in the minority, given the relatively low numbers of international
students and students of color who responded to the survey, they may be indicative of a larger
issue. If some students of color and/or international students are experiencing negative peer
relations and/or isolation and lack of belonging as has been found in previous research of
students of color in STEM [3], [6], [29]-[31], [39]-[40], that may explain why our quantitative
analysis did not find peer relations mediating the engineering identity and persistence of students
of color.
Discussion
Both our quantitative findings [55] and our qualitative findings reported here highlight that
women, a traditionally underrepresented group in engineering, view the departmental climate
differently—and more negatively—than their male counterparts. Nearly 20% of women
responded that the one thing about the program they would change was related to the
departmental climate, and typical responses explicitly or implicitly spoke about their desire for
more diversity and inclusivity within the program. This is consistent with previous research that
highlights how underrepresented STEM students’ negative perceptions of campus and/or
departmental climates as well as their negative experiences in these spaces (e.g., discrimination
and bias) hinder their sense of belonging and persistence [3], [6], [10], [36]-[38], [58]. Our
quantitative analysis also found that women and students of color in the program thought the
program was less welcoming to non-dominant groups, identified less with engineering, and were
more likely to express doubts about persisting [55]. The open-ended responses that call for more
diversity and inclusivity in the program at large and in relations among faculty and peers suggest
that while overall students indicated that the program was relatively welcoming, there is

important work needed to improve the climate for and experiences of students from
underrepresented groups.
Although the departmental climate was rated less welcoming for non-dominant than dominant
groups, its effects on women’s engineering identification and persistence was mediated by
academic and social relationships with peers [55]. Qualitative findings from this survey also
underscore the importance of a positive social and interpersonal community in developing a
sense of belonging and persistence in engineering. Nearly half (44.4%) of all students responded
that the best thing about being a student in the program was being a part of a supportive
community; this included responses identifying a generally positive community as well as
responses more specifically identifying positive relationships with faculty and peers. This is in
line with a significant body of research that suggests that social and interpersonal factors have a
greater effect than other factors such as academic preparation or the difficulty of the curriculum
on underrepresented STEM students’ sense of belonging and persistence [3], [6], [32]-[35]. Of
these social and interpersonal factors, faculty and peer support are most frequently cited as
having a positive impact on underrepresented sense of belonging and persistence [16], [20]-[27],
[29]-[31]. Survey responses suggested that many students felt that the community, including
faculty and peers, was welcoming and supportive, which helped them deal with the difficulty of
the curriculum and the program workload. In contrast, several negative responses from women,
people of color, and/or international students about the social climate demonstrated that there is
still work to be done to make the community in the program more inclusive to traditionally
underrepresented students. This is in line with the finding in the quantitative analysis that women
rated their peer relations somewhat lower than men; those that rated their peer groups more
supportive were more likely to report identification with engineering and plans to persist.
Peer relationships was the largest sub-category within the community theme. Peer support was
described by students as suffering or working together through a tough workload, sometimes
through group study; having friends within the program; and having a positive and supportive
community of peers. These themes are present in other literature on the importance of peer group
interaction, support, and mentoring for underrepresented students’ persistence in STEM [3], [6],
[31], [36], [44]-[46] and in higher education more generally [20]-[21], [59]-[60]. Participants in
our context discussed the academic and social benefits of peer relationship and group study, just
as participants did in Palmer and colleagues’ [10] and Ong and colleagues’ [6] studies. Peers
sharing hardship, sometimes described as “suffering together” in responses to this climate
survey, was highlighted as an aspect of the culture of engineering education in Godfrey and
Parker’s [61] ethnographic study. They found that “the shared hardship was likened to a boot
camp mentality seen as binding students into a shared identity” (p. 12). This “shared identity”
may help students feel a sense of belonging. There may be ways to promote these academic and
social benefits of peer relations within the classroom or curriculum. For example, Meeuwisse

and colleagues’ [26] found that more cooperative learning environments had a positive impact on
students’ formal and informal interactions with peers and faculty, which in turn had a positive
impact on students’ sense of belonging.
Ong and colleagues [6] described a critical function of peer relationships: they can provide a
counterspace for underrepresented students—a physical or conceptual space that offers
temporary relief from negative experiences such as microaggressions, bias, and/or
discrimination. As a counterspace, peer relationships (whether within or outside formal programrelated spaces) may help students maintain a positive climate for themselves even within a larger
context that may be less welcoming to underrepresented students than their White male peers.
The five types of counterspaces that Ong and colleagues [6] described were “locations of activity
or thought that counter the dominant culture in STEM, offering the potential to disrupt historical
power structures of STEM culture” (p. 27). Participants in Ong and colleagues’ study found
informal support from other underrepresented peers, sometimes strategically choosing the same
courses and studying and/or socializing together, which helped address feelings of not belonging
and experiences with microaggressions in their STEM environments. In formal and informal
spaces, peers shared knowledge, supported each other, collaborated rather than competed, and
validated each other’s experiences. That 30.5% of female responses indicated that peer
relationships were the best thing about being a student in their engineering program, and their
responses described similar functions to as those described by Ong and colleagues (e.g.,
supporting each other, sharing knowledge, studying together), indicates that peers may be acting
as a counterspace buffering negative aspects of the climate for some underrepresented students in
the program.
Conclusion
Taken together, our survey results suggest that the social climate and community in the
department, and particularly peer relations, plays an important role in students’ (especially
underrepresented students’) sense of belonging and persistence in engineering. Quantitative
analysis showed that peer relations mediated the effects of faculty support and gender on
engineering identification and persistence, and women’s greater proportion of responses to openended items focusing on the role of community and peers also suggests that efforts to improve
peer relations may be a key part of efforts to increase retention and identification among
underrepresented students. Both curricular and extracurricular activities could encourage student
relationships and connections. Given that engineering work necessitates teamwork and research
has found that teamwork improves learning [62]-[64], inclusive teaming practices in the context
of courses may be a promising place to start. In order for peer relations within teamwork to act as
a potential counterspace [6] and disrupt existing power relations and negative interpersonal
experiences of underrepresented students, attention must be paid to the ways in which students’

social identities impact students’ status and interactions within teams [24], and students should
be exposed to appropriate, scaffolded opportunities to learn inclusive teaming skills. Within our
program, these survey results have prompted the development of an inclusive teaming
professional learning community (PLC) among faculty to explore inclusive teaming skills and
experiences and to design curricular activities to support supportive interpersonal interactions
across difference. However, efforts such as these should be implemented in the context of larger
social and cultural reform to make the climate at classroom, departmental, and institutional levels
more welcoming for all [65]-[66].
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Appendix
Engineering Persistence (scaled so higher values = greater commitment)
How likely are you to leave engineering in the next 6 months?
I don’t know if this field is right for me.
I am not sure I will stay in this field.
Engineering Identity (5-point Likert scale)
I am feeling more and more like I belong in this field.
I am interested in the kind of work done in this field.
I identify with people in this field.
I am familiar with the kind of work done in this field.
I strongly identify with engineering as a career.
When I talk about engineers, I usually say “we” instead of “they.”
Welcoming to Non-Dominant Students
Students separately rated how welcoming the School was for students of various groups on a 5-point
anchored scale from Hostile (1) to Welcoming (5). Non-dominant groups were
People who identify as lesbian, gay, bisexual, asexual, queer
People who identify strongly with a religion
People with disabilities
People who identify as women
People who identify as transgender, genderqueer, gender nonconforming
People of color
Non-native English speakers
People born in other countries
Veterans/Active Military
Transfer students
INTO students (students who experienced a transition program for non-native speakers
People with family responsibilities

Positive Peer Relations (5-point Likert scale)
Please indicate how much you agree with each statement about interacting with peers.

My (program1) peers respect my ideas
In (program), people tend to ignore me (reversed)
Most of my (program) peers are comfortable working with me
It is too hard to work with people who do not share my home language (reversed)
I have friends in (program) with whom I can really be myself
Some of my peers think people like me should not be in (program) (reversed)
Working in groups, I am able to influence our decisions
I am not appreciated for the work I do in (program) groups (reversed)
My (program) peers often interact with me based on stereotypes (reversed)
I often socialize with (program) peers outside of class

Faculty Support (5-point Likert scale)
(Program) faculty…
Support my professional development as an engineer
Care about my learning
Care about my overall wellbeing
Accept me for who I am
Understand how stressful it is to be a (program) student

1

On the survey, “program” was the name of the specific undergraduate program in engineering.

