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Minority Student Experiences in Engineering Graduate Programs: Socialization
and Impact on Career Trajectories

Abstract

This paper examines the academic and social interactions during graduate engineering program
enrollment among racially underrepresented doctoral and master’s students and how those
interactions shape their career goals. Using socialization theory, this study explored daily
interactions of students with faculty and peers, overall perceptions of fit, knowledge about the
graduate school process, and opportunities for mentoring provided in the institution as well as
through outside engagement during industry internships. The findings presented in this paper
build upon an earlier study conducted at one university to a national research sample.
Quantitative and qualitative data provide evidence that underscores the importance of having a
supportive and accessible faculty advisor, the need for mentoring programs and peer groups that
students from traditionally minoritized in engineering can identify with, and the role that regular
feedback and clear expectations can provide in shaping the academic and social interactions of
underrepresented engineering graduate students. This national study is comprised of 109
underrepresented domestic engineering graduate students who identified themselves as African
American, Black, Hispanic, or Native American. Results show that in addition to the academic
and social interactions in an academic setting, internship opportunities and related interactions in
industry-based settings can play an important role in shaping the career trajectories of
minoritized graduate students enrolled in engineering programs. The findings from this study can
better inform the design of diverse, inclusive, and supportive graduate communities that
encourage long-term careers in engineering fields in industry and academia.
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A workforce that is representative of the demographic make-up of the current society in
the United States (U.S.) is of critical importance to economic viability and continued innovation.
In technical fields such as engineering, the underrepresentation of African American, Black,
Hispanic, and Native American engineering graduate students compared to peers who are White
is a well-documented issue [1]. For every seven majoritized students that complete a doctoral
degree in engineering, only one minoritized student will obtain the same degree in the U.S. [2],

[3].

Commissions have identified disproportionate representation in the workforce as a major
challenge due to barriers that are socio-cultural, economic, and historical in nature [4]. At the
same time, research studies have provided empirical evidence that highlights the differences in
the experiences of African American, Black, Hispanic, and Native American domestic
engineering graduate students compared to peers who are White [5], [6]. For example, members
of these groups of traditionally underrepresented minorities in engineering are more apt to
experience feelings of isolation [7], [8]. These feelings can be further exacerbated by conflicting
value systems and prior experiences that do not align with those held by majority peers and
faculty [9], [10]. This isolation can negatively impact students’ transition to graduate school and,
ultimately, retention and progress to degree [5]-[9], [11].

A study at one university highlighted how domestic underrepresented engineering
graduate students are significantly more likely to indicate that prior knowledge about graduate
school and professional skills such as the ability to network, negotiate, and resolve conflicts were
factors impacting their success in graduate school [12]. These students are also more likely to
indicate that they need to look outside of their home departments to establish a community of
support than their majority peers that are not underrepresented [12], [13]. As more is learned of
underrepresented racial minority (URM) student experiences during the graduate degree process,
enrollment studies have also identified how the experiences of URM graduate students have
impacted their career trajectories. For instance, in some cases experiences in graduate school
have reinforced initial career goals to pursue faculty careers [14].

Given the established literature that highlights differences in experiences, this study
sought: (1) to focus on exploring in greater detail the internal and external factors that domestic
underrepresented engineering graduate students identified were important to their success in
graduate school; and (2) how they saw different factors impacting their career trajectories.

Context

Using the same aims and goals of the study to inform our methods/approach, we used a
purposeful sample [15] that encompassed domestic URM students pursuing graduate degrees in
engineering across the U.S. All of the participants were affiliated with a national consortium that
is focused on creating pathways to graduate school for domestic underrepresented students in
engineering and science. More specifically, the sample was drawn from attendees at the
consortium’s annual conference. Based on conference attendee demographics, we find this
sample is representative of most of the URM population pursuing graduate engineering degrees
in the U.S. per the National Science Foundation and ASEE By the Numbers [3], [16]. We
focused our study on this sample purposefully, as these students would be more likely to
highlight a variety of support structures that have enhanced their doctoral journey and supported
their persistence [17].

The consortium brings together institutional liaisons, industry representatives, and
students. The consortium hopes to positively impact the number of URMs who are graduate



degree earners in the U.S. working together to encourage underrepresented domestic
undergraduates to enroll in graduate school, helping to identify industry and institutional funding
to support students as they enroll in graduate school, and seeking to create a mentoring structure
for the students involved. Over the years, the consortium has established a network of alumni
who have graduated from institutions throughout the U.S. that represent the population that is at
the center of the consortium’s work. Involvement in the consortium also provides the opportunity
to participate in an annual conference that brings together the institutional liaisons, industry
representatives, and graduate students. In many cases, the institutional liaisons and industry
representatives who attend the conference may be alumni who participated in the consortium as a
graduate student. The annual conference provides a major opportunity for professional
development for the students and a vehicle for socialization at no cost to students. The annual
conference follows a similar model and agenda every year. Graduate student programming at the
conference included networking sessions and panel presentations. The panel presentations
focused on how to secure a faculty position, and provided tools to support the successful
matriculation into a career by emphasizing networking skills. The conference also had technical
presentation competitions for the student participants.

Methodology

Data were collected through an online survey that was administered to a national sample
of domestic underrepresented engineering graduate students who attended the consortium’s
annual conference during 2017, 2018, and 2019. The survey was administered less than one
week after the conclusion of the final session of the conference. Participants were given one
week to complete the survey and then received a reminder if they had not submitted a response.
It is possible that attendees could have attended multiple conferences and received the survey
more than once. In the responses it was possible to identify individual respondents by a number
of indicators. Before replacing the individual identifier with a subject code to de-identify the
respondents a count was conducted to determine if there were respondents that completed the
survey across years. In total multiple responses provided by the same participant are less than 10
and the team decided it was important to keep all of the responses because at each point in time
the respondent may have been having a different experience in graduate school. Initial survey
questions were developed and reviewed by a group of current engineering graduate students
across various demographic groups. The review of the questions and a pilot study in 2016 led to
a final survey administered for the first time in 2017 and subsequently in 2018 and 2019. The
survey collected demographic data on the participants as well as student perspectives on their
graduate student experience and the factors they believed to be related to their success. For
instance, we asked them to indicate the contribution of prior skills and experiences, relationships
with peers and faculty, and their funding status and degree progress students have made to their
success in graduate school at the time of taking the survey. Open-ended questions on the survey
asked the graduate students to describe what experiences in graduate school have influenced
career goals and the social experience they have had as a graduate student and what groups or
people provide support or a social network.

Once the data were collected, the responses were combined across the cohort years. A
mean score was derived for each scaled item and then items were ranked. The open-ended items
were analyzed using thematic and pattern coding [18]. The open-ended items were reviewed for
emergent themes and refined as themes were identified.



Results

In total, 287 participants received the survey of which 109 responded. Of the 109
respondents to the survey, all of the students were enrolled full-time in graduate school in
engineering and were between 20-30 years of age. The majority of the respondents were African

American, Black, or Hispanic.

Ethnicity N %

African American, Black 51 56.6%
Hispanic 31 34.4%
Two or more races 8 8.8%
E?;:]\aeef\mencan, Pacific i 0.00%

The respondents most frequently reported that the highest degree earned by their mother

or father was a high school degree or equivalent followed by a bachelor’s degree. The

engineering graduate students who responded to the survey included students enrolled in a
master’s degree program followed by a PhD program. Not all students intended to pursue a

doctoral degree in engineering.

Which scenario best describes your situation this academic year N %
This is my first year/semester in my master’s degree program. 33 30.61%
This is my second or ttlurd year in my degree program and | am 24 91.94%
completing my Master's degree.
This is my first year/semester in my PhD program 23 21.29%
This is my second or third year in my PhD degree program. 13 12.22%
This is my second or third year in my PhD degree program and | have 5 5 81%
passed my qualifying exam. O
I have passed the qualifying exam in my PhD degree program and | am

) " : : 7 7.01%
working on writing my dissertation.
Other 3 3.07%

In terms of career plans, the majority of the respondents were thinking about a career in industry

followed by academia.




Quantitative items. Respondents identified a number of factors related to their success in
graduate school. Among the top ranked were ability to find funding, motivation to persist and
commitment to earning a degree, prior academic preparation, and community support. Following
these items peer and faculty interactions registered as important factors contributing to their
success in graduate school.

Factors contributing to success in Graduate School

(1=Not at all, No Contributions, 2=Minimal Contribution, 3= Somewhat of a Mean Score
Contribution, 4=Major Contribution)

Ability to find funding to support graduate study 3.75
Motivation to persist and commitment to earning a degree 3.67
Prior academic preparation (e.g., undergraduate experiences) 3.57
Community support (e.g., family, religious groups) 3.39
“Soft skills” such as ability to network, negotiate, resolve conflicts 3.37
Academic aptitude (e.g., 1Q, mastery of content knowledge) 3.32
Peer support 3.25
Faculty support and interactions other than with advisor 3.20
Relationship with Advisor 3.18
Ability to deal effectively with ambiguity 3.18
Prior knowledge about graduate school, graduate student performance 3.08
expectations '
Progress on research projects 3.02
Engagement in the scientific community (e.g., presentations, professional 597
networks) '

Open Ended Responses. In response to a prompt about what experiences in graduate school
have been factors related to their success and influenced career goals, three themes emerged
from the answers the graduate students provided.

The main theme found in the open-ended responses included the influential nature that a
community of support that includes peers, faculty, and external mentors can have on career
goals. Interactions helped them formalize their career goals and hone in on specific areas they
found compelling. The following quote shows an example of such (quotes in italics):

“This [network] led me to consider alternative career paths for my Ph.D., such as at a

national lab, where the research scientists are more involved in projects that are geared

towards the national interest of the U.S. (and thus assumes a relatively faster pace).”
In some cases, daily interactions with faculty and others internal to a university helped them
understand a clear path forward. Many of the respondents were attaining their graduate degree at
a research institution but interactions with faculty and others helped them understand how they
could use their graduate degree in other areas.

“Interacting with different research professor has made me realize that | wouldn't want

to be a professor at a research 1 institution. I can see myself at a teaching institution, an

industry R&D lab or a national lab.”



“I have not been in grad school for too long since this is my first semester, but seeing
people working on innovative things makes me want to work for a company that gives
importance to this.”
In terms of a second theme, respondents noted the importance of attending conferences.
Many respondents noted how important the consortium conference was with regard to
influencing their career goals. Several of the attendees noted that attending the conference
solidified their goal to attain a PhD and also helped them understand how to secure a job in
academia. They noted that having the opportunity to network with people at the consortium
conference who have attained a PhD in engineering, and who were also URM, was important to
learn about a variety of career options. For instance, the conference exposed them to PhD earners
who are employed at national labs.
From the respondents’ perspective, a critical aspect of the conference was how it served as a
venue to continue to motivate them to finish their graduate degree.
“It was sincerely invigorating to hear from professionals both working in the field, and
working to make academia more accessible to all groups. | had went [sic] in with little
expectations, but was able to have candid conversations regarding potential career paths
and how to deal with the initial steps to navigating industry. I reinforced my plans to both
complete my PhD and enter the working world even more as a result of attending the
conference.”
Especially important was the fact that the messages about viable career pathways were
communicated by industry and academic leaders and senior level peers that the graduate students
could identify with.
“It was great seeing so many graduate students of color, especially coming from a
graduate program where there is [sic] very few students of color. The speeches at the
dinners and breakfast were very motivational. I am ready to finish my thesis!”
Attendees noted that the conference exposed them to opportunities in academia, including a
faculty career, and the sessions helped them understand what they would need to do in order to
apply for a faculty position. Additionally, participants noted that the conference allowed them to
build additional relationships with industry representatives and consider how they could use their
graduate degree in an industry setting.

“Attending the conference gave me the opportunity to talk to representatives in person
about opportunities they have at their companies in my discipline. This was great
because when | went to look online at what they have to offer in my [biomedical
engineering] background (cellular and molecular biology; host-pathogen interactions)
the websites felt very allusive and non-descriptive but the representatives for those
companies offered more context. ”

“The conference exposed me to other people who look like me with PhDs. It was

amazing! The experience gave confidence, hope and empowered me...”

The final theme that that emerged from the responses was the influential nature of
internships that graduate students participated in. In particular respondents noted the importance
of the internships they participated in with industrial partners in the national consortium.

“My [consortium] internship at [name of company] the summer after my second year of

the PhD solidified my desire to attend graduate school! ”

“My internship with [name of company] after receiving the [name of consortium]

fellowship influenced me to seek industry as a career goal after graduate school...”



In addition to internships that students were already participating in, other graduate students
indicated that they are going to be seeking internships with industry to help clarify career goals
in the near future as part of their graduate experience.
“Thus far in graduate school I am still getting my feet under me as a first-year grad
student therefore | have not experienced many situations that have influenced a change in
my career goals. However, | have learned that my program is focused heavily on design
research, even more that | was originally aware. Consequently, | have considered
searching for an internship this summer to conduct user experience research.”

Discussion

Quantitative and qualitative data provide evidence that underscores the importance of
several internal and external factors that are important to the success of underrepresented
domestic graduate students and their career goals. Findings demonstrate that having a
community of support that includes groups comprised of faculty and peers at their university.
This theme aligns with one of the main tenets of socialization theory which posits that learning in
the doctoral journey best occurs when supported by those in a student’s immediate departmental
community [9], [10]. Results further underscore the importance of having role models that
underrepresented students can identify with; a finding which has also been confirmed in prior
studies in STEM and engineering [19], [20]. In addition to the academic and social interactions
in an academic setting, internship opportunities and related interactions in industry-based settings
can play an important role in shaping the career trajectories of underrepresented graduate
students enrolled in engineering programs. These types of interactions can help students clarify
their career goals and understand options in terms of what options are available to use their
graduate degree that fall outside academia. They learned new ways to align with their skill set
that they had not been aware of previously. A critical component of the interactions with mentors
and industry representatives was the way those interactions served to motivate graduate students
to persevere through their graduate studies and attain their degree. While these findings align
with other studies that have focused on understanding postgraduate career decisions for doctoral
students [4], we uniquely highlight tangible benefits that leveraging connections between
academia and industry can bring specifically to URM students.

As with any study, this study does have some limitations. First, we do not know how the
institutional context may influence the individual experiences of students at their campus.
However, our findings do match those described in other studies [6], [13], [14] which leads us to
believe most institutions offer similar support making the student experiences similar across
institutions. Second, our sample did not include Native American or Pacific Islanders. While
their number are low in the general engineering graduate student population [16], it is important
to understand how their experiences may differ from those of other URM students more broadly
represented in higher education. Third, the participants all attended a conference which may be
one of the reasons for which they discussed conference participation as a key element of their
graduate experience.

Implications and Conclusions

The results from this paper can better inform the design of diverse, inclusive and
supportive graduate communities that encourage long-term careers in engineering fields in
industry and academia. For example, institutions can promote connections and communities
through which students can develop networks of URM students as these can help reduce the



isolation they can experience in predominantly white spaces. Similarly, given students’
overwhelming interest to pursue careers in industry over academia, institutions can provide
assistance for students to identify internships or industry experiences that best match their post-
graduate school career goals.

The framework that is used by the consortium to bring together institutional

representatives, industry representatives and graduate students could be used built on by
universities. Institutions may want to consider how to develop opportunities for graduate
students to engage in industry-based internships that are related to their career goals. In addition,
creating mentoring structures that provide opportunities for graduate students to engage with
industry representatives, particularly those that they can identify with, could allow for increased
retention and degree attainment rates as these types of interactions provide increased motivation.
Future research can evaluate the specific mechanisms these industrial relationships can be
leveraged to encourage persistence in the doctoral journey for these specific communities.
Authors are willing to provide copies of the survey that was used for this study. Requests can be
made by email to the primary author.
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