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Trends in broadening participation of African Americans in engineering and computer science have 
QRW�VLJQL¿FDQWO\�LPSURYHG�GHVSLWH�VLJQL¿FDQW�LQYHVWPHQWV�DQG�HIIRUWV�RI�HGXFDWRUV��SUDFWLWLRQHUV��UH-
VHDUFKHUV��DQG�SROLF\PDNHUV��*LYHQ�WKH�ODFN�RI�SURJUHVV��LW�LV�LPSHUDWLYH�IRU�WKH�¿HOG�RI�HQJLQHHULQJ�
HGXFDWLRQ�WR�V\QWKHVL]H�DQG�XVH�LQVLJKWV�IURP�H[LVWLQJ�OLWHUDWXUH�WR�UHDGMXVW�LWV�VWUDWHJ\�IRU�DGGUHVVLQJ�
WKLV�SHUVLVWHQW�SUREOHP��8QIRUWXQDWHO\��WKH�ZRUN�WKDW�KDV�EHHQ�GRQH�LQ�WKLV�DUHD�LV�IUDJPHQWHG�LQ�GLVSD-
UDWH�ERGLHV�RI�OLWHUDWXUH��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�GHVFULEH�WKH�ODQGVFDSH�RI�H[LVWLQJ�VFKRODUVKLS�
JHUPDQH�WR�EURDGHQLQJ�SDUWLFLSDWLRQ�LQ�HQJLQHHULQJ�DQG�FRPSXWHU�VFLHQFH��SDUWLFXODUO\�DV�LW�UHODWHV�WR�
$IULFDQ�$PHULFDQV��7KH�JXLGLQJ�UHVHDUFK�TXHVWLRQ�LV��:KDW�DUH�WKH�VDOLHQW�FKDUDFWHULVWLFV�RI�OLWHUDWXUH�
RQ�EURDGHQLQJ�WKH�SDUWLFLSDWLRQ�RI�$IULFDQ�$PHULFDQV�LQ�HQJLQHHULQJ�DQG�FRPSXWHU�VFLHQFH"�8VLQJ�
D�V\VWHPDWLF�PDSSLQJ�PHWKRGRORJ\��ZH�LGHQWL¿HG�DQG�VFUHHQHG������VFKRODUVKLS�UHFRUGV��:H�FDWHJR-
UL]HG�DQG�WDEXODWHG�WKH�����WKDW�PHW�RXU�HOLJLELOLW\�FULWHULD�DIWHU�H[WUDFWLQJ�GDWD�RQ�SXEOLFDWLRQ�\HDU��
SXEOLFDWLRQ�W\SH��SRSXODWLRQ�UDFH��SRSXODWLRQ�JHQGHU��VHJPHQW��VWXG\�W\SH��DQG�PHWKRGV��2XU�UHVXOWV�
UHYHDOHG�QXPHURXV�WUHQGV�LQ�WKLV�VFKRODUVKLS��GHDOLQJ�ZLWK�ERWK�WKH�IRFXV�RI�WKH�VFKRODUVKLS�DV�ZHOO�
DV�WKH�PDQQHU�LQ�ZKLFK�LW�KDV�EHHQ�SURGXFHG��$V�VWDNHKROGHUV�FRQWLQXH�ZRUNLQJ�WRZDUGV�EURDGHQLQJ�
SDUWLFLSDWLRQ�RI�$IULFDQ�$PHULFDQV��ZH�KRSH�WKDW�WKLV�PDSSLQJ�UHYLHZ�QRW�RQO\�UDLVHV�DZDUHQHVV�RI�WKH�
FXUUHQW�VWDWH�RI�HIIRUWV�GHGLFDWHG�WR�HDFK�VHJPHQW�RI�WKH�.����WR�ZRUNIRUFH�SDWKZD\��EXW�DOVR�LOOXPL-
QDWHV�JDSV�LQ�WKH�OLWHUDWXUH�\HW�WR�EH�¿OOHG��

KEY WORDS: systematic map, broadening participation, scholarship trends, 

African Americans

1. INTRODUCTION

³7KH�SRWHQWLDO�IRU�ORVLQJ�VWXGHQWV�DORQJ�DOO�VHJPHQWV�RI�WKH�SDWKZD\�IURP�SUH-
VFKRRO� WKURXJK� JUDGXDWH� VFKRRO� QHFHVVLWDWHV� D� FRPSUHKHQVLYH� DSSURDFK� WKDW�
IRFXVHV�RQ�DOO�VHJPHQWV�RI�WKH�SDWKZD\V��DOO�VWDNHKROGHUV��DQG�WKH�SRWHQWLDO�RI�
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DOO�SURJUDPV��WDUJHWHG�DQG�QRQ�WDUJHWHG´�(National Academy of Sciences, Na-
tional Academy of Engineering, and Institute of Medicine, 2011, p. 144).

According to the United States (U.S.) Census Bureau, people who identify as His-
panic or African American will account for 28.6% and 14.3% of the U.S., respectively, 
by the year 2060 (Colby and Ortman, 2015). As the demographics continue to shift and 
the importance of the technical workforce grows, one can anticipate that national calls 
for broadening participation of underrepresented racial and ethnic groups in engineer-
ing and computer science (e.g., Alaska Natives, Native Americans, African Americans, 
Hispanics, and Native Hawaiians) will continue to swell. Despite Asian Americans, His-
SDQLF�$PHULFDQV��DQG�$IULFDQ�$PHULFDQV�FROOHFWLYHO\�UHSUHVHQWLQJ�D�VLJQL¿FDQW�SRUWLRQ�
of the U.S. population, students of color account for a relatively small portion of the 
bachelor’s degrees awarded in engineering. Consequently, tapping into the talents of 
underrepresented ethnic/racial groups is a commonly cited way to meet the changing 
needs of a global economy (National Academy of Sciences, National Academy of Engi-
neering, & Institute of Medicine, 2007, 2011). 

To date, efforts to broaden participation of underrepresented racial and ethnic groups 
LQ�WHFKQLFDO�¿HOGV�WHQG�WR�UHVSRQG�WR�WKLV�QDWLRQDO�SUREOHP�ZLWK�ORFDO�VROXWLRQV��0RUHRYHU��
most research studies focused on this issue investigate localized problems instead of ex-
ploring the extent of the problem(s) across each major segment of the pathway from K-12 
WR� WKH�ZRUNIRUFH��7KRXJK�YDOXDEOH�� VXFK�HIIRUWV� DUH� LQVXI¿FLHQW�� DV� ORFDO�� LQFUHPHQWDO�
SURJUHVV�KDV�QRW�OHG�WR�WKH�ZLGH�VFDOH�LPSURYHPHQWV�WKH�¿HOG�ZRXOG�OLNH�WR�UHDOL]H��*LYHQ�
WKH�ODFN�RI�SURJUHVV�WKH�¿HOG�RI�HQJLQHHULQJ�KDV�UHDOL]HG�WKXV�IDU²DQG�WKH�DPRXQW�RI�WLPH�
LW�WDNHV�WR�UHDOL]H�QDWLRQDO�OHYHO�HIIHFWV�RI�HIIRUWV�DQG�LQYHVWPHQWV²QRZ�LV�WKH�RSSRUWXQH�
WLPH�IRU�WKH�¿HOG�RI�HQJLQHHULQJ�HGXFDWLRQ�WR�UHDGMXVW�LWV�VWUDWHJ\�IRU�DGGUHVVLQJ�WKLV�SHU-
sistent problem. Herein we focus on one aspect of this strategy, education research. 

According to the Research Agenda for the New Discipline of Engineering Educa-
tion (Adams et al., 2006a), engineering education researchers argued that “V\VWHPDWLF�
research of how we educate engineers must be the path by which we transition from epi-
sodic cycles of educational reforms and move to long-lasting improvements in our edu-
cation systems” (p. 259, emphasis added). Unfortunately, the work that has been done 
in this area is fragmented, in disparate bodies of literature, and yet to be synthesized. 
Because of this, we argue that there is a need to take a step back and reexamine what has 
been done in terms of research and practice as part of developing a transformative and 
holistic strategy for moving forward, while acknowledging that the efforts documented 
in scholarship are limited and represent only a subset of attempts to address a number of 
complex and interrelated factors that contribute to the lack of progress.

1.1 Purpose of This Study

The purpose of the current study is to produce a systematic map of scholarship on broad-
ening the participation of African Americans in engineering and computer science. A sys-
tematic map “categorizes existing literature from which to commission further research 
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DQG�RU�SULPDU\� UHVHDUFK�E\� LGHQWLI\LQJ�JDSV� LQ� UHVHDUFK� OLWHUDWXUH´� �*UDQW� DQG�%RRWK��
2009, p. 94). The results of a mapping characterize literature on a particular topic by 
documenting trends surrounding features of study designs. Accordingly, this methodol-
ogy is most useful when the scope of scholarship in an area is unknown, which is the case 
here. To this end, our inquiry is guided by the following overarching research question: 
:KDW�DUH�WKH�VDOLHQW�FKDUDFWHULVWLFV�RI�OLWHUDWXUH��HPSLULFDO�RU�RWKHUZLVH��RQ�EURDGHQLQJ�
the participation of African Americans in engineering and computer science?

7KH� OLWHUDWXUH�PDS�SUHVHQWHG� LQ� WKLV�SDSHU�XQL¿HV�FXUUHQW� OLWHUDWXUH�RQ� WKLV� WRSLF��
VHUYLQJ�DV�WKH�EDVLV�IRU�IUDPLQJ�NH\�LVVXHV�DQG�SRVLQJ�VLJQL¿FDQW�TXHVWLRQV�DURXQG�WKH�
development of a diverse engineering and computer science workforce. Such an inves-
tigation will facilitate streamlining, aligning, and coordinating future research efforts on 
increasing African American participation in engineering and computer science through-
RXW�WKH�8�6��2XU�¿QGLQJV�LQFOXGH�D�GDWDEDVH�RI�ELEOLRJUDSKLF�GHWDLOV�DERXW�VFKRODUVKLS�
RQ�WKLV�WRSLF��D�FODVVL¿FDWLRQ�RI�ZRUN�WKDW�GDWHV�EDFN�WR�������DQG�UHFRPPHQGDWLRQV�IRU�
IXWXUH�UHVHDUFK��7KLV�V\VWHPDWLF�PDSSLQJ�LV�WKH�¿UVW�RI�LWV�NLQG�RQ�WKLV�WRSLF�DQG�LV�RQH�
of many steps in an ongoing effort to propose a national solution to a national problem. 

1.2 An Emphasis on African Americans

In this study, we focus on issues of broadening participation by investigating elements 
of the research-to-practice cycle, with particular emphasis on African Americans in 
engineering and computer science. Focusing on this group provides an opportunity to 
advance our understanding of the impedances to broader participation, in general. We 
EHOLHYH�WKDW�IRFXVLQJ�RQ�$IULFDQ�$PHULFDQV�LV�PRVW�RSSRUWXQH²ZKHQ�FRQVLGHULQJ�WKH�
WKUHH� ODUJHVW�PLQRULW\� JURXSV²IRU� UHDOL]LQJ� SURJUHVV� LQ� EURDGHQLQJ� SDUWLFLSDWLRQ� IRU�
three reasons. First, Asian Americans are not considered underrepresented in engineer-
ing degree attainment (Su, 2010) and thus, are not typically included in the discussion 
on broadening participation. Second, though Hispanic Americans are considered under-
represented, there has been an increase in the percentage of students who identify as 
Hispanic earning engineering bachelor’s degrees over the last decade. For example, 
according to the American Society of Engineering Education (ASEE), Hispanics ac-
counted for 5.8% of bachelor’s degrees awarded by engineering disciplines in 2000 and 
������LQ�������*LEERQV��������<RGHU���������WKLV�WUHQG�LV�HQFRXUDJLQJ�DQG�OHDGV�XV�WR�
RXU�WKLUG�UHDVRQ��7KH�¿HOG�RI�HQJLQHHULQJ�KDV�VHHQ�D�GHFOLQH�LQ�WKH�SHUFHQWDJH�IRU�$IULFDQ�
Americans earning bachelor’s degrees, accounting for 5.6% of bachelor’s degrees in 
������*LEERQV���������DQG�RQO\������LQ�������<RGHU��������$QGHUVRQ�HW�DO����������WKLV�
trend illustrates how imperative it is to make a concerted effort, sooner rather than later, 
to broaden the participation of African Americans. 

1.3 Inclusion of Computer Science 

)RFXVLQJ�RQ�FRPSXWHU�VFLHQFH�LQ�DGGLWLRQ�WR�HQJLQHHULQJ�LV�EHQH¿FLDO�EHFDXVH�WKHUH�DUH�
VLPLODULWLHV�DQG�GLVWLQFWLRQV�EHWZHHQ�WKH�WZR�¿HOGV�WKDW�VKRXOG�EH�QRWHG�DV�LW�UHODWHV�WR�
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broadening participation. Regarding similarities, computer science is often housed in 
engineering colleges. In fact, computer science accounted for the second-largest number 
of degrees (over 15,000) awarded by engineering colleges across the U.S. in 2016–2017 
�<RGHU���������DQG�WKHUH�LV�VLJQL¿FDQW�RYHUODS�EHWZHHQ�WKH�VNLOOV�HPSKDVL]HG�LQ�FRP-
puter science and some of the largest engineering disciplines, evidenced by curricular 
similarities in programs. Computer science also shares in the disparity of underrepre-
VHQWHG�HWKQLF�DQG�UDFLDO�JURXSV��VLPLODUO\�FDOOLQJ�IRU�GLYHUVL¿FDWLRQ��&RQVHTXHQWO\��WKH�
LQWHUHVW�RI�WKH�¿HOGV�DV�ZHOO�DV�SDWKZD\V�DQG�HGXFDWLRQ�WKDW�OHDG�VWXGHQWV�WR�WKHVH�SURIHV-
sions are fairly similar. 

While there are similarities between the two disciplines, the lines between them 
are not always clear and it is important to acknowledge that there are also notable dif-
ferences. Computer science is recognized as a unique discipline according to the Na-
tional Science Foundation’s (NSF) science, technology, engineering, and mathematics 
�67(0��FODVVL¿FDWLRQ�V\VWHP�DQG�LV�RIWHQ�YLHZHG�DV�D�GLVWLQFW�¿HOG�WKDW�UHTXLUHV�VRPH�
skills that are distinct from engineering. In light of this, highlighting computer science in 
this study provides an opportunity to advance our understanding of where these similari-
ties and differences lie with regard to broadening participation.

2. CONCEPTUAL FRAMEWORK

Among the numerous calls for broadening participation in engineering, many empha-
size the role that research has in achieving change, and literature includes examples of 
efforts that focus on broadening participation from both research and practice perspec-
WLYHV��'LGLRQ�HW�DO����������+RZHYHU��GHVSLWH� WKH�¿HOG�PDNLQJ�VRPH�SURJUHVV��VHYHUDO�
publications comment on the disconnect between research and practice in engineering 
education broadly, and offer suggestions regarding what should be done to bridge the 
JDS� �%RUUHJR� HW� DO��� ������ )HOGHU� DQG�+DGJUDIW�� ������/RQGRQ�� �������1RWDEO\�� LQ� D�
report commissioned by the American Society for Engineering Education (ASEE), Ja-
PLHVRQ�DQG�/RKPDQQ��������DUWLFXODWHG�WKH�LQWHUUHODWLRQVKLSV�EHWZHHQ�ZKDW needs to be 
changed in engineering education, KRZ to drive change in this context, and ZKR should 
drive change. In doing so, they proposed a model of systematic engineering education 
innovation, which is based on a continual cycle of research and practice and adapted 
from The Craft of Research (Booth et al., 2008)� 

7KH�SURSRVHG�PRGHO�VXJJHVWV�WKDW�HGXFDWLRQDO�SUDFWLFH�VKRXOG�IDFLOLWDWH�WKH�LGHQWL¿-
cation of questions to be addressed by educational research, resulting in research-based 
LQVLJKWV�WKDW�FDQ�LPSURYH�VDLG�HGXFDWLRQDO�SUDFWLFH��$FFRUGLQJ�WR�-DPLHVRQ�DQG�/RKP-
ann, if adopted, such a cycle would “both continually advance the body of knowledge on 
engineering learning and result in the implementation of more effective and replicable 
educational innovations, with the end result being better-educated students” (Jamieson 
DQG�/RKPDQQ��������S������7KLV�IUDPHZRUN�VHUYHV�DV�WKH�OHQV�IRU�RXU�VWXG\�EHFDXVH�LW�
summarizes what VKRXOG�be happening as it relates to the connection between research 
and practice in this area. However, a central premise of this investigation is that the lack 
of progress as it relates to broadening participation suggests that there is either (1) a 

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

JWM-27889.indd               202                                           Manila Typesetting Company                                           07/02/2020          11:42AM



Volume 26, Issue 3, 2020

Systematic Mapping of Scholarship on Broadening Participation 203

breakdown in the research-to-practice cycle, or (2) it does not operate in the same way 
across research areas. In either case, the efforts of engineering education researchers and 
practitioners have proved ineffective in solving this problem. 

By framing the current study with this conceptual lens, we are examining both edu-
cational research and practice in this space as it relates to literature (e.g., published 
research, evaluations, and program overviews), illuminating the current relationship 
between the two. Furthermore, employing this lens helps ensure that we are asking the 
right questions throughout the study, and assists in ensuring that the proposed solutions 
are situated in the context of both research and practice. 

3. METHODS

To address our purpose, we categorized existing literature using the systematic mapping 
methodology. A systematic map is a categorization of existing literature that is useful 
IRU� LGHQWLI\LQJ�JDSV�DQG�SURYLGLQJ�D�EDVLV� IRU� FRPPLVVLRQLQJ� IXUWKHU� UHYLHZV� �*UDQW�
and Booth, 2009). While the more familiar methods of systematic literature reviews 
�6/5��DUH�RIWHQ�FRQVLGHUHG�WKH�³JROG�VWDQGDUG´�IRU�V\QWKHVL]LQJ�HYLGHQFH�RQ�D�WRSLF��DQG�
PRUH�FRPPRQO\�XVHG�LQ�HQJLQHHULQJ�HGXFDWLRQ�UHVHDUFK��%RUUHJR�HW�DO����������6/5V�
are not always feasible, because of time or other constraints, nor the most appropri-
DWH�PHWKRGRORJ\�IRU�V\QWKHVLV��GHSHQGLQJ�RQ�WKH�DLPV�RI�WKH�VWXG\��*UDQW�DQG�%RRWK��
2009). In particular, mapping the literature is most advantageous in instances where the 
VFRSH�RI�VFKRODUVKLS�LQ�DQ�DUHD�LV�XQNQRZQ��*LYHQ�WKH�FXUUHQW�VWDWH�RI�WKH�OLWHUDWXUH�RQ�
African American’s participation in engineering and computer science, we leveraged the 
systematic mapping methodology to identify and create a map of the existing relevant 
OLWHUDWXUH��%HFDXVH�V\VWHPDWLF�PDSV�DUH�QRW�FRPPRQO\�XVHG�LQ�WKH�¿HOG�RI�HQJLQHHULQJ�
education, we will describe the systematic mapping methodology and explain how it is 
GLIIHUHQW�WKDQ�D�6/5�LQ�WKH�IROORZLQJ�VHFWLRQ��:H�ZLOO�WKHQ�SURYLGH�DQ�RYHUYLHZ�RI�WKH�
steps we followed in this analysis. 

3.1 Systematic Literature Map vs. Systematic Literature Review

7KH�SURFHGXUHV�WKDW�JXLGHG�WKLV�V\VWHPDWLF�PDSSLQJ��&ODSWRQ�HW�DO���������-DPHV�HW�
DO��� ������ DUH� VLPLODU� WR� WKH� LQLWLDO� VWHSV� RI� WKH�PRUH� IDPLOLDU� 6/5� �3HWWLFUHZ� DQG�
Roberts, 2006). Regarding similarities, both methodologies involve a process of com-
bining multiple studies to produce a synthesis that addresses a question, following 
the same rigorous and transparent process for collecting evidence relevant to a par-
ticular topic as they strive to avoid the typical pitfalls associated with literature re-
views (e.g., reviewer and publication bias). Both reports can also include implications 
for policy, practice, and research. However, there are key differences between the 
methodologies that should be noted. According to James et al. (2016), these differ-
HQFHV�UHODWH�WR�WKH�����UHVHDUFK�REMHFWLYH�DQG�TXHVWLRQ�IRUPXODWLRQ������VHDUFK�VWUDWHJ\�
DQG�DUWLFOH�VFUHHQLQJ������GDWD�H[WUDFWLRQ�DQG�FULWLFDO�DSSUDLVDO��DQG�����V\QWKHVLV�DQG� 
reporting.
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)LUVW��ZKLOH�WKH�JRDO�RI�D�6/5�LV�WR�DQVZHU�TXHVWLRQV�ZLWK�D�TXDQWLWDWLYH�RU�TXDOLWD-
tive answer, a systematic mapping aims to describe the state of knowledge on a topic or 
IRU�D�TXHVWLRQ��$FFRUGLQJO\��ZKLOH�WKH�TXHVWLRQV�SRVHG�LQ�D�6/5�DUH�FORVHG�HQGHG��WKH�
research question guiding a systematic mapping can be either open-ended or closed-
HQGHG��1H[W��ZKLOH�WKH�HYLGHQFH�LQFOXGHG�LQ�D�6/5�LV�OLPLWHG�WR�SULPDU\�UHVHDUFK��WKHUH�
is no limitation on the type of evidence that can be included in a systematic mapping. 
Under these circumstances, while the full text of an article is required in order to extract 
UHOHYDQW�LQIRUPDWLRQ�GXULQJ�D�6/5��VWXGLHV�ZLWK�OLPLWHG�GDWD��H�J���WKH�DUWLFOH�DEVWUDFW��
PD\�EH�LQFOXGHG�LQ�D�V\VWHPDWLF�PDSSLQJ��7KLUG��ZKHQ�H[WUDFWLQJ�GDWD�DV�SDUW�RI�D�6/5��
a description of the study, its methods, and the results must be pulled out for inclusion 
LQ�WKH�UHSRUW��LQ�FRQWUDVW��WKH�UHVXOWV�RI�D�VWXG\�PD\�RU�PD\�QRW�EH�H[WUDFWHG�DV�SDUW�RI�
a systematic mapping. A critical appraisal of the study’s internal and external validity 
LV�VLPLODUO\�RSWLRQDO�IRU�V\VWHPDWLF�PDSSLQJV��ZKHUHDV�WKLV�VWHS�LV�UHTXLUHG�IRU�D�6/5��
/DVWO\��ZKHQ�UHSRUWLQJ�WKH�¿QGLQJV�RI�D�6/5��LW�LV�XVXDOO\�LQ�WKH�IRUP�RI�D�QDUUDWLYH�DQG�
qualitative or quantitative synthesis of the results. However, the results of a systematic 
mapping may instead be graphical or tabular, characterizing the literature based on key 
features. This difference enables a systematic mapping to describe and catalog the avail-
DEOH�HYLGHQFH�RQ�D�WRSLF��IDFLOLWDWLQJ�WKH�LGHQWL¿FDWLRQ�RI�FOXVWHUV�DQG�JDSV�LQ�NQRZOHGJH�

3.2 Stages of the Mapping Process

We present the stages associated with the mapping process employed herein using a trun-
FDWHG�YHUVLRQ�RI�WKH�ZLGHO\�DFFHSWHG�35,60$�ÀRZFKDUW��ZKLFK�DGKHUHV�WR�JXLGHOLQHV�
of the PRISMA checklist (PRISMA Checklist, 2009) (PRISMA stands for Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses). Figure 1 summarizes the 
quantity of records and the overall process of (1) identifying records, (2) screening them, 
and (3) extracting data from them for the purpose of synthesizing it. Each of these stages 
will be described in more detail in the next sections, as well as methods for (4) enhanc-
ing research quality, and (5) visualizing the data. For readers interested in learning more 
about the details of planning the systematic review, please see Phillips et al. (2017). 

FIG. 1: 35,60$�ÀRZFKDUW�IRU�V\VWHPDWLF�PDS
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����,GHQWL¿FDWLRQ

7KURXJK�D�VHULHV�RI�IRXU�KRXU�ORQJ�ZHHNO\�PHHWLQJV�DPRQJ�WKH�UHVHDUFK�WHDP²ZKLFK�
RIWHQ�LQFOXGHG�D�OLEUDULDQ²ZH�GHFLGHG�RQ�WKUHH�SLHFHV�RI�LQIRUPDWLRQ�WKDW�ZRXOG�VHUYH�
DV�WKH�EDVLV�IRU�WKH�LGHQWL¿FDWLRQ�RI�UHFRUGV������SXEOLFDWLRQ�GDWH�UDQJH������GDWDEDVH�VH-
lection, and (3) search string selection. The date range was informed by historical events 
associated with efforts to broaden participation of African Americans in engineering and 
computer science. We chose 1975 as the start date of the search because of the develop-
PHQW�RI�VHYHUDO�QDWLRQDO�LQLWLDWLYHV�IRFXVHG�RQ�WKLV�LVVXH�GXULQJ�WKH�����V��6SHFL¿FDOO\��
critical organizations such as the National Action Council for Minorities in Engineer-
ing, Inc. (NACME, established in 1974) and the National Society for Black Engineers 
(NSBE, established in 1975) emerged during this time. 

1H[W��ZH� VHOHFWHG� GDWDEDVHV� WR� LQFOXGH� LQ� WKH� VHDUFK� DQG� LGHQWL¿HG� VHDUFK� VWULQJV��
(Note: The data for this study were collected in January 2017). Table 1 includes a list of 
the databases and corresponding search strings. As part of validating the search strings, 
ZH�LGHQWL¿HG�³VHQWLQHO�DUWLFOHV´�WKDW�¿W�RXU�HOLJLELOLW\�FULWHULD�DQG�FRXOG�EH�XVHG�WR�SHUIRUP�
a preliminary check on whether the search results were yielding the types of articles we 
KRSHG�WR�¿QG��/HYHUDJLQJ�RXU�SURIHVVLRQDO�QHWZRUN�IRU�VXJJHVWLRQV��ZH�LGHQWL¿HG����VHQ-
WLQHO�DUWLFOHV��$OOHQ��������&KDQJ�HW�DO���������*RRJOH�DQG�*DOOXS��������/RQJ�HW�DO���������
0F*HH�DQG�0DUWLQ��������0RRUH�HW�DO���������5HLG�HW�DO���������5LFH�DQG�$OIUHG��������
5RELQVRQ�HW�DO���������7RPDVNR�HW�DO���������:HLQEHUJHU���������$GGLWLRQDO�GHWDLOV�RQ�KRZ�
WKH�OLEUDULDQ�UH¿QHG�WKH�VHDUFK�VWULQJV�LQ�D�ZD\�WKDW�PD[LPL]HG�WKH�QXPEHU�RI�VHQWLQHO�
articles in the search results are presented in a prior publication (Phillips et al., 2017).

Though each database in a web interface was searched individually, they are pre-
sented together in Table 1 because the search strategy within each interface was the 
same for both databases. To limit publication bias in this study, we relied on the librar-
ian’s 20 years of library science expertise to select databases that would provide a wide 
range of literature types (e.g., theses, journal articles, books, magazine articles, confer-
ence proceedings) and to perform the database searches. (It is worth noting that the li-
brarian involved in this study holds degrees in both engineering and library science, and 
is working on a terminal degree in engineering education. This combination of expertise 
ZDV�EHQH¿FLDO�IRU�PLQLPL]LQJ�ELDV�DQG�GHYHORSLQJ�D�ULJRURXV�VHDUFK�VWULQJ���7KH�VHOHF-
tion of search strings was informed by the librarian’s expertise, input from researchers 
in our professional network that conduct research related to this topic, and keywords 
in the (QJLQHHULQJ�(GXFDWLRQ�5HVHDUFK�7D[RQRP\ (Finelli et al., 2015). Terms in the 
taxonomy associated with the “Diversity” heading were particularly relevant (e.g., un-
derrepresentation, inclusivity). This process resulted in the retrieval of 1180 items that 
needed to be screened. 

3.4 Screening and Eligibility

We initiated screening by looking for duplicate publications. After removing 100 dupli-
cates, the abstracts of the remaining 1080 articles were analyzed to determine eligibil-
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ity for inclusion in the mapping. Analysis was completed using a codebook that was 
iteratively developed among the researchers. The codebook included a section on how 
to code an article as part of determining eligibility, and a section on how to code the 
descriptors of an eligible article. We describe the former in this section, and the latter in 
the 'DWD�([WUDFWLRQ�section.

To complete the initial round of screening, we used three hierarchical eligibil-
ity criteria, each of which was expressed in the form of a yes-no question: (1) Is the 
article written in English and about education or the STEM workforce in the United 
States? (2) Is the article focused on engineering or computer science in any context, 
or on STEM disciplines in K-12 context? (3) Is the article focused on issues or the 
experiences of Blacks or African Americans, or on some aspect of the wide variety of 

TABLE 1: Databases and corresponding search protocol
Database Name Search String Note
Education Source and 
PsycINFO
(EBSCOhost interface)

((bias OR discrimination OR 
multicultural* OR inclusive* OR racism 
OR prejudice) OR 
(motivation OR attainment OR 
achievement OR aspiration OR 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”))

6HDUFK�DOO�¿HOGV�IRU�
words used to include 
or exclude 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* 
25�UHWHQWLRQ��:1�$OO�¿HOGV��!�25���
((bias or discrimination or multicultural* 
or inclusive* or racism or prejudice) WN 
$OO�¿HOGV��!
AND
< ((((african ONEAR/2 american) WN 
.<��25���EODFN��:1�.<���25���SHRSOH�
1($5���FRORU��:1�.<���!
AND
< ((STEM OR engineer* OR “computer 
VFLHQFH´��:1�.<��!

Quick search, 
Autostemming off, 
6HDUFK�DOO�¿HOGV�
Search Subject/
Title/Abstract, 
Autostemming off.
Search Subject/
Title/Abstract, 
Autostemming off.
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WRSLFV�DVVRFLDWHG�ZLWK�EURDGHQLQJ�SDUWLFLSDWLRQ"�)LJXUH���LQFOXGHV�D�ÀRZFKDUW�LOOXV-
trating how the answer to each eligibility question was used to determine whether or 
not an article that was considered related to education or the STEM workforce was to 
be included in the systematic mapping. Table 2 includes example quotes from articles 
that were screened. 

At most, three coders reviewed an article during this stage of the process. As il-
OXVWUDWHG�LQ�)LJ�����LI�WKH�¿UVW�UHYLHZHU�FRGHG�³<HV´�IRU�DOO�WKUHH�HOLJLELOLW\�TXHVWLRQV��
it was automatically included in the systematic mapping. Similarly, if an article was 
coded with two “No” codes or was not about education or the STEM workforce, it was 
automatically excluded. In instances where only one eligibility question was answered 
“No,” a second reviewer was required. In instances where a second reviewer was re-
TXLUHG�DQG�WKH�¿UVW� WZR�FRGHUV�FRXOG�QRW�DJUHH�RQ�ZKLFK�FRGHV�VKRXOG�EH�DSSOLHG��D�
WKLUG�UHYLHZHU�ZDV�UHTXLUHG��,Q�WKHVH�LQVWDQFHV��WKH�WKLUG�UHYLHZHU�GHWHUPLQHG�WKH�¿QDO�
codes assigned to the article, serving as a tie breaker. During this phase of the study, 

FIG. 2: Flowchart depicting eligibility criteria

TABLE 2: Example quotes corresponding to eligibility criteria
Eligibility Criteria Quotes from Article Abstracts that Met Eligibility 

Criteria
Is the article about education or the 
STEM workforce in the US and 
written in English? 

• ³7KH�JRDO�RI� WKLV�SDQHO�VHVVLRQ� LV� WR�VKDUH� WKH�¿UVW-
hand experiences of African American women fac-
ulty in engineering” (Adams et al., 2006b, p. 1).

• “The article announces the election of 67 members 
at the U.S. National Academy of Engineering and no 
African Americans are among the electees” (“Blacks 
Appear to Be Shut Out in Election of New Members 
to the National Academy of Engineering Field in 
Breaking News on February 14, 2014,” 2014, p. 1).
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TABLE 2: (continued)
Eligibility Criteria Quotes from Article Abstracts that Met Eligibility 

Criteria
Does the article focus on STEM 
disciplines in the K-12 context, or 
engineering, or computer science in 
any context? 
Reviewers applied one of the 
following codes after reading 
the abstract, and identifying the 
sentence seemed like the purpose 
of the article. 
• CS: The abstract focused on 

computer science/IT/computing 
(in some form) only.

• (1*��7KH�DEVWUDFW�UHIHUV�WR�HQJL-
neering discipline(s). If the seg-
ment is K-12 or informal learning 
environments, but focuses solely 
RQ� (1*�� UHYLHZHUV� FRGHG� LW� DV�
(1*�

• STEM: The abstract focuses on 
(1) pre-college experiences or is-
VXHV� WKDW� FRUUHVSRQG� WR� 67(0��
or (2) mentions “science and en-
gineering,” but is not focused on 
the K-12 or informal learning en-
vironments.

CS:
• “The research presented in this paper used a mixed 

methods approach to understand the attitudes of Af-
rican American middle school girls toward computer 
VFLHQFH� DQG� LQYHVWLJDWHG� WKH� IDFWRUV� WKDW� LQÀXHQFH�
these attitudes” (Robinson et al., 2015, p. 1)

• “Needed is a better understanding of the background 
and psychosocial factors that attract, or repel, minor-
ity students from computing disciplines” (Buzzetto-
More et al., 2010, p. 115).

(1*�
• ³7KH�SXUSRVH�RI�WKLV�VWXG\�ZLOO�EH�WR�SUHVHQW�WKH�¿UVW�

phase of a long term study in the evaluation of pre-
ferred teaching styles and classroom techniques for 
African American engineering students” (Berry et al., 
2007, p. 1) 

• ³([DPLQHG�ZKHWKHU�WKHUH�DUH�VLJQL¿FDQW�UDFLDO�GLIIHU-
ences in measured personality characteristics for fe-
male engineering majors (17–40 yrs old) at an urban 
XQLYHUVLW\� DQG�ZKHWKHU� WKHUH� LV� D� GLVWLQFWLYH� SUR¿OH�
for this sample of women” (Brown, 1997, p. 1).

STEM
• “The objective of this research study was to inves-

tigate whether an association exists between teacher 
demographic factors (years of teaching experience 
DQG�JHQGHU�����HGXFDWLRQDO�IDFWRUV��FHUWL¿FDWLRQ�W\SH�
DQG� FHUWL¿FDWLRQ� SDWKZD\�� DQG� WKH� SHUFHQW� SDVVLQJ�
rate of tenth grade African American male students 
on the 2010 science TAKS” (Cottledge, 2014, p. 1). 

• “This technique represented an important improvement 
of traditional lecture format, encouraging the retention 
of African American and female students in science and 
engineering majors” (Buncick et al., 2001, p. 1237). 

Is the article focused on issues 
or the experiences of African 
Americans/Blacks, or on some 
aspect of the wide variety of 
topics associated with broadening 
participation (e.g., awareness, 
interest, recruitment, retention)?

• “The team seeks to develop a “research-oriented 
approach” designed to attract and retain a greater 
number of high-quality minority students in Science, 
Technology, Engineering, and Mathematics (STEM) 
disciplines” (Crosby et al., 2007, p. 1).

• ³5HSRUWV�RQ�WKH�ODXQFK�RI�WKH�LQLWLDWLYH�³/HDUQLQJ�&RP-
munities for Science, Technology, Engineering and 
Mathematics Academic Achievement” by the Howard 
8QLYHUVLW\�*UDGXDWH�6FKRRO�DQG�RWKHU�KLVWRULFDOO\�EODFN�
colleges and universities” (Jones, 2010, p. 4)

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

JWM-27889.indd               208                                           Manila Typesetting Company                                           07/02/2020          11:42AM



Volume 26, Issue 3, 2020

Systematic Mapping of Scholarship on Broadening Participation 209

the three coders met each week to discuss the articles that required a second opinion 
(In all instances, the third coder’s selections turned out to be the same as one of the two 
previous codes). 

In total, 470 out of 1180 (40%) articles met the eligibility criteria. See Table 3 for the 
complete list of eligible articles. After a cursory glance at the articles that were excluded, 
we were not surprised by this outcome because of the broad applicability of some key-
words. For example, the use of the keyword “black” led to the many search results about 
D�SOHWKRUD�RI�XQUHODWHG�WRSLFV��H�J���.XR��������/DQFH�HW�DO����������6LPLODU�RXWFRPHV�
occurred with many of the search results involving keywords that were generic (e.g., 
multicultural, bias), though relevant to this study. 

3.5 Research Quality and Data Extraction

Articles that met the eligibility criteria were subsequently coded using descriptive codes 
that were iteratively developed by the research team. Insights from literature on the key 
characteristics of a systematic mapping (James et al., 2016) and the purpose of the study 
informed the development of these codes. We drafted a set of codes and preliminary 
GH¿QLWLRQV�DIWHU�PXOWLSOH� URXQGV�RI� LQGXFWLYH�FRGLQJ��DSSOLHG� WR������Q� �����RI� WKH�
eligible articles, to determine which categories of information are typically associated 

TABLE 3:�/LVW�RI�a���DUWLFOHV�WKDW�PHW�HOLJLELOLW\�FULWHULD�DQG�LQFOXGHG�LQ�PDSSLQJ��$�FRPSOHWH�
list of articles included can be found in the supplementary material online.
Author Year Work Title Source
Adams et al. 2006a The Research Agenda for the New 

Discipline of Engineering Education
Journal of 
Engineering 
Education 

Adams et al. 2006b The Experiences of African 
American Women Engineering 
Faculty (Panel Presentation) 

Frontiers in Education 
36th Annual 
Conference

Ahn et al. 2014 ³,�:DQW�7R�%H�D�*DPH�'HVLJQHU�2U�
6FLHQWLVW´��&RQQHFWHG�/HDUQLQJ�DQG�
Developing Identities with Urban, 
$IULFDQ�$PHULFDQ�<RXWK

Proceedings of 
International 
Conference of the 
/HDUQLQJ�6FLHQFHV

Allen 1992 The Color of Success: African-
American College Student Outcomes 
at Predominantly White and 
Historically Black Public Colleges 
and Universities

Harvard Educational 
Review

Austin 2010 3HUFHLYHG�)DFWRUV�7KDW�,QÀXHQFH�
&DUHHU�'HFLVLRQ�6HOI�(I¿FDF\�DQG�
(QJLQHHULQJ�5HODWHG�*RDO�,QWHQWLRQV�
of African American High School 
Students

Career and Technical 
Education Research
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TABLE 3: (continued)
Author Year Work Title Source
Berry et al. 2007 A Survey of Teaching Styles and 

Classroom Techniques to Engage 
African-American Students in the 
Engineering Classroom

Proceedings of the 
American Society 
of Engineering 
Education Annual 
Conference and 
Exposition

2012 Black Degree Attainments in 
Engineering Field in Degree 
Attainments, Research & Studies, 
STEM Fields

Journal of Blacks in 
Higher Education

2014 Blacks Appear to be Shut Out in 
Election of New Members to the 
National Academy of Engineering 
Field in Breaking News

Journal of Black in 
Higher Education 

Black Issues in 
Higher Education 

2004 8*$�*UDGXDWH�6FKRRO�WR�)XQG�
Research on Completion Rates of 
Doctoral Students

Black Issues in Higher 
Education 

Booth et al. 2008 The Craft of Research, 3rd Edition University of 
Chicago

Booth et al. 2016 The Craft of Research, 4th Edition University of Chicago 
Press

Bowe 2012 Achievement Emotions As 
Predictors of High School Science 
Success Among African-American 
and European American  
Students

Humanities and Social 
Sciences

Bowman 2009 Studying Up, Down, Sideways and 
Through: Situated Research and 
Policy Networks

The Future 
of Sociology: 
Proceedings of the 
Annual Conference 
of the Australian 
Sociological 
Association

Brawner et al. 2010 :RUN�LQ�3URJUHVV²)OH[LELOLW\�DQG�
Career Opportunity As Motivation 
for Women Selecting Industrial 
Engineering Majors

IEEE Frontiers in 
Education Conference

Brown 1997 Description of Personality 
Similarities and Differences of a 
Sample of Black and White Female 
Engineering Students

Psychological Reports
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TABLE 3: (continued)
Buncick et al. 2001 Using Demonstrations as a 

Contextual Road Map: Enhancing 
Course Continuity and Promoting 
Active Engagement in Introductory 
College Physics

International Journal 
of Science Education

Buzzetto-More 
et al. 

2010 Unlocking the Barriers to Women 
and Minorities in Computer Science 
and Information Systems Studies: 
Results from a Multi-Methodical 
Study Conducted At Two Minority 
Serving Institutions 

Journal of Information 
Technology Education

Carr 2016 &ORVLQJ�WKH�6WHP�*DS�ZLWK�
Culturally and Cognitively 
Appropriate Cyber-Instruction in an 
$OO�*LUO�,QQHU�&LW\�&KDUWHU�6FKRRO�
Stem Program: A Case Study

The Sciences and 
Engineering

Chang et al. 2014 What Matters in College for 
Retaining Aspiring Scientists and 
Engineers from Underrepresented 
5DFLDO�*URXSV

Journal of Research in 
Science Teaching 

Clapton et al. 2009 6&,(�6\VWHPDWLF�0DSSLQJ�*XLGDQFH ²
Clark 1960 The “Cooling-Out” Function in 

Higher Education
The American Journal

Colby and 
Ortman

2015 Current Population Reports ²

Cottledge 2014 An Examination of the Association 
between Demographic and 
Educational Factors and African 
American Achievement in Science

Humanities and Social 
Science

Creswell and 
Creswell

2017 Research Design: Qualitative, 
Quantitative, and Mixed Methods 
Approaches

Sage Publications

Crosby et al. 2007 Tiered Mentoring in a Cross-
Disciplinary and Multi-Institutional 
Research Project

American Society 
for Engineering 
Education

Devore 2012 Probability and Statistics for 
Engineering and the Sciences (8th 
Ed.)

²

Didion et al. 2012 Colloquy On Minority Males in 
Science, Technology, Engineering, 
and Mathematics

²
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TABLE 3: (continued)
Author Year Work Title Source
Eccles and Jacobs 1986 Social Forces Shape Math Attitudes 

and Performance
Signs: Journal of 
Women in Culture and 
Society

Entwisle and 
Hayduk

1988 /DVWLQJ�(IIHFWV�RI�(OHPHQWDU\�6FKRRO Sociology of 
Education

Finelli et al. 2015 Development of a Taxonomy of 
Keywords for Engineering Education 
Research

Journal of Engineering 
Education

*LEERQV 2009 Engineering by the Numbers ²
*RRJOH�DQG�
*DOOXS

2016 'LYHUVLW\�*DSV�LQ�&RPSXWHU�6FLHQFH��
([SORULQJ�WKH�8QGHUUHSUHVHQWDWLRQ�RI�
*LUOV��%ODFNV��DQG�+LVSDQLFV

²

*UDQW�DQG�%RRWK 2009 A Typology of Reviews: An Analysis 
of 14 Review Types and Associated 
Methodologies

+HDOWK�,QIR�/LEUDU\

*XWPDQ�HW�DO� 2002 The Academic Achievement of 
African American Students during 
Early Adolescence: An Examination 
of Multiple Risk, Promotive, and 
Protective Factors

American Journal 
of Community 
Psychology

Hayes 2014 Understanding Him in STEM: 
Sharing the Stories of African 
American Male Scholars in 
Engineering Academic Programs At 
a Predominantly White University

Dissertation Abstracts 
International Section 
A: Humanities and 
Social Sciences

Hernandez et al. 2013 “Sustaining Optimal Motivation: a 
/RQJLWXGLQDO�$QDO\VLV�RI�,QWHUYHQWLRQV�
To Broaden Participation of 
Underrepresented Students in STEM”: 
Correction To Hernandez et al. (2013)

Journal of Educational 
Psychology

James et al. 2016 A Methodology for Systematic 
Mapping in Environmental Sciences 

Environmental 
Evidence

Jamieson and 
/RKPDQQ

2010 Creating a Culture for Scholarly and 
Systematic Innovation in Engineering 
Education: Ensuring U.S. Engineering 
Has the Right People with the Right 
7DOHQW�IRU�WKH�*OREDO�6RFLHW\

American Society 
for Engineering 
Education

Kuo 2009 Multi-Proxy Approach on Black Carbon 
Characterization and Combustion 
Products Source Discrimination in 
Environmental Media

Texas A & M 
University 
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TABLE 3: (continued)
/DQFH�HW�DO�� 2013 Opening the Black Box of Donor 

,QÀXHQFH�RQ�'LJLWDO�(DUWK�LQ� 
Africa

International Journal 
of Digital Earth

/DQGLV�DQG�.RFK 1977 The Measurement of Observer 
Agreement for Categorical Data

Biometrics

/H%UHWRQ�DQG�
Senter

2008 Answers to 20 Questions About 
Interrater Reliability and Interrater 
Agreement

Organizational 
Research Methods

/HQW�HW�DO� 2005 Social Cognitive Predictors of 
$FDGHPLF�,QWHUHVWV�DQG�*RDOV�LQ�
Engineering: Utility for Women 
and Students at Historically Black 
Universities

Journal of Counseling 
Psychology

/RQJ�HW�DO� 2015 Black Male “Buoyant Believers” 
in Engineering and Engineering-
Related Fields

²

Ma and Baum 2016 Trends in Community Colleges: 
Enrollment, Prices, Student Debt, 
and Completion

College Board 
Research Brief

0F*HH�DQG�
Martin

2011 ³<RX�:RXOG�1RW�%HOLHYH�:KDW�,�
+DYH�WR�*R�7KURXJK�WR�3URYH�0\�
Intellectual Value!” Stereotype 
Management Among Academically 
Successful Black Mathematics and 
Engineering Students

American Educational 
Research Journal

Miles and 
Huberman

2013 4XDOLWDWLYH�'DWD�$QDO\VLV Sage Publishing 

Moore et al. 2003 The Prove-Them-Wrong Syndrome: 
Voices from Unheard African-
American Males in Engineering 
Disciplines

The Journal of Men’s 
Studies

National 
Academy of 
Engineering

2014 6XUPRXQWLQJ�WKH�%DUULHUV��(WKQLF�
'LYHUVLW\�LQ�(QJLQHHULQJ�(GXFDWLRQ��
6XPPDU\�RI�D�:RUNVKRS

National Academies

National 
Academy 
of Sciences, 
National 
Academy of 
Engineering, 
and Institute of 
Medicine

2011 ([SDQGLQJ�8QGHUUHSUHVHQWHG�
0LQRULW\�3DUWLFLSDWLRQ��$PHULFD¶V�
6FLHQFH�DQG�7HFKQRORJ\�7DOHQW�$W�WKH�
Crossroads

National Academy of 
Engineering
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TABLE 3: (continued)
Author Year Work Title Source
National Academy 
of Sciences, 
National Academy 
of Engineering, 
& Institute of 
Medicine

2007 5LVLQJ�$ERYH�WKH�*DWKHULQJ�6WRUP��
(QHUJL]LQJ�DQG�(PSOR\LQJ�$PHULFD�
IRU�D�%ULJKWHU�(FRQRPLF�)XWXUH

National Academy 
of Sciences, 
National Academy 
of Engineering, & 
Institute of Medicine

National Academy 
of Sciences, 
National Academy 
of Engineering, 
& Institute of 
Medicine

2011 ([SDQGLQJ�8QGHUUHSUHVHQWHG�
0LQRULW\�3DUWLFLSDWLRQ��$PHULFD¶V�
6FLHQFH�DQG�7HFKQRORJ\�7DOHQW�$W�WKH�
Crossroads

National Academy 
of Sciences, 
National Academy 
of Engineering, & 
Institute of Medicine

National 
Research Council

2001 )URP�6FDUFLW\�7R�9LVLELOLW\��*HQGHU�
Differences in the Careers of 
'RFWRUDO�6FLHQWLVWV�DQG�(QJLQHHUV

National Research 
Council

National 
Research Council

2010 *HQGHU�'LIIHUHQFHV�$W�&ULWLFDO�
7UDQVLWLRQV�LQ�WKH�&DUHHUV�RI�6FLHQFH��
(QJLQHHULQJ��DQG�0DWKHPDWLFV�)DFXOW\

National Research 
Council

National 
Research Council

2011 ([SDQGLQJ�8QGHUUHSUHVHQWHG�
0LQRULW\�3DUWLFLSDWLRQ��$PHULFD¶V�
6FLHQFH�DQG�7HFKQRORJ\�7DOHQW�DW�WKH�
Crossroads

National Research 
Council

Noguera 2003 The Trouble with Black Boys: The 
5ROH�DQG�,QÀXHQFH�RI�(QYLURQPHQWDO�
and Cultural Factors on the 
Academic Performance of African 
American Males

Urban Education

Ohland et al. 2011 5DFH��*HQGHU��DQG�0HDVXUHV�RI�
Success in Engineering Education

Journal of 
Engineering 
Education

Oliveira 2010 Impacting Students’ Interest 
in Stem Fields: An Electronic 
Communication Course for K-12 
Underrepresented Students

American Society for 
Engineering Education. 
Electrical Engineering 
Technology Program, 
Michigan Technological 
University

Petticrew and 
Roberts

2006 6\VWHPDWLF�5HYLHZV�LQ�WKH�6RFLDO�
6FLHQFHV��$�3UDFWLFDO�*XLGH

Blackwell Publishing

Phillips et al. 2017 5HÀHFWLRQV�2Q�WKH�0HVVLQHVV�RI�
,QLWLDWLQJ�D�6\VWHPDWLF�/LWHUDWXUH�
Review On Broadening Participation 
in Engineering and Computer Science

Frontiers in Education 
Annual Conference 
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TABLE 3: (continued)
2009 Prisma Checklist www.prisma-

statement.org
Ramsey 2013 The Effect of the Advanced 

Placement Training and Incentive 
Program on Increasing Enrollment 
and Performance on Advanced 
Placement Science Exams

Humanities in Social 
Science 

Reid et al. 2016 Paving the Way: Institutional 
Interventions for Academic Excellence 
and Success in Engineering

²

Rice and Alfred 2014 Personal and Structural Elements 
of Support for African American 
Female Engineers

Journal of STEM 
Education Research

Ritchie et al. 2007 Transforming an Academy through 
the Enactment of Collective 
&XUULFXOXP�/HDGHUVKLS

Journal of Curriculum 
Studies

Robinson et al. 2015 Understanding the Attitudes of 
African American Middle School 
*LUOV�WRZDUG�&RPSXWHU�6FLHQFH

Institute of Electrical 
and Electronics 
Engineers Inc.

Robinson et al. 2016 Addressing Negative Racial and 
*HQGHUHG�([SHULHQFHV�7KDW�'LVFRXUDJH�
Academic Careers in Engineering

Computing in Science 
and Engineering

Smith and Paretti 2015 Understanding the Mentoring Needs of 
African American Female Engineering 
Students: A Phenomenographic 
Preliminary Analysis

American Society 
for Engineering 
Education

Stevens and 
Vinson

2016 Institutional Obstacles to 
Ethnographic Observation in 
Engineering Industry

American Society 
for Engineering 
Education

Su 2010 4XDQWL¿FDWLRQ�RI�'LYHUVLW\�LQ�
Engineering Higher Education in the 
United States

Journal of Women and 
Minorities in Science 
and Engineering

Suber 2003 Removing the Barriers to Research: 
An Introduction to Open Access for 
/LEUDULDQV

College & Research 
/LEUDULHV�1HZV

Terenzini et al. 2014 America’s Overlooked Engineers: 
Community Colleges and Diversity 
in Undergraduate Education

University of 
Michigan

Tinsley and 
Weiss

2000 Interrater Reliability and Agreement Handbook of Applied 
Multivariate Statistics 
and Mathematical 
Modeling
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with the corpus of articles. All coding was based on reviewing each article’s abstract and 
standard publication details (e.g., publication year).

$IWHU�VHWWOLQJ�RQ�D�WHQWDWLYH�VHW�RI�FRGHV�DQG�GH¿QLWLRQV��ZH�SHUIRUPHG�WZR�URXQGV�
of inter-rater reliability (IRR) testing to determine the extent to which the researchers 
FRQVLVWHQWO\�DSSOLHG�WKH�FRGHV�WR�WKH�VWXGLHV�EHLQJ�H[DPLQHG��'XULQJ�WKH�¿UVW�URXQG�RI�
IRR testing, we randomly selected 30 articles to review. Each researcher then indepen-
dently applied the tentative codes to the text, documenting instances when the codebook 
QHHGHG�PRUH�FODUL¿FDWLRQ��6XEVHTXHQWO\��WKH�WKUHH�FRGHUV�PHW�WR�GLVFXVV�GLVFUHSDQFLHV�
and to ultimately improve the codebook. Once the codebook was updated, we selected 
30 additional articles to review during the second round. Each researcher then indepen-
dently coded these articles using the revised codebook and noted where the codebook 
FRXOG�EHQH¿W�IURP�DGGLWLRQDO�FODUL¿FDWLRQ�RU�DQ�H[DPSOH��

7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�WKH�¿UVW�DQG�VHFRQG�URXQG�RI�,55�DQDO\VLV�ZDV�WKH�XVH�
of a quantitative measure to evaluate the extent of agreement among coders during the 
ODWWHU��:KLOH�WKHUH�DUH�PDQ\�PHDVXUHV�WKDW�FDQ�EH�XVHG�WR�HYDOXDWH�,55��/H%UHWRQ�DQG�
6HQWHU��������7LQVOH\�DQG�:HLVV���������ZH�XVHG�WKH�)1 score during round 2. Although 
traditional methods of evaluating IRR (e.g., Cohen’s Kappa, Fleiss’s Kappa, Krippen-
dorf’s Alpha, Scott’s Pi) address issues of chance and what to do if there are multiple rat-
ers, these methods are only useful for texts that belong to mutually exclusive categories 
as they do not account for instances when multiple codes may be assigned to the same 
WH[W²ZKLFK�LV�WKH�FDVH�LQ�WKLV�VWXG\��7\SLFDOO\��WKH�)1 score (Devore, 2012) is used in 
contexts where categories are not mutually exclusive. A F1 score is the harmonic mean 
between two data sets. 

Since the F1 score is not commonly used in engineering education research, the 
calculation for it will be explained. The IRR calculation for the F1 score is as follows: 
Assume there is a total of N article abstracts coded as part of the IRR analysis. For the 
i-th abstract: [1i UHSUHVHQWV�WKH�QXPEHU�RI�FRGHV�DVVLJQHG�WR�WKH�DEVWUDFW�E\�WKH�FRGHU�$��

TABLE 3: (continued)
Author Year Work Title Source
Tomasko et al. 2016 Association of Summer Bridge 

Program Outcomes with STEM 
Retention of Targeted Demographic 
*URXSV

Journal of College 
Science Teaching

Weinberger 2017 Engineering Educational Opportunity: 
Impacts of 1970s and 1980s Policies 
to Increase the Share of Black College 
*UDGXDWHV�ZLWK�0DMRU�LQ�(QJLQHHULQJ�
or Computer Science

National Bureau of 
Economic Research

<RGHU 2017 Engineering by the Numbers American Society 
for Engineering 
Education
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[2i GHQRWHV�WKH�QXPEHU�RI�FRGHV�DVVLJQHG�WR�WKH�DEVWUDFWV�E\�FRGHU�%��DQG�si represents 
WKH�QXPEHU�RI�FRGHV�WKDW�DUH�DJUHHG�XSRQ�EHWZHHQ�UHVHDUFKHUV�$�DQG�%��/HW�p1i = si /[1i, 
and p2i = si �[2i, then complete the following formula: 

 F  1
21 2

2
= ∗ ∗( )

+( )
N

p p

p p

i

i

Σ  (1)

As illustrated in the above equation, the F1 score equals 1 when the code assign-
PHQWV�EHWZHHQ�WKH�PXOWLSOH�FRGHUV¶�GDWD�VHWV�DUH�H[DFWO\�WKH�VDPH��FRQYHUVHO\��D�VFRUH�RI�
0 indicates no agreement. In this context, this measure represents the closeness of two 
sets of codes assigned to the same set of N abstracts by different researchers. Overall, we 
obtained a F1 score of 0.851 after testing the interrater reliability among all three coders 
for the articles reviewed after the codebook was developed. Although the calculations 
for generating this metric are different from the way IRR is usually calculated (e.g., 
Cohen’s Kappa), the way to interpret it is consistent with how kappa values are typi-
FDOO\�XQGHUVWRRG��$FFRUGLQJ�WR�/DQGLV�DQG�.RFK���������D�NDSSD�YDOXH�EHWZHHQ�����DQG�
1.0 can be interpreted as “Almost Perfect Agreement.” We deemed this an acceptable 
threshold for validating the codebook and coding the eligible articles for the purpose of 
creating a systematic map of the literature. Table 4 includes the list of codes and descrip-
tions. It also includes examples of texts from articles to which the codes were applied.

2QFH�WKH�FRGHERRN�ZDV�¿QDOL]HG�DQG�WKHUH�ZDV�FRQVLVWHQF\�DPRQJ�WKH�FRGHUV�UH-
garding how to apply the codes, the three reviewers evenly divided all 470 articles to as-
sign codes to each for the purpose of systematically mapping the literature. Each article 
ZDV�UDQGRPO\�DVVLJQHG�WR�D�FRGHU�DQG�LQGHSHQGHQWO\�FRGHG��WKHVH�FRGHV�ZHUH�VXEVH-
quently reviewed by a second coder, and a third coder when necessary. This is consistent 
with quality checks commonly associated with systematic literature reviews (Petticrew 
and Roberts, 2006). Any discrepancies about the assignment of the descriptive codes 
were discussed and resolved among the three coders during the weekly team meetings. 

3.6 Data Visualization

$IWHU� WKH� UHVHDUFK� WHDP�¿QLVKHG� FRGLQJ� WKH�����HOLJLEOH� DUWLFOHV��ZH�JHQHUDWHG�SLYRW�
tables, descriptive statistics, and other graphical representations to identify and sum-
PDUL]H�WUHQGV�LQ�WKH�GDWD��7KH�5HVXOW�DQG�'LVFXVVLRQ�VHFWLRQ�LQFOXGHV�WKH�¿QGLQJV�RI�WKH�
systematic mapping. Data visualization is a central step in the mapping process (Clapton 
HW�DO���������-DPHV�HW�DO���������DQG�RWKHU�DQDO\VLV�SURFHGXUHV��0LOHV�DQG�+XEHUPDQ��
2013).

3.7 Limitations

Before proceeding to the results sections, several limitations of the systematic map-
SLQJ�PHWKRGRORJ\��*UDQW�DQG�%RRWK��������VKRXOG�EH�QRWHG�E\�WKH�UHDGHU�WR�HQVXUH�
RXU�¿QGLQJV�DUH�LQWHUSUHWHG�DSSURSULDWHO\��)LUVW��WKH�PDSSLQJ�SURFHVV�IRFXVHG�VROHO\�
on abstracts or equivalent overviews, which include limited information and are not 
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always well-written. In instances where things were unclear, we did not probe or 
search the entire document for clarity. In times of ambiguity, we relied on a second 
opinion of other coders within the research team to ensure a consistent interpreta-
tion. Second, literature maps can oversimplify the picture or mask variations between 
VWXGLHV��GHSHQGLQJ�RQ�WKH�GHJUHH�RI�VSHFL¿FLW\�LQ�WKH�FRGLQJ�SURFHVV��,Q�GHYHORSLQJ�
WKH�FRGHERRN��RXU�UHVHDUFK�WHDP�PDGH�MXGJHPHQWV�ZLWK�UHJDUG�WR�VSHFL¿FLW\�WKDW�XQ-
doubtedly impacted our results. We similarly made choices about which databases to 
include. Third, the mapping process does not include all forms of quality checks that 
are commonly associated with systematic literature reviews (Petticrew and Roberts, 
2006). As a result, the methodology does not address research questions related to the 
quality of scholarship conducted in this area, merely the quantity. Said differently, the 
aim is simply on the quantity of scholarship based on various categorizations. When 
interpreting the information in the following section, the reader should remember that 
the resulting literature map is purely based on the article’s research design and not an 
in-depth synthesis across all articles. Despite these limitations, the systematic map-
ping revealed several insights in response to the overarching research question posed 
in the study.

3.8 Researchers’ Positionality

In addition to providing a description of the experience of data included in the review, we 
would also like to provide information about the positionality of ourselves as a research 
team. This information is important because our positions are the lenses through which 
ZH�DSSURDFKHG� WKLV�ZRUN��7KUHH�RXW� RI�¿YH�RI� WKH� DXWKRUV� DUH�$IULFDQ�$PHULFDQ� DQG�
faculty members in the same department of engineering education. For all three authors, 
their primary research interest is in engineering diversity, equity, and inclusion. The other 
two authors are White and/or Native American and conduct engineering education re-
search as part of their roles within other university settings. One of them has formal train-
ing in both library sciences and engineering education. Across all members of the team, 
we have worked in a variety of contexts: the university, K-12, government, and industry. 
As a result, we have experience with both research and practice.

4. RESULTS AND DISCUSSION: SYSTEMATIC MAP

We present the results of the analysis below with the aim of answering the larger re-
search question posed at the beginning of the study: :KDW�DUH�WKH�VDOLHQW�FKDUDFWHULVWLFV�
RI�OLWHUDWXUH��HPSLULFDO�RU�RWKHUZLVH��RQ�WKH�EURDGHQLQJ�SDUWLFLSDWLRQ�RI�$IULFDQ�$PHUL-
FDQV�LQ�HQJLQHHULQJ�RU�FRPSXWHU�VFLHQFH�VLQFH�����"�0RUH�VSHFL¿FDOO\��ZH�XVH�WUHQGV�
from each of the features coded (e.g., population race, gender) to identify noticeable 
gaps in literature and answer the following sub-questions:

1. Which demographics best represent the subjects of scholarship?
2. Which sectors of STEM pathways are investigated?
3. Which types of scholarship have been published over time?
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4. Which types of information have been produced? 
5. :KDW�DUH�WKH�PRVW�VDOLHQW�WUHQGV�UHJDUGLQJ�VFKRODUVKLS�IRFXVHG�VSHFL¿FDOO\�RQ�

African Americans, particularly research?

In the following sections, we address each sub-question, specifying which features 
were used to answer the question and highlighting important trends and patterns. Since 
systematic mappings help outline future directions for research, practice, and policy, we 
ZLOO�GLVFXVV�WKH�LPSOLFDWLRQV�RI�WKH�¿QGLQJV�LQ�WDQGHP�ZLWK�WKH�UHVXOWV��

4.1 Demographics: Population Race and Gender 

(IIRUWV�WR�EURDGHQ�SDUWLFLSDWLRQ�W\SLFDOO\�IRFXV�RQ�VSHFL¿F�GHPRJUDSKLF�JURXSV��PDNLQJ�
VRFLDO LGHQWLW\ a germane topic. In light of the overarching research question, we aimed 
to understand which dimensions of social identities scholars considered salient for their 
respective participants. Examining the extent to which different dimensions of identity 
are centered in the literature is important because it has implications for understanding 
which demographic groups are being used as sources of evidence as we work towards 
identifying solutions. 

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�ZH�PDGH�VSHFL¿F�FKRLFHV�DERXW�ZKLFK�JURXSV�DQG�WRS-
ics were considered “related to broadening the participation of African Americans” as 
these decisions most directly impact this sub-question. To ensure our examination was 
not too narrow, literature did not have to focus VROHO\ on African Americans to be con-
sidered relevant. For example, a study about students, in general, that considered race in 
the analysis and focused on a topic explicitly connected to broadening participation in 
engineering was included. 

To understand the subject demographics, we focused on race and gender, as well 
as their intersection. We focused on the treatment of these two dimensions due to their 
prevalence in the literature and historical priority in conversations around broadening 
participation (e.g., National Research Council, 2001, 2010, 2011). Regarding race, Fig. 
3 highlights the ways in which African Americans as a population were included in 
scholarship. Because we decided to consider the literature on increasing participation 
broadly, a large portion of scholarship in our map unsurprisingly included a broader 
subject population, emphasizing Africans Americans without focusing on them solely. 
0RUH�VSHFL¿FDOO\��DSSUR[LPDWHO\�RQH�WKLUG�RI�WKH�LGHQWL¿HG�VFKRODUVKLS�IRFXVHG�RQ�$I-
rican Americans as a singular racial group, whereas the remaining abstracts included 
African Americans within larger umbrella groups, suggesting that African Americans 
DUH�UHJXODUO\�VSHFL¿HG�ZLWKLQ�ODUJHU�XPEUHOOD�JURXSLQJV��

Regarding gender, our results indicated that focusing on two genders (i.e., men and 
women simultaneously) is most common, as opposed to focusing on men or women, 
boys or girls. As illustrated in Fig. 4, 79% of articles focused on women and men simul-
WDQHRXVO\��RU�GLG�QRW�PHQWLRQ�JHQGHU�DW�DOO������RI�DUWLFOHV�ZHUH�DERXW�ZRPHQ�DQG�JLUOV��
and 9% were about men and boys. It is likely that more scholarship explicitly focused 
on women than men because women are another underrepresented group in STEM, and 
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gender sometimes goes unmentioned in scholarship with a predominately, if not entirely, 
focus on boys or men.

Combined, these trends highlight the implications of decision related to how race 
DQG�JHQGHU�DUH�WR�EH�FRQVLGHUHG�LQ�UHYLHZLQJ�WKH�OLWHUDWXUH��WKH�VSHFL¿FLW\�JLYHQ�WR�HL-
WKHU�JHQGHU�RU�UDFH�ZLOO�LQÀXHQFH�WKH�DPRXQW�RI�UHOHYDQW�VFKRODUVKLS�DYDLODEOH��:KHQ�
IRFXVLQJ�RQ�D�VSHFL¿F�JURXS�VXFK�DV�$IULFDQ�$PHULFDQV��ZKHWKHU�PHQ�RU�ZRPHQ��RQH�
should be open to looking at seemingly related literature that is focused on broader 
demographics because not doing so might prematurely limit their search by too much. 
Furthermore, automatically excluding studies with a broader demographic focus can 
mask insights generated through research methods that include comparison or control 
groups across racial lines, which is a common practice in educational research. An 
example of such a study is Ohland et al. (2011), where “eight-semester persistence 

FIG. 3: Subject demographics by race

FIG. 4: Subject demographics by gender (binary)
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and six-year graduation rates are compared for various race-gender populations using 
a longitudinal, comprehensive dataset of more than 75,000 students matriculating in 
engineering at nine universities from 1988–1998.” Conversely, it is similarly important 
to realize that when African American participation is studied in this manner, the spe-
FL¿F�QHHGV�DQG�H[SHULHQFHV�RI�WKH�SRSXODWLRQ�DV�ZHOO�DV�ZLWKLQ�JURXS�YDULDELOLW\�PD\�EH�
lost in the larger sample (Smith and Paretti, 2015). As African American participation 
in engineering and computer science continues to be stagnant and/or declining, unlike 
RWKHU�UDFLDO�HWKQLF�JURXSV��*LEERQV��������<RGHU��������� LW� LV�FOHDU�WKDW� WKH�QHHGV�RI�
prospective African American engineering and computer science students are unique, 
and merit focused attention. All in all, balance is needed as it relates to demographic 
focus. 

7R� EHWWHU� XQGHUVWDQG� WKH� H[WHQW� WR�ZKLFK�PRUH� VSHFL¿F� GHPRJUDSKLFV�PD\� QHHG�
isolated attention, we turn to the intersection of race and gender. When we overlay both, 
we get a more complete picture. For example, our results suggest that when the focus of 
DQ�DUWLFOH�LV�VROHO\�RQ�$IULFDQ�$PHULFDQV��PHQ�UHFHLYH�PRUH�DWWHQWLRQ��ZKHUHDV�ZKHQ�WKH�
focus is on people of color, women receive more attention. As shown in Table 5, 90% 
RI�DUWLFOHV�WKDW�IRFXVHG�VROHO\�RQ�ER\V�RU�PHQ��Q� �����ZHUH�VSHFL¿FDOO\�DERXW�$IULFDQ�
Americans, whereas there was a greater mixture in scholarship that focused solely on 
girls or women. In particular, only 47% of articles focused solely on girls or women 
ZHUH�DERXW�$IULFDQ�$PHULFDQ�ZRPHQ� �Q� ������7KLV�SDWWHUQ�FRXOG�VXJJHVW� WKDW� WKHUH�
LV�ODFN�RI�DWWHQWLRQ�JLYHQ�WR�WKH�XQLTXH�H[SHULHQFHV�RI�$IULFDQ�$PHULFDQ�ZRPHQ��RU�LW�
could be the result of women being considered underrepresented in general whereas 
men are not. Because men are not gender minorities, literature related to broadening 
SDUWLFLSDWLRQ�WKDW�VSHFL¿FDOO\�IRFXVHV�RQ�PHQ�LV�DOPRVW�JXDUDQWHHG�WR�IRFXV�RQ�PHQ�RI�
color, particularly African Americans. These trends should be considered when making 
scoping, programmatic, or research design decisions related to race and gender.

4.2 Sectors: Discipline and Segment

As it was stated at the beginning of this manuscript, “[t]he potential for losing students 
along all segments of the pathway from preschool through graduate school necessitates 
a comprehensive approach that focuses on all segments of the pathways, all stakehold-

TABLE 5: Overlap of race and gender in the literature
Population Race Population Gender

Women Men Both Grand Total
African American 28 37 101 166
People of color 13 2 92 107
Mixed 18 1 83 102
*HQHUDO 0 1 94 95
*UDQG�WRWDO 59 41 370 470
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ers, and the potential of all programs, targeted and non-targeted” (National Academies, 
2011, p. 144). To explore the extent to which the current approach has been compre-
hensive, we examined trends related to the attention given to various sectors along the 
STEM education-to-workforce pathway. Here we focus on discipline (e.g., engineering) 
and segment (e.g., K-12). 

Again, to ensure our probe was not too narrow, we aimed to include literature fo-
cused on every segment between K-12 and the workforce, both academe and industry. 
Our results suggest that K-12 and undergraduate education receive the bulk of the 
DWWHQWLRQ²D�SDWWHUQ�WKDW�PDQLIHVWV�UHJDUGOHVV�RI�GLVFLSOLQH��8QVXUSULVLQJO\��DEVWUDFWV�
WKDW�VSHFL¿FDOO\�IRFXV�RQ�FRPSXWHU�VFLHQFH�DUH�QRW�DV�SUHYDOHQW��$V�LOOXVWUDWHG�LQ�)LJ��
5, abstracts focused on either STEM broadly (as opposed to only engineering or com-
puter science) or engineering accounted for 92% of literature, whereas abstracts fo-
cused solely on computer science accounted for 8% of the total. We hesitate to give an 
explanation for this trend as there are several plausible rationales available, the most 
OLNHO\�EHLQJ�WKH�KLHUDUFK\�RI�WKH�WHUPV��67(0�VSHFL¿FDOO\�LQFOXGHV�WKH�VXEMHFW�HQJL-
neering, and engineering often includes computer science. Furthermore, the interest 
in computer science as it relates to broadening participation of African Americans is 
PRUH�FRQWHPSRUDU\��DQG�WKH�¿HOG�FRXOG�EH�UHFHLYLQJ�OHVV�DWWHQWLRQ��0RUH�LQIRUPDWLRQ�
is needed here. 

Our results suggested a similar imbalance as it relates to the attention given to dif-
ferent segments of the STEM pathway. As illustrated by Fig. 6, the undergraduate seg-
ment represented the largest proportion (54%) of scholarship, by far, and was followed 
by the K-12 segment. Unfortunately, yet unsurprisingly, the workforce segments (both 
academic and nonacademic) receive much less attention, and community colleges re-
ceived even less. Though a more equal distribution of scholarship may be warranted, the 
attention given to K-12 is promising because participation in STEM is a socialization 
SURFHVV� WKDW�RIWHQ�EHJLQV� LQ�HDUO\�FKLOGKRRG� �(QWZLVOH�DQG�+D\GXN��������(FFOHV�DQG�
-DFREV�� ������ DQG� HIIRUWV� HDUOLHU� DORQJ� WKH�67(0�SDWKZD\V�PD\�EH�PRUH� HI¿FDFLRXV�

FIG. 5: Disciplinary emphasis 
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�/HQW�HW�DO����������7KLV�LV�HVSHFLDOO\�UHOHYDQW�ZKHQ�FRQVLGHULQJ�$IULFDQ�$PHULFDQ�SDU-
ticipation in engineering and computer science given the frequency of many additional 
FKLOGKRRG�DQG�DGROHVFHQW�VWUHVVRUV�WKLV�SRSXODWLRQ�IDFHV��*XWPDQ�HW�DO���������1RJXHUD��
2003). Then again, the lack of scholarship focused solely on community college students 
LV� GLVKHDUWHQLQJ�JLYHQ� WKH�GHPRJUDSKLF�RI� WKH� VWXGHQW� ERG\²D� VLJQL¿FDQW� QXPEHU�RI�
African Americans begin their postsecondary education here (Ma and Baum, 2016). The 
lack of focus on this segment was unsurprising, unfortunately, as previous scholars have 
QRWHG�WKH�WHQGHQF\�WR�RYHUORRN�WKLV�SRSXODWLRQ��&ODUN��������7HUHQ]LQL�HW�DO����������7KH�
lack of focus on the workforce was similarly expected, though for different reasons. In 
SDUWLFXODU��WKLV�WUHQG�UHJDUGLQJ�WKH�QRQDFDGHPLF�ZRUNIRUFH�LV�OLNHO\�GXH�WR�WKH�LQÀXHQFH�
of power dynamics on accessibility as industry employers are often reluctant to open 
their doors to social science researchers (Stevens and Vinson, 2016). The trend regard-
ing the academic workforce could be due to the locations of those producing most of the 
scholarship (i.e., universities), where researchers are more likely to study those with less 
power than to study their peers (i.e., other faculty). Similar tendencies have been noted 
LQ�¿HOGV�VXFK�DV�SV\FKRORJ\��ZKHUH�VWXGLHV�DUH�RIWHQ�DERXW�XQGHUJUDGXDWH�VWXGHQWV��%RZ-
man, 2009). Because most researchers are at universities, this population is extremely 
accessible when compared to other contexts, such as industry, where gatekeepers are not 
always as receptive to researchers. 

Combined, the implication of the discipline and segment trends is that more schol-
arship is needed to advance our understanding of less prioritized areas, whether due to 
interest or accessibility. To better understand the extent to which certain sectors should be 
given attention, we turn to the intersection of discipline and segment. When cross-tabbed 
by discipline (see Table 6), abstracts about the K-12 segment were largely written using 
the STEM umbrella term, whereas abstracts about the undergraduate segment featured a 
greater balance of both engineering and STEM descriptors. Though a central focus to a 
smaller extent, computer science has stronger representation in the K-12 and undergradu-
ate literature.

FIG. 6: Segment along education-to-workforce pathway
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4.3 Scholarship: Publication Format and Year

In addition to identifying trends related to demographics and sectors, it is important to 
understand scholarship production (e.g., research output) because it has implications for 
which audiences are targeted and have access, as well as the manner in which gatekeep-
ers monitor quality (e.g., peer-reviewed or non-peer-reviewed). We focus on publication 
format and year, aiming to acquire a general sense of scholarship production over time 
(see Fig. 7).

Regarding publication format, our results suggest that a large majority of the 
VFKRODUVKLS�ZH�LGHQWL¿HG�ZDV�GLVVHPLQDWHG�WKURXJK�WUDGLWLRQDO�DFDGHPLF�YHQXHV²D�
VLJQL¿FDQW�PDMRULW\�RI�DEVWUDFWV� ������ZHUH�HLWKHU� IURP�FRQIHUHQFH�SURFHHGLQJV�RU�
journal articles. Though this trend is likely a result of the scholarly focus of our re-

FIG. 7: Publication trends over time

TABLE 6: Overlap of segment and discipline in the literature
Segment STEM Engineering CS Subtotals
K-12 69 7 12 88
Community college 5 2 0 7
Undergraduate 106 132 17 255
*UDGXDWH 16 5 1 22
Academy 9 11 0 20
Nonacademy 3 8 1 12
Across 28 18 5 51
Other 8 3 4 15
*UDQG�WRWDO 244 186 40 470
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search process, an important point to consider here is the manner in which stakehold-
ers in various segments access and appraise knowledge generated by the literature. For 
example, stakeholders beyond university settings likely do not have great accessibility 
to journal articles, which are often behind pay walls (Suber, 2003). Furthermore, even 
when these stakeholders can access journal articles, the information may not be com-
municated in a manner intended to facilitate their understanding and implementation. 
On the contrary, non-peer-reviewed media may raise concerns regarding quality or 
credibility, as the review process can vary drastically or be nonexistent for certain for-
mats. Moving forward, the impact of the knowledge medium should be kept in mind 
among knowledge producers interested in expanding participation rates of African 
Americans in engineering and computer science, as well as knowledge consumers 
LQWHUHVWHG�LQ�DGYDQFLQJ�WKHLU�RZQ�XQGHUVWDQGLQJ��7KH�¿HOG�VKRXOG�DOVR�H[DPLQH�WKH�
extent to which scholarship focused on broadening participation is published in open-
access venues, as many of the practitioners, leading efforts beyond the university, 
may otherwise not have access to the knowledge researchers are working so hard to 
disseminate.

Access to information may become a higher priority as increasingly more infor-
mation is produced, as indicated by our results. As shown in Fig. 7, the quantity of 
JHUPDQH� VFKRODUVKLS� LQFUHDVHG�DIWHU� HYHU\�¿YH�\HDU�SHULRG�GXULQJ�RXU� VHDUFK� WLPH-
WDEOH� �����±������� DQG� D� VLJQL¿FDQW� SRUWLRQ� RI� WKLV� VFKRODUVKLS� ZDV� SXEOLVKHG� DI-
ter 2000. The largest proportional growth in frequency occurred from 1990–1994 to 
1995–1999, where scholarship more than tripled, increasing from 10 to 36. The next 
greatest jump occurred from 2005–2009 and 2010–2014, where the number increased 
IURP����WR������7KRXJK�WKH�ODVW�¿YH�\HDU�SHULRG�LQ�WKH�WLPHWDEOH�LV�LQFRPSOHWH��WKH�
numbers appear to be stabilizing. As more and more scholarship is being produced, 
WKH�¿HOG�VKRXOG�FRQWLQXH�PDNLQJ�DQ�HIIRUW�WR�HQVXUH�ZRUN�LV�QRW�EHLQJ�XQQHFHVVDULO\�
duplicated.

Combined, the implication of the publication format and year trends is that scholar-
ship production in this area has experienced exponential growth since 1975 and is being 
produced in various formats. To better understand the extent to which certain formats have 
been produced over time, we turn to the intersection of publication format and year, as 
VKRZQ�LQ�7DEOH����3UHGLFWDEO\��WKH�WKUHH�PRUH�SRSXODU�IRUPDWV²MRXUQDO�DUWLFOHV��FRQIHU-

TABLE 7: Prevalence of scholarship formats in the literature
Format Count % Total 
Conference proceedings 161 34% 
Journal article 160 34% 
Thesis 96 20% 
Book 13 3% 
Other 40 9% 
*UDQG�WRWDO� 470 100% 
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HQFH�SDSHUV��DQG�WKHVHV²H[SHULHQFHG�DQ�RYHUDOO�LQFUHDVH�GXULQJ�HDFK�VXFFHVVLYH�¿YH�\HDU�
period, up until 2014. We note that theses publication increased the most exponentially 
over a single period, more than quadrupling in number from 2005–2009 to 2010–2014. 
7KLV�LQFOXGHG�ZRUN�IURP�YDULRXV�¿HOGV��VXFK�DV�HGXFDWLRQDO�SV\FKRORJ\��KLJKHU�HGXFDWLRQ��
education and human development, urban education, mathematics curriculum and instruc-
tion, economics, public policy, etc. Such variation in academic disciplines was encourag-
ing as solving this challenge will likely require interdisciplinary expertise. Furthermore, 
the frequency of journal articles more than tripled from 2005 to 2009, and the frequency 
of conference articles nearly tripled from the 2000–2004 to 2005–2009 period. The most 
prevalent journals included the�-RXUQDO�RI�1HJUR�(GXFDWLRQ, Science Education, -RXUQDO�
of Research in Science Teaching, -RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ, -RXUQDO�RI�&ROOHJH�
6WXGHQW�'HYHORSPHQW, -RXUQDO�RI�&ROOHJH�6FLHQFH�7HDFKLQJ, -RXUQDO�RI�%ODFNV�LQ�+LJKHU�
Education, -RXUQDO�RI�$SSOLHG�3V\FKRORJ\, the�,QWHUQDWLRQDO�-RXUQDO�RI�(QJLQHHULQJ�(GX-
cation, and the +DUYDUG�(GXFDWLRQ�5HYLHZ��8QIRUWXQDWHO\��LW�LV�GLI¿FXOW�WR�GHWHUPLQH�ZK\�
WKH�IUHTXHQF\�RI�VFKRODUVKLS�KDV�JURZQ�VR�UDSLGO\��RU�ZK\��LQ�SDUWLFXODU��WKH�JURZWK�KDV�
been concentrated in conference articles, journals, and theses. While this increase may 
indicate increased interest, some of it may be attributed to an increase in the volume of 
publishing, in general. Nevertheless, these trends are encouraging. 

4.4 Information: Study Type and Methods

Next, we explored which style of information was being produced, focusing on study 
type and data collection methods used to investigate research and assessment questions. 
It is important to understand the nature of the information being produced because dif-
ferent approaches to data collection enable us to answer different questions (Booth et al., 
������&UHVZHOO�DQG�&UHVZHOO��������0LOHV�DQG�+XEHUPDQ���������%HFDXVH�HDFK�PHWKRG�
has different strengths and weaknesses, it is useful to understand the extent to which 
stakeholders are leveraging the range of methodological paradigms available. As illus-
trated in Fig. 8, most abstracts were research focused, though a considerable amount of 
practice-focused scholarship was also present in the form of overviews and evaluations. 
This trend could be attributed to the likelihood that most assessment and evaluation con-
ducted by practitioners is not being published, and is unlikely the result of more research 
being conducted than practice-based efforts. 

Next, we focused on data collection described in abstracts considered as either re-
search or evaluations according to study type. As illustrated in Table 8, the grand total 
here is 363 as opposed to 470 because articles categorized as “overview” or “other” 
IRU�VWXG\�W\SH��Q� ������ZHUH�H[FOXGHG��,Q�WRWDO������RI�UHVHDUFK�RU�HYDOXDWLRQ�DUWLFOHV�
had a method that was discernible from the abstract, including quantitative methods, 
TXDOLWDWLYH�PHWKRGV��DQG�PL[HG�RU�PXOWLPHWKRGV��DQG�RQO\�����PHQWLRQHG�XWLOL]LQJ�D�
method in a nonconclusive way. While the largest type of research method was quan-
titative (31%), qualitative articles were still a large minority at (19%). This trend sug-
gests that a variety of methods are being used to study the issue, but this warrants 
further unpacking. 
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To further understand the implication of these trends as it relates to research and 
HYDOXDWLRQ� VWXGLHV� VSHFL¿FDOO\��ZH�FURVV�WDEEHG� VWXG\� W\SH�DQG� UHVHDUFK�PHWKRGV��$V�
shown in Table 9, research articles were more likely to have a discernible method com-
pared to evaluation articles as most evaluation articles were either INC or OTHER-
METH, indicating that the methods were either indiscernible or unclear based on the 
abstract. This is likely due to differences in expectations and communicative practices 
across writing research vs. evaluation abstracts, methods being more prioritized in the 
former and context in the latter. Further work is needed to unpack the methodological 
FKRLFHV�LQ�WKHVH�WZR�DUHDV��$V�WKH�¿HOG�FRQWLQXHV�ZRUNLQJ�WRZDUGV�VROYLQJ�WKH�SHUVLVWHQW�

FIG. 8: 6WXG\�W\SHV�UHÀHFWHG�LQ�VFKRODUVKLS

TABLE 8: Prevalence of data-collection methods in the literature
Method Count % Total
Quantitative 113 31%
Qualitative 68 19%
Both 33 9%
Inconclusive 77 21%
Other 72 20%
*UDQG�WRWDO 363 100%

TABLE 9: Overlap of study type and research method
Method Quant. Qual. Both Inconclusive Other Subtotals
Research 107 66 27 67 45 312
Evaluation 6 2 6 10 27 51
*UDQG�WRWDO 113 68 33 77 72 363
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challenge of broadening participation, researchers and evaluators should continue lever-
aging both qualitative and quantitative methods in their scholarship. 

4.5 Salient Trends: Race, Gender, and Other Variables

/DVWO\��WR�HQVXUH�ZH�GLG�QRW�RYHUORRN�DQ\�VDOLHQW�WUHQGV�UHJDUGLQJ�VFKRODUVKLS�IRFXVHG�
VSHFL¿FDOO\�RQ�$IULFDQ�$PHULFDQV��ZH�FRQFOXGHG�RXU�DQDO\VLV�E\�PRUH�FORVHO\�H[DPLQ-
ing the interactions between race, gender, and other variables (e.g., study type, methods) 
XVLQJ�FURVV�WDEXODWLRQV��,Q�GRLQJ�VR��ZH�ZHUH�DEOH�WR�LGHQWLI\�PRUH�VSHFL¿F�WUHQGV�UHODWHG�
WR�UHVHDUFK�WKDW�VSHFL¿FDOO\�IRFXVHG�RQ�$IULFDQ�$PHULFDQ�PHQ�DQG�ZRPHQ��$V�VKRZQ�
LQ�7DEOH�����PRVW�HYDOXDWLRQ�VWXGLHV�UHSRUW�¿QGLQJV�ZLWK�UHVSHFW�WR�HDFK�JHQGHU��7KLV�LV�
likely due to most interventions being either focused on race (e.g., people of color) or 
gender (e.g., girls), but seldom targeting those with an intersectional identity (e.g., girls 
RI�FRORU���+RZHYHU��VXFK�SURJUDPV�GR�H[LVW��7KLV�¿QGLQJ�VXJJHVWV�WKDW�D�SRVVLEOH�JDS�LQ�
WKH�OLWHUDWXUH�LV�HYDOXDWLRQ�HYLGHQFH�IURP�LQWHUYHQWLRQV�WKDW�VSHFL¿FDOO\�WDUJHW�$IULFDQ�
American boys or girls. These investigations might provide insight into whether such 
interventions are effective. 

1H[W��EHFDXVH�WKHUH�ZHUH�VR�PDQ\�UHVHDUFK�DEVWUDFWV��Q� �������ZH�ORRNHG�PRUH�
closely at how race and gender intersected for research in particular, focusing on 
data collection methods (Table 11), discipline (Table 12), and segment (Table 13). 
This data enabled us to identify several gaps. For example, research focused solely 
on African American men or women was mostly qualitative, whereas research spe-
FL¿FDOO\� DERXW�$IULFDQ�$PHULFDQV� WKDW� VWXGLHG� ERWK� JHQGHUV� ZDV� JHQHUDOO\� D� PL[�
of quantitative and qualitative studies (Table 11). The results here may be indica-

TABLE 10: Overlap of race, gender, and study type in the literature
Race Gender Research Overview Evaluation Other Total 
AA F 25 1 1 1 28

M 28 3 1 5 37
BOTH 68 9 10 14 102

POC F 8 2 0 3 13
M 2 0 0 0 2

BOTH 51 21 11 9 93
MIX F 17 1 0 0 18

M 0 0 1 0 1
BOTH 44 17 16 6 83

*(1 F 0 0 0 0 0
M 1 0 0 0 1

BOTH 68 7 11 8 94
Total 312 61 51 46 470
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tive of the nature of researching small populations of men or women, where, due to 
small numbers, large comprehensive statistical analysis is less feasible. This trend 
suggests that there may be a need for quantitative studies (that utilize quantitative 
PHWKRGRORJLHV�DPHQDEOH�WR�VPDOO�VDPSOH�VL]HV��IRFXVHG�VSHFL¿FDOO\�RQ�WKH�SDUWLFLSD-
tion of African American men and separately on that of African American women. 

TABLE 11: Overlap of race, gender, and methods in the literature [research only]
Race Gender Quant Qual Both Other-meth Inc Total 
AA F 2 10 4 3 6 25

M 1 12 5 3 7 28
BOTH 21 16 5 15 11 68

POC F 2 3 0 1 2 8
M 1 0 0 0 1 2

BOTH 14 8 5 12 12 51
MIX F 10 5 1 0 1 17

M 0 0 0 0 0 0
BOTH 18 8 6 6 6 44

*(1 F 0 0 0 0 0 0
M 0 0 0 0 1 1

BOTH 38 4 1 5 20 68
Total 107 66 27 67 45 312

TABLE 12: Overlap of race, gender, and discipline in the literature [research only]
Race Gender STEM ENG CS Total 
AA F 16 7 2 25

M 15 10 3 28
BOTH 32 29 7 68

POC F 7 1 0 8
M 2 0 0 2

BOTH 25 22 4 51
MIX F 6 11 0 17

M 0 0 0 0
BOTH 25 17 2 44

*(1 F 0 0 0 0
M 1 0 0 1

BOTH 33 27 8 68
Total 162 124 26 312
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These trends also have implications for which sorts of systematic literature reviews 
are needed, and can assist in scoping. For example, whereas a review of evaluation 
reports generally may be feasible, a comprehensive review of research might not be 
as advisable. Instead, researchers should consider exploring smaller subsets of re-
search, such as scholarship focused on broadening participation in computer sci-
HQFH��LQ�JHQHUDO��Q� ������RU�VFKRODUVKLS�IRFXVHG�RQ�WKH�DFDGHPLF�DQG�QRQDFDGHPLF�
ZRUNIRUFH� �Q�  � ���� FRPELQHG��� )RU� VHJPHQWV� VXFK� DV�.���� RU� XQGHUJUDGXDWH� HGX-
cation, further scoping may be required, such as focusing on articles that centered 
only on African Americans. Our aim is for this mapping review to facilitate such  
decisions. 

4.6 Summary

There are numerous trends in scholarship focused on broadening participation of Af-
rican Americans in engineering and computer science, dealing with both the focus 
RI�WKH�VFKRODUVKLS�DV�ZHOO�DV�WKH�PDQQHU�LQ�ZKLFK�LW�KDV�EHHQ�SURGXFHG��7KH�¿UVW�WZR�
WUHQGV�ZH�GLVFXVVHG�UHODWHG�WR�WKH�IRFXV��$FFRUGLQJ�WR�RXU�UHVXOWV��D�VLJQL¿FDQW�SRUWLRQ�
of scholarship includes a broader subject population, emphasizing Africans Ameri-
cans yet not focusing solely on this group, suggesting that African Americans are 
UHJXODUO\�VSHFL¿HG�ZLWKLQ�ODUJHU�XPEUHOOD�JURXSLQJV��,Q�OLJKW�RI�WKH�QHHG�WR�UHYHUVH�WKH�
participation trends associated with this particular minority group, there is a need for 
more research that is focused on the unique challenges and opportunities associated 
with this demographic. Similarly, most abstracts focus on women and men simulta-
neously, or did not mention gender at all. We also noted an imbalance as it relates to 
the attention given to different segments of the STEM pathway, with undergraduate 
and K-12 segments representing the largest proportion. With this in mind, increas-
ing scholarship on graduate education and the workforce sectors offers the largest 
opportunity for advancing scholarship in this area. STEM and engineering are also 
typically the focus of these studies, as opposed to computer science. Because of this, 
more scholarship on computer science across all segments of the pathway represents 
D�VLJQL¿FDQW�XQWDSSHG�RSSRUWXQLW\��

Regarding the manner in which scholarship has been produced, scholarship produc-
WLRQ�KDV�VLJQL¿FDQWO\�LQFUHDVHG�VLQFH�������DQG�D�ODUJH�PDMRULW\�RI�WKH�VFKRODUVKLS�ZH�
LGHQWL¿HG�ZDV�GLVVHPLQDWHG�WKURXJK�WUDGLWLRQDO�DFDGHPLF�YHQXHV��VXFK�DV�FRQIHUHQFH�
proceedings and journals. Most abstracts were research focused, though a considerable 
amount of practice-focused scholarship in the form of overviews and evaluations was 
examined. The most frequent type of research method used overall (which included 
African American in particular as well as other minority groups) was quantitative, al-
WKRXJK�TXDOLWDWLYH�DUWLFOHV�VWLOO�FRQVWLWXWHG�D�ODUJH�SURSRUWLRQ��/DVWO\��PRVW�HYDOXDWLRQ�
VWXGLHV�UHSRUW�¿QGLQJV�ZLWK�UHVSHFW�WR�WZR�JHQGHUV��DQG�WKHUH�LV�D�QHHG�IRU�PRUH�UHSRUWV�
focused on the effectiveness of single-gender interventions. There is also a dire need 
for research focused on African Americans in segments other than K-12 and under-
graduate education.
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5. CONCLUSIONS

Despite continual effort to broaden participation and an emphasis on connecting research 
DQG�SUDFWLFH��-DPLHVRQ�DQG�/RKPDQQ���������WKH�SHUFHQWDJH�RI�$IULFDQ�$PHULFDQV�HDUQ-
ing degrees, and by extension pursuing careers in engineering and computer science 
KDV�DFWXDOO\�GHFOLQHG�LQ�UHFHQW�\HDUV��*LEERQV��������<RGHU���������,Q�UHVSRQVH�WR�WKLV�
alarming trend, a reexamination of our approach to solving this problem is desperately 
needed at this time, especially by the research community. An advanced understanding 
of where scholarly efforts have focused prior work is a necessary component of develop-
ing a comprehensive agenda that enables an advanced strategy to solving this national 
problem. Consequently, it is important to take a step back and examine the state of the 
literature on the topic at this point in time. To that end, the goal of this current study was 
to synthesize the literature on the topic through a literature map to identify knowledge 
gaps and areas for future research. One reason for optimism that emerged from the lit-
erature map was the expanding number of articles generated on the topic of broadening 
$IULFDQ�$PHULFDQ�SDUWLFLSDWLRQ�LQ�67(0�DQG�WKH�EUHDGWK�RI�DFDGHPLF�¿HOGV�ZRUNLQJ�
towards identifying solutions. In terms of future work, this mapping now serves as the 
basis for a set of in-depth systematic literature reviews that illuminate deeper insights 
DERXW�WRSLFV�WKDW�KDYH�EHHQ�LQYHVWLJDWHG�DQG�NH\�¿QGLQJV�WKDW�KDYH�HPHUJHG�RYHU�WLPH�
�/RQGRQ�HW�DO���������3HH�HW�DO����������7KLV�ZRUN�KDV�WKH�SRWHQWLDO�WR�PRWLYDWH�PDQ\�
other efforts as well. As stakeholders continue working towards broadening participa-
tion of African Americans, we hope that this mapping review not only raises awareness 
of the current state of efforts dedicated to each segment of the K-12-to-workforce path-
ZD\��EXW�DOVR�LOOXPLQDWHV�JDSV�LQ�WKH�OLWHUDWXUH�\HW�WR�EH�¿OOHG�
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