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Engineers and computer scientists with advanced degrees play a critical role in addressing complex societal challenges
while serving as role models for undergraduate students pursuing degrees in these areas. However, the results of a
literature map, conducted as a part of a larger study, suggest that we tend to focus on undergraduate education when
discussing how to diversify the talent pool. This paper presents the findings from a systematic literature review on the
barriers to graduate-level participation in engineering as experienced by African Americans, one of the most under-
represented groups. Twenty-two articles resulted from the search, 11 passing the quality check. The analysis focused on
synthesizing themes surrounding how researchers study the problem, barriers to participation, and recommendations for
addressing them. Results highlight that investigators tend to focus on three topic areas: (1) Student Identity, (2)
Recruitment and Persistence, and (3) Students’ Perceptions of Graduate School. This synthesis presents the current state
of the literature on broadening participation of African American engineering graduate students and highlights

opportunities for future inquiries.
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1. Introduction

Since the 1970s, national reports have called for
increased diversity and inclusion in science, tech-
nology, engineering, and mathematics (STEM)
education and the workforce [1, 2]. These calls
have resulted in a breadth of activities performed
by researchers, practitioners, and policymakers
committed to addressing this issue [3-5]. Fig. 1
reveals the trends in participation in engineering
and computer science for two groups that are of
national significance in this conversation: African
Americans and Hispanic populations. Despite pro-
gress in representation for some groups over the last
four decades (e.g., women, Latinx) [6], the numbers
remain stagnant — and sometimes decline — for
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others. This declining trend is alarming and is the
impetus for our focus on African Americans in this
study.

In light of these trends, the authors of this study
initiated a study entitled ‘“‘Pushing Students Away:
Developing a Research Agenda for Broadening
Participation of African Americans in Engineering
and Computer Science”. In it, we argue that produ-
cing a diverse engineering and computer science
workforce is unlikely if the country continues to
lose underrepresented racial minorities at critical
segments along the education-to-workforce path-
way. In order to address this issue, it is imperative
that we: (1) critically examine what is causing the
disconnect between research and practice as it
relates to broadening participation, (2) figure out

497



498

Teirra K. Holloman et al.

12%

10%

8%

6%

4%

2%

Percentage of Engineering Bachelor's Degrees Awarded

0%
2000 2001 2002 2003 2004 2005 2006 2007

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Year

—e—Black or African American ~ —a— Hispanic

Fig. 1. Percentage of bachelor’s degrees awarded to African Americans and Hispanics of all degrees awarded in engineering. Graph

produced based on the Yoder report [6].

what is pushing students away, and (3) develop a
holistic agenda for moving forward.

These aims are being accomplished using a three-
phase study. While details of the complete summary
of the project can be found online [7], the current
study is a part of the first phase. Phase I of this study
consists of producing a systematic mapping of
existing scholarship and a series of systematic
literature reviews associated with barriers to parti-
cipation along the four segments of the education-
to-workforce pathway: K-12 education, undergrad-
uate education, graduate education, and the work-
force. In short, a systematic literature map
documents trends in the most salient features of
existing studies on a particular topic; it is most
useful when scoping an unknown research area
and identifying gaps from which to commission
future research [8]. Two of the most salient findings
of the literature map were: (1) most of the existing
scholarship, focused on broadening participation
of African Americans in engineering and computer
science, is focused on undergraduate and K-12
students; and (2) there is relatively little scholarship
focused on graduate education students [9].

This lack of attention to graduate education and
students is disheartening for a variety of reasons.
The knowledge, skills, and attributes that students
gain in graduate school allow them to “compete in
the global economy, as well as solve problems of
national and global scope™ [10, p. 1]. In fact, it is not
uncommon for the Bureau of Labor Statistics to
produce reports citing what proportion of jobs will
require a master’s or doctoral degree; that number

tends to hover around 20% [11]. Lastly, engineers
and computer scientists with advanced degrees
serve as role models for other minoritized students
pursuing degrees in these areas [12, 13]. Thus,
addressing issues of broadening participation at
the graduate level has implications for broadening
participation at every other level of education and
society.

This study is motivated by the need to explore
insights from existing scholarship as part of devel-
oping a strategy to move forward. Broadening
participation in engineering and computer science
(CS) education and the workforce requires focus at
every level, including graduate education. How-
ever, we argue that there is a need to first make
sense of what we already know about this problem
as part of the effort to determine areas for future
investigation and action. Thus, the purpose of this
study is to present the results of a systematic
literature review of scholarship focused specifically
on barriers to participation in graduate engineering
and CS education, particularly for African Amer-
icans, and highlight opportunities for future inqui-
ries on this topic.

2. Methodology

The contributions of any scholarly work must be
situated within an existing body of knowledge.
Although literature reviews are well established
and utilized in engineering education, systematic
literature reviews (SLR) are not used as often [14].
Other disciplines have found a use for SLRs to
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summarize, critically evaluate, and reconcile con-
flicting evidence to inform policy and practice [14].
SLRs can vary in purpose from describing the
current state of knowledge, to evaluating theory,
to identifying gaps in the literature [15].

Two main sources guided the five major steps we
used to conduct this systematic literature review —
one resource that spells out details of the process for
researchers in a variety of disciplines conducting
SLRs [15], and one that operationalizes SLR meth-
odology for the engineering education community
[14]. The five major steps of this SLR include:

1. Formulate Guiding Research Questions and
Corresponding Inclusion Criteria.

2. Find and Catalogue Sources.

3. Critique and Appraise the Quality of Selected
Literature.

4. Synthesize Insights.

5. Address Bias, Validity, and Reliability Con-
cerns.

These steps will serve as a framework for how the
rest of this section is organized. The first three and
final steps are related to methods of data collection
and analysis, while the fourth step relates to the
results of the SLR.

2.1 Formulate Guiding Research Questions and
Inclusion Criteria

The questions guiding this study are:

1. What is the current state of scholarship on
barriers to participating in graduate engineering
andlor computer science education faced by
African Americans?

2. What themes exist regarding research questions,
theoretical frameworks, methodological choices,

Table 1. Databases and search strings used to locate articles

participant demographics, and recommendations
in the current scholarship?

The literature found during the systematic mapping
[9] was used to address these question. As a result,
the inclusion criteria used during the mapping
review and by extension the SLR are as follows:
(1) publication date range, (2) database selection,
and (3) search string selection. Historical events
associated with efforts to broaden the participation
of African Americans in engineering and computer
science were used to inform the date range (e.g., the
formation of minority engineering programs and
the National Society of Black Engineers). The other
two criteria will be discussed in the next section.

2.2 Find and Catalogue Sources

A librarian’s expertise was useful for identifying
databases, performing the database searches, and
limiting publication bias. Search strings were vali-
dated using sentinel articles. In short, sentinel
articles are used during preliminary checks to
determine whether the search results are yielding
the types of articles of interest. Table 1 presents the
final list of databases, search strings, and notes that
may be useful for replicating the search. We recog-
nize that the terms Black and African American are
not one and the same however, they are often used
interchangeably in the literature. Thus, our search
strings include both as does our language when
reporting results in future sections. Further details
on this mapping review can be found in another
publication [9]. The data associated with this SLR
was collected in January 2017.

Following the removal of duplicate publications,
1,080 articles were screened based on three hier-
archical eligibility criteria: (1) Is the article written

persist* OR retention)) AND

((AB african w2 american OR SU african w2 american OR TI
african w2 american) OR (AB black OR SU black OR TI black)
OR (AB people N2 color* OR SU people N2 color* OR TI
people N2 color*))

AND

((AB STEM OR SU STEM OR TI STEM) OR (AB engineer*
OR SU engineer* OR TI engineer) OR (AB “computer science”
OR SU “computer science”” OR TI “computer science’’))

Database Name Search String Note

Education Source and ((bias OR discrimination OR multicultural®* OR inclusiv¥ OR Search all fields for words
PsycINFO racism OR prejudice) OR used to include or exclude
(EBSCOhost interface) (motivation OR attainment OR achievement OR aspiration OR | people

Search Abstract, Title,
Subject headings for terms
used for African American

Search Abstract, Title,
Subject headings for STEM,
engineering, and computer
science

Compendex and INSPEC
(Ei Village interface)

< ((motivation OR attainment OR achievement OR aspiration
OR persist* OR retention) WN All fields) > OR < ((bias or
discrimination or multicultural* or inclusiv* or racism or
prejudice) WN All fields) >

AND

< ((((african ONEAR/2 american) WN KY) OR ((black) WN
KY)) OR ((people NEAR/2 color) WN KY)) >

AND

< ((STEM OR engineer* OR “computer science””) WN KY) >

Quick search, Autostemming
off, Search all fields

Search Subject/Title/Abstract,
Autostemming off

Search Subject/Title/Abstract,
Autostemming off
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Fig. 2. PRISMA Flowchart for Systematic Map.

in English and about education or the STEM work-
force in the United States? (2) Is the article focused
on engineering or computer science in any context,
or STEM disciplines in a K-12 context? (3) Is the
article focused on issues or the experiences of Black
or African Americans, or on some aspect of the
wide variety of topics associated with broadening
participation? (One of our previously-published
articles includes reflections on the “messiness’ of
executing these initial, value-laden steps of an SLR,
using this project as an example [16].)

Three coders analyzed each article, meeting when
needed to discuss articles that required an addi-
tional opinion. In total, 470 out of 1180 (40%)
articles met the three eligibility criteria. Table 2
presents these findings and highlights the initial
search for literature as it relates to graduate stu-
dents resulting in a total of 22 out of 470 docu-
ments. The complete result of the literature map can
be found elsewhere [9]. Fig. 2 depicts the PRISMA
flowchart associated with this systematic mapping
and Table 2 denotes the number of articles asso-
ciated with it.

2.3 Critique and Appraise the Quality of Literature

Following the documentation of the literature map

results, the 22 documents associated with graduate
education went through a quality check. In general,
SLRs require researchers to conduct quality checks
to ensure that critical aspects of a research study are
present. Although all of the articles that met the
eligibility criteria were included in the systematic
mapping, four final questions determined whether a
study passed the quality check and would be
included in this SLR. Each question required a
yes or no response. The questions were as follows:

1. Isthe problem/purpose/aim of the study clearly
stated; and if so, is it focused on graduate
education and/or graduate students?

2. Is the sampling strategy apparent and appro-
priate? Does the sample represent the target
population?

3. Is information about data collection proce-
dures apparent and appropriate?

4. Isinformation about the approach to analyzing
data apparent and appropriate for addressing
the study’s purpose?

Ultimately, 12 of the 22 articles associated with
graduate education passed the quality check. Upon
closer review of each document, it was discovered
that one document was a duplicate recording of a

Table 2. Systematic mapping of literature on broadening participation of African Americans in engineering and computer science

Segment Engineering CS STEM Subtotal
ED: K-12 7 12 69 88
ED: Community College 2 0 5 7
ED: Undergraduate 132 17 106 255
ED: Graduate 5 1 16 22
Workforce: Academia 11 0 9 20
Workforce: Non-Academic 8 1 3 12
Across Segments 18 5 28 51
Other 3 4 8 15
Grand Total 186 40 244 470
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dissertation thesis in the form of a conference
paper. Because of this, the conference paper was
removed from the review and the dissertation was
retained because it contained more information
about the study.

2.4 Address Bias, Validity, and Reliability
Concerns

Existing research outlines a variety of steps to take
in order to address bias, validity, and reliability
concerns while conducting an SLR [17]. This sec-
tion describes how those guidelines were implemen-
ted in this work. In order to minimize bias
traditionally stemming from authors electing to
report only certain outcomes and/or studies with
only positive results, search techniques that con-
sider grey literature (and not just journal publica-
tions, for example) were employed [18]. As
mentioned, a librarian was involved in the process
of identifying keywords and databases to mitigate
the impact of researcher bias. Accordingly, primary
studies were masked for author names, affiliations,
and journal names during the quality appraisal
phase to avoid selection bias. Furthermore, this
article and other SLRs associated with this project
include a thorough explanation of the methodology
used to identify and collect data; this has been
explained above to showcase consistency and trans-
parency. Additionally, multiple coders were used to
apply and discuss criteria for inclusion/exclusion
and quality assessment to help establish reliability
and further minimize our own bias. Collectively,
these efforts were designed to address concerns that
may stem from questions about bias, validity, and
reliability.

Despite these efforts, this study still has limita-
tions. According to Cook, Mulrow, and Haynes
[19] the limitations of a systematic literature review
stem from: (1) the quality and quantity of the
selected studies, and (2) the quality of the systematic
review procedures. In this study, we were interested
in literature focused on the intersection of Black
graduate students and graduate students in engi-
neering and computer science. With this in mind,
literature solely about Black graduate students, in
general, and about graduate students in engineer-
ing, in general, did not pass our inclusion criteria
and as a result, were excluded. We acknowledge
that this choice will lead to the possibility that this
SLR is not comprehensive of all literature related to
this population. This is a limitation of our interest
in scholarship specifically focused on the intersec-
tion of these topics. Additionally, we excluded
assessment-focused papers from this review. As a
result, this review is more focused on research than
interventions. (Another publication is in develop-
ment that focuses solely on relevant interventions

and assessments.) Furthermore, the fact that this
topic has not been consistently studied over time
(since 1975) led to small quantities of articles and by
extension, more opportunities for research than
insights from the existing scholarship. Lastly,
because the literature in this review was collected
in January 2017, the length of typical publication
cycles may have led to the exclusion of more recent
articles like “Into the Storm: Ecological and Socio-
logical Impediments to Black Males’ Persistence in
Engineering Graduate Programs™ by Burt, Wil-
liams, and Smith [20].

As stated in the aforementioned purpose — and
consistent with the goals of a systematic literature
review [14, 15] — we sought to not only present the
current state of knowledge on the topic but also
highlight opportunities for future inquiries on scho-
larship focused on barriers to participation in
graduate engineering and CS education, particu-
larly for African Americans. Given this scope of the
study and the need to identify articles at the inter-
section of a set of topics — graduate education AND
African Americans AND engineering OR compu-
ter science — we acknowledge that there may be
other literature that is peripherally relevant because
of its focus on either of the topics. However, with-
out an emphasis on all three topics simultaneously,
we consider this work beyond the scope of this SLR.
Said differently, the analogy of a Venn diagram
provides useful language to explain which articles
were included or excluded. Articles at the “inter-
section of the set” of topics were included in the
SLR while articles that made up the “symmetric
difference of the set” did not meet the eligibility
criteria.

3. Data Analysis

There were four main steps in this data analysis. As
part of step one, we extracted data from each article
and organized it by columns in a Microsoft Excel
spreadsheet. Specifically, the following components
were extracted: purpose, methods, theoretical fra-
mework, sample size, location (e.g., HBCU, PWI,
HSI), participant demographics (e.g., sex, disci-
pline, classification), major barriers, recommenda-
tions, future research, and limitations as stated by
the author were collected for each article.

As part of the second step, we searched for
commonalities across the purpose statements of
each article. For example, Bancroft, Benson, and
Johnson [21] were interested in the students’ percep-
tions of the McNair Scholars’ program as well as
their graduate degree program culture based on
their race and gender. Similarly, Squires [22]
sought to understand the lived experiences of Afri-
can American women in STEM doctoral programs
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by exploring how 10 African American women
described their lived experiences during STEM
doctoral degree completion. While all of the articles
investigated African American student experiences
in the graduate school context, these articles speci-
fically wanted to understand students’ perceptions
of these environments, thus resulting in one of our
themes: Perceptions of Graduate School. Addition-
ally, we noticed that two articles Chatman [23] and
Tran [24] focused on the identity of the student in
the purpose of their studies. Chatman wanted to
better understand who is likely to go to graduate
school and begin to build profiles for those who do
and don’t. Tran [24] explored the conflict that exists
between students’ science identity and other core
identities that shape how they view themselves.
These articles resulted in another theme: Student
Identity. Lastly, the remaining seven articles dove
into what factors impacted student pursuit and
persistence in STEM graduate degree programs
which resulted in our final theme: Recruitment
and Persistence. The three themes that emerged
across the purposes of the articles: (1) recruitment
and persistence, (2) student identity, and (3) percep-
tions of graduate school, will provide structure for
presenting the remaining results of this SLR.

The next step includes two parts and was com-
pleted for each theme. Within each of these three
themes, we synthesized two types of information:
(1) how researchers were framing and investigating
the problem, and (2) research findings that resulted
from their analysis. A variety of the extracted data
was used for this step of the analysis (e.g., methods,
framework, participant information, and major
barriers). The salient details from the extraction
are included in Tables 3, 4, and 5 in the Results. The
last section of the results stemmed from the final
step of the analysis. During this step, we synthesized
the positive and negative factors contributing to
graduate student success and the recommendations
suggested in all 11 articles.

4. Systematic Literature Review Results

Three themes emerged from the analysis of the 11
documents that passed the quality check: (1)
recruitment and persistence; (2) student identity;,
and (3) perceptions of graduate school. This section
uses these three topics as a framework for docu-
menting trends that answer the foci introduced in
the guiding research question — trends in the
research questions, theoretical frameworks, meth-
odological choices, participant demographics, bar-
riers to participation, and recommendations for
addressing them. After each theme is discussed, a
cross-topic analysis and implications of these
results will be presented in the subsequent section.

4.1 Theme I: Recruitment and Persistence

The majority of the studies in this SLR, 7 of 11 [25-
31], contained purpose statements about recruiting
and keeping students in graduate programs.
Although one study (i.e., [25]) used quantitative
methods to analyze big data, the majority of these
studies used qualitative approaches (e.g., inter-
views, focus groups) to address their research
goals. One unique feature of Figueroa’s [28] work
was its secondary use of previously collected focus
group data. Frameworks used in these articles
spanned a broad range: critical perspectives [32—
34], theories and models of student persistence [35,
36], socialization [37, 38], decision factor theory and
models [39, 40].These studies used a variety of
strategies for selecting participants, and as a
result, relied on a wide range of people for insights
about the recruitment and persistence of Black
graduate engineering students. For example, Braz-
ziel and Brazziel [26] chose to recruit science and
engineering graduates who were capable of pursu-
ing PhDs yet opted to pursue careers in other fields.
Meanwhile, Bradford [25] and Jackson-Smith [29]
recruited undergraduates. The majority of authors
[27, 28, 30, 31] collected data from graduate stu-
dents. These studies spanned a wide array of science
and engineering disciplines and even included some
students from the liberal arts, humanities, and
education in their sample groups. Institution type
also varied among these articles, with at least three
studies including more than one type (i.e., HBCU,
PWI, HSI). Among the studies that mentioned the
gendered makeup of the participants, one reflected
parity [31], another included more women than men
[25, 28, 30], one focused on women [29], and two did
not include gender demographics [26, 27]. Another
point related to participants was sample size. More
specifically, several authors conducting qualitative
studies mentioned small sample sizes and lack of
generalizability as limitations. Other authors
acknowledged that the results of their study may
have been influenced by self-selection bias [41].
Lastly, Bradford [25] mentions the lack of control
groups and unknown student participation in inter-
ventions as a limitation in their quantitative study.

4.1.1 Emerging Insights & Recommendations

Results from these studies included positive and
negative influences on student participation and
persistence in graduate programs. These included
factors about the institution and program that
either helped or hindered students. For example,
Bradford [25] notes that when institutions are
designing early exposure to research opportunities
for underrepresented students, the type of experi-
ence and depth of engagement matters. Crumpton-
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Table 3. Extracted data from articles in Theme 1 focused on the recruitment and persistence of African American graduate students in
engineering and computer science

Why? What? HOW?
Participants Demographics
(Program) | Disciplinary
Focus | Sample Size | Sex |
Articles Motivation for the Study Purpose of the Study Methods | Framework Education Level)
[25] global security, global persistence; successful | Quant Geometric M.O.R.E. (intervention)
competitiveness, growing intervention program Model of participants | Biomedical
diversity population characteristics Student Sciences | 227 Female; 155
Persistence and | Male | MS and PhD
Achievement
[26] growing diversity factors in forgoing Qual Decision PhD capable science and
population; loss of students PhDs; how to attract Funnel engineering graduates who
to corporate jobs underrepresented pursued careers in other
students to PhDs fields | Science and
Engineering | 12 | N/A | PhD
[27] disproportionate understanding Qual N/A Graduate students | STEM |
representation, need to underrepresented 91 | N/A | Not Specified
understand how to be graduate student
supportive, global perspectives on
competitiveness supportive practices
[28] Wide racial differences in supports and Qual critical Graduate students |
graduate degree completion | challenges to socialization Engineering, Biological and
within institutions of the persistence of framework Biomedical Sciences,
same type are indicative of underrepresented within a Mathematics, Physics,
systematic barriers that students in grad constructivist Chemistry, Environmental
affect students and are school; how power, paradigm Science, Ecology,
suggestive of possible race, and Psychology | 53 | 22 Female;
“hierarchies of power, underrepresentation 31 Male | M.S. and PhD
communication, and shape those
opportunity”’; cultures experiences; compare
threaten all in STEM, not across institutions
just underrepresented
students
[29] global security, global impact of summer Qual The Triple Summer research
competitiveness, competent research on pursuing Quandary participants | Animal
and diverse workforce grad school Theory Science, Chemical
Engineering, Computer
Science, Biology, Chemistry,
Civil Engineering,
Environmental Science | 6 |
Female | Undergraduate
[30] global competitiveness personal and Qual Critical Race Graduate students | Liberal
institutional factors Theory arts, Humanities,
impeding/ Engineering, Education| 12 |
promoting persistence 10 Female; 2 Male | PhD
and retention
[31] very little work taking anti- factors that influence Qual Critical Race PhD graduates | Applied
deficit approach, very little African Americans to Theory, Model | physics, Bioengineering,
qual work on this pursue and complete of doctoral Chemical Engineering, Civil
demographic doctoral engineering degree Engineering, Computer
degrees progress, and Science, Electrical
Longitudinal Engineering, Materials
model of Science and Engineering,
graduate Mechanical Engineering,
student Industrial engineering | 19| 7
persistence Female; 12 Male | PhD

Young, Etemadi, Little & Carter [27], Little [30],
and Simon [31] speak to the importance of family,
peer, and faculty/advisor support in the quality of
the graduate education experience, especially from
others who identify as underrepresented minorities.
Brazziel and Brazziel [26], Crumpton-Young, Ete-
madi, Little & Carter [27], and Figueroa [28] echo
financial concerns and availability of institutional
resources as impediments to student success. Fig-

ueroa also reveals that “intergroup and interperso-
nal dynamics wherein underrepresentation, power
imbalances, and preferences for interaction among
different student groups” can foster unwelcomed
environments for underrepresented students [28, p.
297]. Little reveals the feelings of hypervisibility and
invisibility to describe a Black student’s presence in
the academy while also noting that the “paucity of
faculty of color in academia reified the ‘domain of
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Table 4. Extracted data from articles in Theme 2 focused on the role of identity for African American graduate students in engineering and
computer science

Why? What? HOW?
Participants Demographics
(Program) | Disciplinary
Focus | Sample Size | Sex |

Articles Motivation for the Study Purpose of the Study Methods | Framework Education Level)

[23] underrepresentation at describe University of | Quant Social Learning | McNair (intervention)
doctorate level; examine Tennessee McNair Theory — Locus | scholars who were and were
successfulness of McNair participants; of Control not enrolled in graduate
program; examine understand who is school | Physical sciences,
assumption that summer likely to go to Life sciences, Engineering,
enrichment programs serve graduate school; build Social Sciences, Business-
to ameliorate and counteract | profiles for those who related Fields | 60 | 32
the impact of poverty on the | do and do not Female; 29 Male | Not
academic achievement of Specified
economically disadvantaged
and underrepresented
students

[24] global competitiveness ?understand and Qual The model of Graduate students |

describe how science Chemistry, Biological/
graduate students in identity, Model | Biomedical Science,
STEM disciplines of multiple Engineering, Computer
experience conflict dimensions of Science, Math, Physics | 73 |
between their science identity, 33 Female; 40 Male | M..S.
identity and their Theory of and PhD
social identities validation of

culturally

diverse

students

Table 5. Extracted data from articles in Theme 3 focused on the perceptions that African American graduate students in engineering and

computer science have about graduate school

the human capital that can
ensure the country’s
economic and global
competitiveness; little
literature on intersections of
race and gender

experiences of African
American women in
STEM doctoral
programs

theory, Black
feminist
thought, and
the science
identity model

Why? What? HOW?
Participants Demographics
(Program) | Disciplinary
s Focus | Sample Size | Sex |

Articles Motivation for the Study Purpose of the Study Methods | Framework Education Level)

[21] disproportionate perceptions of Quant Socialization Former McNair
representation, majority- program culture (intervention) scholars
minority country in 2050, based on gender and formally or currently
need to take a systematic race enrolled in graduate school |
view of the problem and get Chemistry, Life Sciences,
away from the individual Psychology, Physiology,

Engineering, Mathematics |
14|10 Female; 4 Male | M..S.
and PhD

[22] social justice goals; utilize understanding lived Qual Critical race PhD graduates |

Biostatistics, Biochemistry,
Molecular Genetics and
Microbiology, Civil
Engineering, Anatomy,
Cancer Biology, Chemistry,
Pharmacology, Integrative
Biosciences | 10 | Female |
PhD

whiteness,” often reflected at the focal institution”

[30, p. 4].

These articles include a variety of recommenda-
tions for improving graduate engineering education
to support recruitment and persistence. Overall,
Little [30] calls for a more holistic and strategic
approach requiring efforts to be made at every step
of the STEM pathway from early academic messa-
ging, to doctoral recruitment and admissions pro-
cesses, to faculty perceptions and interactions.

Furthermore, recommendations from these studies
indicate the need to support graduate students
through financial support and programming.
While Brazziel and Brazziel’s [26] results highlight
the need for more funding to support scholarships
and fellowships, Jackson-Smith [29] calls for
increased funding for summer intervention pro-
grams and for training staff to accommodate the
unique needs of their participants. On the other
hand, Simon [31] recommends that university
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administrators play an active role in making envir-
onments more suitable for student success. Mean-
while, Crumpton-Young, Etemadi, Little & Carter
[27] made recommendations for departments to use
motivational practices and methods as a means to
improve student program completion rates. Lastly,
Figueroa [28] made recommendations pertaining to
intergroup relations, peer learning environments in
programs with regard to structure and competitive-
ness, biases and discrimination from peers and
faculty, and availability of institutional resources.
For example, one recommendation is to improve
the relationships between students and faculty, and
between students and their peers. Faculty should be
mindful of the power dynamics at play and be
attentive to not only what they say to students,
but how they communicate as well. Literature
suggests prioritizing clear and effective communica-
tion between students and faculty especially as it
relates to needs and expectations in order to help
increase completion rates [42]. Department coordi-
nated gatherings, study groups, and mentorship
programs are suggested to help facilitate mean-
ingful relationships among students and their peers.

4.2 Theme II: Student Identity

Two of the 11 articles [23, 24] contained purposes
and research questions about student identity.
Chatman [23] sought to build profiles for students
that indicated whether they were likely or unlikely
to go to graduate school. On the other hand, Tran
[24] aimed to investigate the conflict that exists
between a student’s science identity and other core
identities, like gender and race. Chatman took a
quantitative approach using secondary analysis,
while Tran used focus groups as a data collection
method. Chatman utilized five “‘seminal” studies to
guide this study. Four were related to undergradu-
ate or graduate matriculation and performance of
African American students [42-45] and one was a
theory regarding the relationship between levels of
control and achievement [46]. Of the many choices
in theoretical frameworks, Tran chose multiple
theories and frameworks [47-49] that all mapped
directly to student identity.

Chatman’s [23] sample group consisted of under-
graduate McNair Scholars (https://mcnairscho-
lars.com) eligible for graduate school. Half of
these students attended a PWI (predominantly
white institution) and the remainder attended an
HBCU (historically Black colleges and universi-
ties). Fifty percent of participants were women
with participants spanning five various fields
including engineering, life sciences, and business-
related fields. Tran [24] sampled graduate students
from an HBCU, three PWIs, and two HSIs (His-
panic-serving institution) with 45% of participants

identifying as women. These authors highlighted
various limitations of their work. Chatman notes a
lack of generalizability, limited scope of analysis,
the fact that data is self-reported, and the small
sample size. Tran acknowledges limitations of using
focus groups and secondary analysis, as well as lack
of generalizability.

4.2.1 Emerging Insights & Recommendations

Results from these studies indicate possible positive
influences on student participation in graduate
school as well as some general results from the
study. For example, Chatman [23] found that
nearly 70% of the University of Tennessee Ronald
McNair Program participants eligible for graduate
school were enrolled in graduate school. Those who
participated in the McNair Program went on to
graduate school, and were significantly different
from those who did not (in terms of demographic,
educational, academic, and personality variables.)
These findings highlight both promise for enrich-
ment programs such as this one and a need for
further study. Tran [24] notes that the dominant
culture of science presents a disruption for the
science identities of underrepresented minorities
and women in STEM, thus students develop stra-
tegies to cope and manage this tension among
identities.

These two articles provide two types of recom-
mendations — one more localized than the other.
Recommendations from Chatman [23] pertained to
programmatic updates needed within the McNair
Scholars at the sample institution and the program
more broadly. Updates included designing the pro-
gram to increase recruitment from HBCUs and use
personality variables such as locus of control and
behavioral preferences, as a part of the selection
process. On the other hand, Tran [24] recom-
mended practical implications, such as: offering
student organizations centering on race, gender,
socioeconomic status, and religion; treating stu-
dents as whole persons and not as categories or
numbers; adopting cultural pluralistic pedagogy
and curricula; and encouraging faculty to be more
supportive of students who seek to engage research
for social change or participate in outreach.

4.3 Theme III: Perceptions of Graduate School

The final two articles of this SLR [21, 22] present
work aiming to better understand students’ percep-
tions of graduate school. Specifically, Squires [22]
focused on understanding the lived experiences of
African American women in STEM doctoral pro-
grams through interviews. Meanwhile, Bancroft,
Benson, and Johnson [21] used a quantitative
approach to investigate student perceptions of
program culture based on the students’ gender
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and race by using Likert-scale surveys. Squires
combined aspects of three theories: Critical Race
Theory [32], Black feminist thought [50], and the
science identity model [47]. Bancroft, Benson, and
Johnson used a critical lens to focus on the environ-
mental factors (such as racism, sexism, and stereo-
type threat) that significantly affect the student
experience. They surveyed former McNair scholars,
71% of whom were female, in graduate school from
various STEM disciplines at three PWIs. The
majority of students (71%) were PhD students, a
few (21%) were master’s students, and some (7%)
were unknown. Squires interviewed PhD graduates
who were asked to reflect on their experience in their
respective programs. Bancroft and colleagues note
their small sample size and limited survey as limita-
tions. Squires expresses limitations due to a lack of
data collected from current undergraduate or grad-
uate student experiences in STEM programs.

4.3.1 Emerging Insights & Recommendations

Results from Bancroft, Benson, and Johnson [21]
included students reporting the presence of double
oppression; heightened gender and race awareness;
and pressure to work harder because of gender and/
or race in their graduate programs. Major findings
from Squires [22] included an expressed lack of
African American women as options for mentors,
as well as a list of seven factors attributed to the
successful completion of the dissertation and doc-
toral degree. These factors include: (1) having a clear
plan, (2) taking ownership of the writing process, (3)
having an engaged advisor, (4) learning the writing
style of the advisor, (5) understanding the tempera-
ment of the advisor, (6) personal will or self-motiva-
tion to finish, and (7) actively seeking support.
Bancroft, Benson, and Johnson suggest that with
examinations of sociocultural inequalities in grad-
uate programs researchers can highlight gender and
racial disparities, as well as, “‘challenge and encou-
rage administrators and policymakers to create
STEM graduate environments free of oppression”
[21, p. 15]. Squires [22] concluded with calls for
policymakers to fund and incentivize recommenda-
tions made by countless others to increase repre-
sentation. She calls for institutions to ensure
welcoming learning environments in doctoral pro-
grams for African American women. Squires
recommends that future problems and solutions
are centered around institutions and not the stu-
dents. For example, Squires suggests that institu-
tions can begin to ‘“‘understand how [African
American women] navigate doctoral degree com-
pletion in STEM disciplines by intentionally
becoming culturally competent of the experiences
of [African American women]”’ [22, p. 139] as
opposed to putting the responsibility solely on the

students to figure out how to cope in a non-
conducive environment. African American women
in STEM doctoral programs are encouraged to take
it upon themselves to seek help. Lastly, summer
bridge programs are suggested to help case the
transition to doctoral programs; and STEM doc-
toral programs are called to make just as much of an
effort to accommodate underrepresented minority
students as they do international students.

4.4 Synthesis Across Themes

After looking across the insights in each theme, we
identified factors that both positively and nega-
tively influenced the educational experience and
outcomes of African American graduate students
in engineering and computer science. Major bar-
riers and persistence factors stemmed from three
major categories. The first category was the pre-
sence of support structures. Having support in
place from faculty, advisors, family, and peers
were reported as positive persistence factors [22,
27, 31], and the lack thereof negatively impacted the
graduate students’ experience [26-28].

The second most reported factor was race and/or
gender factors. For example, reports of heightened
gender and/or race awareness, unwelcoming envir-
onments, and lack of representation in peers and
faculty negatively impacted students’ experiences
[21, 27, 28, 30]. On the other hand, creating inclu-
sive environments and having diversity among
faculty and students were reported as factors sup-
porting persistence [24, 30].

The final category was related to the availability
of financial resources. Similar to the presence of
support structures, the presence of financial
resources was reported as a factor to promote
persistence [27, 30], while the lack of finances
negatively impacted student experiences [26, 27,
30].

The studies included in this SLR offer recom-
mendations for addressing this problem. More
specifically, these studies indicate attention needed
within graduate programs and the institutions in
which they are embedded, as well as early exposure
of STEM to young children. Most recommenda-
tions focus on the environmental conditions that, if
addressed, will aid African Americans in their pur-
suit of a doctoral degree. For example, numerous
authors recommended altering organizational cul-
ture and institutional support [22, 24, 28, 30], while
others also recommend that institutions utilize
information regarding mentoring and culturally
relevant pedagogical aspects of graduate programs
[24, 26, 27]. Others also suggest that early exposure
to STEM, research, and graduate school will aid in
awareness and foster more aspirations to pursue
graduate school earlier in life [26, 31].
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5. Implications for Future Studies

This discussion includes six assertions and is orga-
nized into two major sections. The first major
section discusses the implications and future direc-
tions in light of framing the problem, including
ideas related to how studies are motivated, how
research questions are posed, and the lack of
literature on computer science. We then discuss
the implications and future directions associated
with studying the problem, including ideas asso-
ciated with theoretical frameworks used to guide
data collection and analysis, methods, and partici-
pant selection. We use a critical lens within each
section to make suggestions for future work.

5.1 Implications for Framing the Problem

5.1.1 There is a need for more Expanded
Motivations for Engaging in this Work

Regardless of the research topic, researchers typi-
cally motivated these studies with the argument of
global competitiveness and global security, as well
as a need to understand how to make graduate
education work for a growing diverse population
that is currently underrepresented in engineering
and computer science. Most authors used a combi-
nation of various arguments to motivate a study.
The majority of the documents contained the eco-
nomic argument at some point in the motivation for
the study to follow [21, 22, 24-26, 28-31]. The next
most popular motivator was the projected minor-
ity-majority future argument [21, 25, 26]. A smaller
portion of articles was motivated by a response to
the decline in the number of African American
doctoral degrees [23], underrepresentation being
an educational concern [27], and a need for more
literature that also considers those who persist in
graduate studies as opposed to only considering
barriers to participation [31].

How the problem is framed is important because
the ways in which researchers motivate their work
has implications for how they conceptualize the
problem as well as what they consider success or
progress. Some motivations are inherently focused
on progress from the perspective of institutions and
industry, whereas others are focused on progress
from the perspective of people. There is a need for
scholarship that has these motivations in mind and
can even combine them as seen in other diversity
works [51].

5.1.2 There is a need for a Wider Variety of Topics
being Investigated

Upon further analysis, a huge gap in the literature
emerged from the perspective of questions, meth-
ods, and theories used to investigate broadening

participation efforts at the graduate level. Results
showed that investigators focused their studies
around the following: perceptions of programs
through the lens of race and gender, factors affect-
ing the pursuit of and persistence in graduate
school, and student identities. There are a host of
topics that can provide insight, such as: prepared-
ness for future careers, career choices, advisor-
student interactions, graduate education curricu-
lum, teaching practices in graduate education, and
effectively engaging in the dissertation process.
These topics are all likely unique in the context of
engineering and computer science and are influ-
enced by race, and thus are important for under-
standing participation at the graduate level.

While the production of more scholarship is vital,
we must also caution researchers on their approach
to the studies they design. For example, designing
studies to build profiles for students who are likely
to go to graduate school and those that do not could
turn out to do more harm than good, despite
researchers’ best intentions. For example, this
kind of perspective can limit the number of students
that even consider graduate school as an option
and/or project a position that the student is the
problem — as opposed to problems in structures that
have historically/systematically excluded African
Americans from accessing higher education in this
country [28].

5.1.3 There is a need for more Emphasis on
Graduate Students in Computing

Among our articles, we identified a lack of focus on
and consideration for CS students. The search
terms used in this study included computer science
and computing. Although computer science parti-
cipants were included in some of the sample groups,
there were no studies that focused specifically on
graduate students in computer science or scoped
their analysis in a way that would lead to findings
specifically for this group. Unfortunately, this is a
common trend found in the literature, regardless of
which segment of the education-to-workforce path-
way is of interest [52]. This is one of the largest gaps
in the literature that was identified through this
SLR and represents the area of the greatest poten-
tial for advancing our understanding of the experi-
ences of underrepresented groups in engineering
and CS.

5.2 Implications for Studying the Problem

5.2.1 There is a need for the use of Different
Lenses to Study the Problem

Theoretical frameworks used in these studies were
primarily positioned from a socialization or critical
lens. Doing so highlighted the impact of the envir-
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onment on student performance and perceptions
and brought attention to some of the problematic
areas in the learning environment or education
system. Crumpton-Young and colleagues [27] did
not use a theoretical framework; however, the
paper was positioned as exploratory in nature.
Among other frameworks used were those relating
to decision making, student identity, and student
persistence. Moving forward, scholars should con-
sider using a variety of other frameworks outside of
these common ones.

Frameworks provide a lens for viewing the same
social phenomenon from multiple perspectives.
Social phenomena include a plethora of complex
interactions amongst aspects of interest, including
individuals and artifacts. There is no single theore-
tical framework that can explain these interrela-
tionships. They simply use different tools and
methods to explain a phenomenon in various
ways [53].

5.2.2 There is Room for the use of Diverse
Methods and follow-up Studies that Investigate
Impact

Scholars typically use qualitative methods to inves-
tigate questions about broadening participation in
engineering and computer science for graduate
students. They relied heavily on tools such as inter-
views and focus groups to obtain data on students.
Although these are valid and valuable methods of
inquiry, there are only certain types of questions
that these methods can adequately answer.

Although heavily qualitative, each of our three
topic areas contains articles with both qualitative
and quantitative methods. Scholars are exhibiting
an understanding that there is more than one way to
approach and understand a problem and it is
reflected in their methodological choices. Two of
the 11 utilized secondary analysis as a means to
abstract data [23, 28]. Even though different scho-
lars used different methods, none of the scholars
used a mixed-methods design to investigate their
purpose. This would allow researchers to study
both qualitative and quantitative-focused questions
in a single study and generate insights that provide a
more comprehensive solution to a research problem
[54].

Lastly, our recommendation for future work is to
invest in more long-term student-centered studies.
Implementing follow-up studies to determine the
impact of support programs on student pursuit and
persistence is one place to start. Capturing a stu-
dent’s intent to pursue an advanced degree at the
end of an intervention can be valuable if the
purpose is to prove that a program makes students
consider a graduate degree, however, it does not
prove that a program is successful at preparing

more African Americans for graduate studies.
Longitudinal studies are needed to support this
claim. Additionally, trends in the engineering edu-
cation literature more broadly indicate an increase
in scholars seeking to understand impact beyond
retention [57]. It would be insightful to understand
the degree to which graduate school aided gradu-
ates in obtaining the success they hoped graduate
school would prepare them for. This can inform
how we market graduate school and/or inform
professional development for current students.

5.2.3 There is a need for Larger and more
Intentional Samples

All studies contained participants who identified as
Black or African American. Studies including other
underrepresented minorities (e.g., Hispanic/Latino,
African American/Black, American Indian, Pacific
Islander) were often using big data sets. Some
studies also disclosed that their participants were
also from low socioeconomic status or first-genera-
tion backgrounds [21, 23, 24]. Most studies focused
on students enrolled or planning to pursue a doc-
toral degree; master’s students were usually only
included if they expressed a plan to pursue a PhD in
the future. Progress toward degree completion is
slow at both levels, so it is unclear as to why these
studies have chosen to emphasize one over the other.
Masters and PhDs serve different purposes, each
context and experience is unique (timeline, classes in
each) therefore, we cannot assume that if we know
more about one that we fully understand the other.
The dearth of scholarship focused on either type of
graduate student warrants more research.

Of 11 studies, only two focused specifically on the
experiences of African American women [22, 29]
and none focused on African American men. The
remaining studies may have presented findings that
were specific to the women or men of color in the
study, though it was uncommon. In fact, some
studies did not disclose their participant’s gender
at all. While this SLR was underway, scholarship by
Burt, Williams, and Smith [20] has since been
published highlighting factors that pose a threat
to the persistence of Black men in engineering. They
bring attention to ‘“‘structurally racialized policies
within the engineering college (e.g., admissions) and
racialized and gendered interactions with peers and
advisors™ [20, p. 1] as experienced by the partici-
pants. African American men and women are not
monolithic, but their experiences are typically dif-
ferent from the majority, and each other, and thus
deserve separate consideration in future scholar-
ship.

Even with searching specifically for graduate-
level focused research, many of the results included
in the SLR still included undergraduate partici-
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pants. The literature suggests that even when we do
think about the graduate education level, we are
still thinking about undergraduates. Undergradu-
ates were used to understand the factors that
influenced student pursuit of graduate school [25],
understand the characteristics of students likely to
pursue graduate school [23], and understanding the
influence of summer intervention programs on
student pursuit of graduate school [29]. We suggest
that future scholarship on graduate education
include the voices of graduate students, not only
prospective graduate students (i.e., undergradu-
ates).

The studies included participants from a wide
variety of institution types — namely, PWIs,
HBCUs, and HSIs. Few studies recruited partici-
pants from all three types of institutions in one
study. Seeing a wide representation of institutional
types represented among the participants is some-
thing that should be celebrated and should continue
in future scholarship.

Similarly, participants were recruited from a wide
range of engineering disciplines. This was also good
to see; but also has a limitation. Existing literature
talks about the differences in subcultures among
engineering disciplines [55]. This reality speaks to
the need for more scholarship that also takes an in-
depth look at underrepresented groups within a
discipline.

6. Conclusion

If researchers want to broaden participation, atten-
tion must be given to every segment of the STEM
pathway. This study brings attention to scholarship
focused on the barriers to participation and persis-
tence factors experienced by African Americans
pursuing graduate degrees in engineering and com-
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