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Examining the Experiences of Women and Underrepresented Minority Students Who
Leave Engineering Undergraduate Programs

Introduction

Women and underrepresented minority (URM) students are lower percentages of scientists and
engineers than they are in the national population [53]. A meaningful way to broaden
participation in science, technology, engineering, and mathematics (STEM) is to uncover why
women and URM students who declare engineering majors may leave engineering prior to
graduation. To increase our understanding of why women and URM students may leave
engineering undergraduate programs at higher rates than students from other groups, we examine
how social capital and cultural models of engineering success (CMES) contribute to their
persistence and degree attainment. Social capital refers to students' social connections and the
resources available through those connections. CMES refer to beliefs about how to succeed in an
engineering program (i.e., degree attainment).

In this paper, we present findings from a National Science Foundation (NSF) funded study which
hypothesizes that women and URM students who persist in engineering programs are more
likely to 1) enter with and acquire/develop various forms/levels of the social capital and 2)
resolve conflicts between their CMES and the culture espoused by the program. The research
question we address in this paper is: Why do women and URM students switch from engineering
undergraduate majors to non-engineering majors?

Theoretical Frameworks

We are guided by social capital and cultural model frameworks to gain an understanding of the
social, cultural, and cognitive factors that impact the retention and degree attainment of women
and minorities in engineering. Supported by the highly disproportionate graduation rates of URM
undergraduate and doctoral students in STEM disciplines at historically black colleges and
universities (HBCU) and Hispanic-serving institutions (HSI) [52, 55], and the lower rates of
STEM major declaration by women, numerous studies suggest that while academic preparation
and socio-economic status are contributing factors, the low numbers of under-represented
undergraduate groups in STEM are likely due to implicit factors unrelated to aptitude and
interest [1, 4, 38, 44, 59, 60, 62, 63, 71]. To understand these factors, including social
connections and the environment, STEM education researchers are increasingly studying social
capital [16, 17, 24, 30, 46, 75, 77] and culture [6, 27, 33, 68, 73, 74].

Social Capital Theory. Since Bourdieu [14] proposed social capital as “connections” or access to
a well-established network of useful relationships (e.g., who people know) and material
resources (e.g., program information) that benefit group members, debate about its
conceptualization continues among scholars from various disciplines [2, 7, 23, 32, 40, 42, 47, 55,
57]. Yet, there is consensus that social capital benefits specific societal groups, primarily the
influential majority, but not traditionally under-represented groups such as women and URM
students in STEM. We adhere to Lin’s [42, p. 3] conceptualization that social capital “is captured
in social relations and that its capture evokes structural constraints and opportunities as well as
actions and choices on the part of the actors.” Women and URM students in STEM disciplines
are often unaware of the “unofficial” routes and strategies to achieve success unless their
advisors, faculty, and peers share this information [62, 68]. Thus, mentoring and social



connections can be consequential for their persistence [5, 63, 68]. For example, participation in
professional societies such as the Society for Women Engineers, National Society of Black
Engineers, and Society of Hispanic Professional Engineers not only reduces feelings of isolation,
but also establishes connections that provide beneficial resources and insider knowledge for
women and URM students in engineering [24, 35].

Cultural Model Theory. To gain insight into how culture influences the experiences of women
and URM students in engineering, we are guided by cultural model theory. Cognitive
anthropologists developed cultural model theory to understand how individuals cognitively
organize and structure their perceptions of material phenomena, experiences, behavior, and
environment about specific cultural domains such as education, gender, and ethnicity [25, 64].
What distinguishes a cultural model from mere general knowledge is that the beliefs, meanings,
and assumptions about the cultural domain are shared to a certain degree among others in the
individual’s cultural group [31, 39, 50]. Cultural models are shaped by cultural experiences,
parents, teachers, and peers, but are also influenced by the wider society. Consequently, cultural
models are “mediating devices” that can be altered when an individual or group is exposed to
different environments such as how STEM programs influence how women and URM students
believe that they should act and the STEM identity they adopt to succeed. [70].

Cultural models of education include beliefs about 1) how to become a successful student, 2)
how the teacher-student relationship should function, and 3) how education contributes to
making an individual a better person and can vary by gender and ethnicity [31]. Students
internalize the “cultural models of gender,” that is, what it means to be a woman and the “culture
of romance” that objectifies their sexual attractiveness and negatively stereotypes their academic
aptitude in predominantly male academic programs [39, 50]. Fryberg and Markus [31] found
while American Indian, Asian American, and European American university students shared
beliefs about the societal value of education, each group had different cultural models of
education that were associated with their cultural experiences. Women and URM entering
engineering undergraduate programs may bring cultural models that conflict with their
programs’ set of beliefs about how students can succeed [34], which are founded upon male -
dominant cultural norms. This program culture can cause women and URM students to feel a
“lack of belonging” and heightened anxiety due to the fear of negative stereotyping, hyper-
competitiveness, and perceived discrimination, which may increase feelings of isolation and the
likelihood of switching to non-engineering majors [8, 24, 29, 44, 45, 48, 54, 58, 60, 76].

Definitions of Social Capital and CMES. We define social capital as a pool of resources available
to a student from outside (e.g., parent) or from within the institution (e.g., teacher, science club)
which can be accessed (e.g., through student-alter interaction) and activated to achieve success
[42]. An alter is an influential person in the students’ social network. Situating CMES within
cultural models of education, we define CMES as the students’ shared beliefs, perceptions, and
attitudes about how to succeed in engineering programs [31].

Methodology

This five-year mixed methods longitudinal study followed a cohort of 2,186 engineering majors
attending 11 diverse universities from the first year of their engineering undergraduate program
to their fifth year to determine how social capital and CMES influence their persistence. The 11



universities included seven predominantly white institutions (PWIs), three Hispanic-serving
Institutions (HSIs), and one Historically Black College/University (HBCU). Students were
surveyed each year and received compensation for participating in the study. Survey one (S1)
measured the social capital and CMES they brought from their high school and other pre-college
experiences into their engineering programs. Survey two (S2) to survey five (S5), similar in
structure, measured the social capital and CMES that students acquired while enrolled in their
engineering programs. S2 to S5 included social capital survey items that asked students who
were the alters (influential individuals) in their social networks that they relied on advice, insider
knowledge, and mentoring and what engineering-related activities/resources such as professional
engineering organizations did they use or participate in to be successful. The CMES survey items
asked students about how they felt that they fit in their engineering programs, their interactions
with their peers, and if they experienced a hostile atmosphere in their engineering programs
which included “sexual/gender/ethnic stereotypes, comments or jokes.” A full description of the
recruitment of students, survey development process, and survey data collection and analysis can
be found in Smith et al. [66].

All five surveys asked students if they were still enrolled in their engineering programs, if they
had switched to a non-engineering major, or if they were no longer enrolled at any
university/college. If the student reported that they had switched to a non-engineer major, they
were asked the reason(s) why, and to rank a provided list of reasons in the order of the most
important to least important. The reasons why students left engineering fell into two primary
categories: social capital and CMES. Students with social networks that have more social capital
that they can access and activate might be more likely to be academically prepared because 1)
they attend high schools offer a wide range of high-level STEM courses and STEM programs
and 2) have been advised about the STEM course sequencing required pursue STEM majors [42,
75]. CMES reasons are directly related to how student experiences in their engineering program
(i.e., whether they feel welcome and have positive interactions with the instructors, advisors,
staff and their peers) influence their decisions to stay in or leave engineering. This paper focuses
on the responses from S2 related to student enrollment status and reasons for leaving engineering
because in our study this is when the largest number of students reported that they were no
longer engineering majors. Tables with the gender and racial/ethnic characteristics of the
students who responded to S1 to S5 and the number of students who reported that they left
engineering in S1 to S5 can be found in Smith et al. [66].

To gather rich data about students’ experiences in their engineering programs, we interviewed a
subsample of 55 women and URM students who responded to S1. The interview questions asked
about the social capital and CMES that students had brought into their engineering programs
along with the social capital and CMES that students had acquired so far. Specific questions
addressed who respondents relied on for information, advice, and support (i.e., social capital) and
what it takes to be a successful high school and a successful engineering student. Other questions
asked whether or not they fit in their departments and if they were similar to other students (i.e.,
CMES). In year four of the study, 36 follow-up interviews were conducted with the same sample
of students (nine were lost to attrition). Besides being asked about the social capital and CMES
they had acquired and their experiences in their engineering programs, they were asked about
their enrollment status. If they reported that they had left engineering, we asked if they had
switched to another major or left university and the reasons why. A codebook developed by the



qualitative experts on the research team was used to code the interview transcripts for themes
related to social capital, CMES, and persistence (i.e., leaving engineering). A full description of
the recruitment of students, interview protocol development process, and interview data
collection, development of the codebook, coding and inter-rater reliability, and thematic analysis
can be found in Puccia et al. [56].

Findings

A total of 1,754 students responded to S2, and 249 of those students reported that they had left
their engineering majors (henceforth referred to as “leavers”). We found that, in comparison to
the broader sample (see Skvoretz et al. [65]), men (72% of sample, 68% of leavers) were slightly
overrepresented amongst leavers in comparison to women (28% of sample, 32% of leavers). At
the same time, white (49% of sample, 54% of leavers) and Black students (6% of sample, 10% of
leavers) were overrepresented amongst leavers, while Latinx student leavers (24% of sample,
24% of leavers) mirror their representation in the broader sample, and Asian (16% of sample,
11% of leavers) and other students (5% of sample, 1% of leavers) were underrepresented
amongst leavers. Longstanding trends in graduation rates have shown that fewer women and
URM students declare and obtain degrees in engineering, though women have been obtaining
degrees at higher rates than their declaration.

The majority of the students who left engineering had switched to non-engineering majors,
primarily business, management, marketing, and related support services, followed by the social
sciences, computer and information sciences and support services, and the physical and
biological sciences and biomedical sciences. Table 1 shows the gender and race/ethnicity of the
students who reported leaving engineering.

Table 1
Gender and Race/Ethnicity of Students Who Left Engineering Undergraduate Programs
Leavers Asian Black Latinx White Other Total
n (%) n (%) n (%) n (%) n (%) n (%)
Men 10 (63) 14 (58) 38 (64) 92 (68) 1 (20) 155 (72)
Women 17 (37) 10 (42) 21 (36) 42 (32) 4 (80) 94 (28)
Total 27 (11) 24 (10) 59 (24) 134 (54) 51) 249 (100)

Reasons for Leaving Engineering

The reasons why students left engineering fell into two primary categories related to social
capital (1, 2, 3,4,5,6,7, 8,12, 13, 14) and CMES (9, 10, 11) (see Table 2). Of all the reasons
listed, students selected, “I was academically prepared, but am no longer interested in pursuing
engineering” as the most frequent reason and the highest ranked reason that they are no longer
enrolled in their engineering undergraduate programs. Students who entered their engineering
program academically prepared are likely to have higher social capital i.e., stronger social
networks more resources that lead them to persist. Table 2 shows the rank of reasons that
students selected for leaving engineering on survey 2.



Table 2

Survey 2. Ranked Reasons Students Left Engineering Undergraduate Programs:

Rank Reasons

1 I was academically prepared, but am no longer interested in pursuing engineering.

2 I entered my engineering program not knowing what to expect from my engineering
coursework.

3 I entered my engineering program not understanding what it meant to be an
engineer.

4 I was not academically prepared for the math courses in my engineering program.

5 I was not academically prepared for the chemistry courses in my engineering
program.

6 I was not academically prepared for the physics courses in my engineering program.

7 I was concerned about my GPA declining.

8 Engineering was too competitive.

9 I did not fit in with other students in my department.

10 I was not welcome in my engineering department.

11 My department had a hostile environment.

12 I was concerned about losing my scholarship.

13 I had family obligations.

14 I had financial problems.

15 Other reasons, please specify.

16 None of the above.

*Other reasons specified included not enjoying engineering, choosing other majors that were
more interesting, and that engineering was too competitive.

Gender

Women were likely to rank the reason, “I was academically prepared, but am no longer
interested in pursuing engineering” slightly higher than men were. The second most frequent
reason selected and ranked similarly by both men and women was “I entered my engineering
program not knowing what to expect from my engineering coursework.” Ranked higher by
women than men, the third most frequent reason selected was, “I entered my engineering
program not understanding what it meant to be an engineer.” Ranked slightly higher by men than



women, the fourth most frequently selected reason was, “I was not academically prepared for the
math courses in my engineering program.”

Race/Ethnicity

Black students were overrepresented among students who selected the reasons, “I entered my
engineering program not understanding what it meant to be an engineer” and “I was not
academically prepared for the math courses in my engineering program.” Black students were
underrepresented among students who selected the reason, “I did not fit in with other students in
my department.” As suggested by our interview data, this finding does not necessarily mean
Black students felt that they fit in better than other students did, but rather they might have given
primacy to other issues [18].

Latinx students were overrepresented among students who selected the reason, “I did not fit in
with other students in my department” and were underrepresented among students who selected
the reason, “I entered my engineering program not understanding what it meant to be an
engineer.”

Follow Up Interviews

Our analysis of the 36 follow-up interviews found the primary reasons that women and URM
students switched to non-engineering majors was because they did not know what engineering
was until they started taking courses and that they were concerned about their grade point
average because of the difficulty of the coursework. The students switched also discussed issues
of fit. Overall, these reasons were consistent with the reasons reported by students who
responded to S2. Because of the small sample size of 36 women and URM students interviewed,
the data cannot be disaggregated by gender and race/ethnicity.

Explaining how engineering what was not she had expected, a Black woman at a PWI explained
why she switched from civil engineering to construction technology:

It’s not what I wanted to do, I thought I wanted to [do it]. I thought civil engineering
would be me doing construction and that’s not what it was. It was mainly working on
roadways and bridges and it wasn’t what I wanted to do. And after a while the classes had
me stressed out. And the teachers, I didn’t really feel like I could get help from them.
And so I wasn’t enjoying it, I wasn’t enjoying the program and I wanted to do something
else before it was too late.

Realizing that it was not necessarily his strength nor passion, a Black man at a PWI explained
why he switched from engineering to business analytics and information systems:

At the time I was seeing that engineering wasn’t really like my forte. I just noticed that it
wasn’t what I thought I was passionate about at the time. It would become like really
kind of obvious to me that when I think about it a bit more and explore my options a bit
more. So that’s what I did and I came to the conclusion that the program I’m in now is a
better fit for me personally.



Discussing the sheer amount of effort she had to put in to make average grades in engineering, a
Latinx woman at a PWI who switched from engineering to accounting explained:

I took my first exam in thermodynamics course and I turned in that test. I left it
completely blank and I just felt really bad about myself. So I was crying the whole way
home and I was like, I don’t think I can do this anymore. I ended up getting like the
average grade of the class. But I know, I remember I was studying for like an entire week
nonstop I really going over things trying to grasp everything from the book. But like I just
feel if I couldn’t grasp like the first part, I may have not been able to grasp any of it all.
So I didn’t want to continue feeling like that and like not being rewarded for the amount
of time that I was putting into it.

These students' reasons for leaving engineering are primarily related to social capital. Their
social networks did not provide them with knowledge about what engineering is, advice about
the course-taking sequence to be academically prepare in high school to major in engineering,
and strategies to succeed in engineering courses. However, not feeling that they could go to
faculty for help with their course may be indicative of the first year weed-out culture prevalent in
many STEM programs.

Discussion

We found that women were likely to rank being no longer interested as their reason for leaving
engineering higher than men did. When also had entered their programs with less understanding
about what it meant to be an engineer. When it came to racial and ethnic group responses, Black
students were also more likely to say that they entered their program not knowing what it meant
to be an engineer and not being prepared for the math courses or fitting in with other students as
reasons for their departure. This issue of not knowing ahead of time what it meant to be an
engineer and feeling like they did not fit in was also more often reported by Latinx students. We
also found that women, Black, and Latinx people were more likely to rank higher that they
entered their program not knowing what to expect, and Latinx students were more likely to
report not fitting in well as reasons they left.

Our findings are consistent with other studies that have found that culture and climate play an
important role in women and URM students leaving engineering as does academic performance
[11, 48, 78]. Our work offers important insight into potential ways that engineering participation
can be broadened by isolating the reasons that women and URM students provide for leaving
engineering prior to graduating with their engineering degree. In addition, our results contribute
to the literature [5, 8, 18] which has demonstrated that engineering is often unwelcoming to
women and URM students, which can result in their departure. Finally, we echo the applications
of other work [6, 8] , which has called for engineering departments to transform their cultures
and climates.

The lack of social capital (i.e., alters such as parents/guardians and teachers with knowledge
about engineering and pursuing engineering as a career in their social networks) explains why so
many women and URM students in our sample reported they did not know what engineering was
before entering college and did not know what to expect from their engineering coursework [56].
In addition, we found that Black students entered their engineering programs with lower social



capital than other groups of students [65]. Our findings reveal the value of social capital, as alters
with knowledge about engineering and pursuing engineering provide valuable insights about
engineering as a career, how to prepare academically for engineering coursework, and insider
knowledge about how to navigate engineering programs (e.g., which courses to take and when,
joining professional engineering organizations, and joining a study group) [19, 66, 77]. Also,
these alters often have similar characteristics as the students so they have insider knowledge
about how to overcome obstacles [18].

Implications

Consistent with previous research, we argue that engineering (and other STEM) programs must
transform their culture and become more welcoming to women and URM students in the first
year of engineering programs when they are at the highest risk of switching to non-engineering
majors. Engineering programs should shift their current focus which is primarily on interventions
that “fix” students to interventions that change their culture and climate. For example, they
should collaborate with their colleagues in education (or with organizations such as Women in
Engineering Programs and Advocates Network) to train instructional staff to use inclusive
teaching and pedagogy strategies in the classrooms [30]. Engineering programs should also
consider restructuring particularly difficult courses such as thermodynamics so students can be
more successful [6]. In addition, engineering programs should work to change how faculty and
other instructional staff and advisors view student success and interact with students in their first
and second years which are critical to changing the weed-out culture and will benefit all students.

Further, engineering programs should collaborate with engineering organizations (e.g., National
Society of Black Engineering, Society of Women Engineers, Society of Hispanic Professional
Engineers) to conduct outreach activities at local high schools and middle schools, particularly
those in underserved areas. This outreach should focus on providing women and URM students
in high school with in-depth understanding about what it means to be an engineer, the different
types of available engineering degree options, and what they can expect when enrolled in an
engineering program. The outreach activities should also provide students important information
about the course sequencing necessary to academically prepare them to pursue engineering
majors. Becoming familiar with the STEM courses not offered in some underserved schools
which will allow engineering programs to develop strategies to fill this gap. This would provide
students with the social capital (i.e., a network of resources) they need to start on the path to
becoming an engineer.
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