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Abstract

Background: As engineering remains central to the US economy, it is
imperative that the innovators of this field reflect the world in which we live.
Despite decades of concerted effort to broaden participation in engineering,
representation continues to lack.

Purpose: The purpose of this paper is to provide education researchers and
practitioners with a clear understanding of barriers to the participation of
Black American children in science, technology, engineering, and mathe-
matics (STEM). Our interest is driven by the role that precollege STEM experi-
ences play in children's likelihood of becoming potential engineering students.
Scope/Method: We conducted a systematic literature review of 41 articles
focused on Black children in precollege STEM contexts. Each article under-
went individual review to gain deeper insight into key contextual factors that
enable and constrain these potential engineers.

Results: We situate our research findings in Perna'’s college choice model to
highlight the key factors that may influence one's career and college decisions.
The contextual factors are associated with the (1) social, economic, and policy
context (e.g., racism, sexism, and classism); (2) STEM educational and commu-
nity context (i.e., social perceptions and access); and (3) the local support
context (i.e., teachers and family).

Conclusions: Our results represent the early workings of a “glass ceiling”
above the heads of potential engineering students. The underrepresentation of
Black Americans who thrive in engineering is a byproduct of the lack of acces-
sibility to quality and advanced learning experiences that too often plague
K-12 schools and communities that serve high populations of Black Americans.
Such findings have implications for research and practice.
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1 | INTRODUCTION

Despite continual efforts to broaden participation, there has been a decline in the percentage of engineering degrees
awarded to Black Americans (Gibbons, 2009; Roy, 2019). We present the findings from a systematic literature review
(SLR) exploring the precollege experiences that Black youth have with science, technology, engineering, and mathe-
matics (STEM). Our interest is driven by the role that precollege STEM experiences play in children’s opportunity to
pursue engineering degrees upon graduating high school. Since the 1970s, various stakeholders have called for
increased diversity in STEM (Carnevale et al., 2014; Griffin, 2018; Holloman et al., 2018). However, Black Americans,
among many other groups, remain disproportionately underrepresented (Pew Research Center, 2018); this discrepancy
is particularly evident in engineering, where only 4.2% of undergraduate degrees were awarded to Black/African Ameri-
cans in 2018 (Roy, 2019).

We argue that the likelihood of producing a representative pool of engineering graduates will remain dismal if the
country continues to lose students from underrepresented racial groups at critical points along the education-to-workforce
pathway. Research shows that early access, exposure, and exploration to opportunities that individuals have during their
primary and secondary educational experiences serve as strong predictors of their future success and career paths
(Daugherty et al., 2014; DeJarnette, 2012; McClure et al., 2017). And though some students actively choose to pursue other
career paths (e.g., Wang et al., 2013), the insufficient proportion of engineering degrees awarded to Black Americans cannot
be attributed to a mere lack of interest and ability: This situation is a byproduct of the lack of accessibility to early experiences
and exposure to STEM, which often acts as a gatekeeper to undergraduate engineering programs.

Although K-12 engineering education has begun receiving more attention lately (Mendoza Diaz & Cox, 2012;
National Academy of Engineering, 2020; National Research Council, 2009a, 2009b, 2010), its lack of presence in most
environments necessitates an approach that still views K-12 engineering education as interconnected to K-12 STEM
education more broadly. This connection is evidenced in the literature that focuses on why engineering students have
chosen their respective majors. Numerous studies, for example, document the relationship between undergraduate stu-
dents' motivation and identity to their interest in and prior success with science and mathematics (Godwin et al., 2016;
Jiang et al., 2020; Matusovich et al., 2010). The existence of this phenomenon influenced our broad scope. The work
that has been done related to Black children's experiences with STEM is fragmented, in disparate bodies of the litera-
ture, and has not been synthesized. Thus, to fully understand and address the poor representation of Black Americans
who complete engineering degrees, exploring trends of K-12 level STEM experiences is necessary.

1.1 | Purpose

The purpose of this paper is to synthesize the literature on the early experiences that Black children have with STEM to
identify contextual factors that have implications for their pursuit of formal engineering and computer science (E&CS)
education. Toward this aim, the research question guiding this inquiry is: According to scholarly literature, what contex-
tual factors most significantly influence the experiences Black children have with STEM? We identified and analyzed
41 publications focused on this topic. The results of this SLR provide insights into how multiple contextual factors work
together to create a “glass ceiling” of sorts preventing many Black children from becoming potential engineering stu-
dents. In addition to presenting the results of our SLR, we also highlight future areas of research exploration as well as
practice improvements.

2 | METHODOLOGY

The SLR is a methodological tool to review the state of the literature (Kitchenham et al., 2009; Paré et al., 2015). SLRs
are most useful when scoping an unknown research area and identifying gaps from which to commission future
research (Grant & Booth, 2009). While the literature does currently exist on the topic of broadening participation, it is
often in disparate bodies of literature and is fragmented, and has not yet been synthesized. To make valid inferences
about and recommendations toward improving participation trends, situating the work within an existing body of
knowledge is key. Although SLRs have not traditionally been a typical method used in engineering education research
(Borrego et al., 2014), other disciplines have found value in them for their ability to summarize, critically evaluate, and
reconcile conflicting evidence to inform policy and practice (Borrego et al., 2014).
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2.1 | Literature mapping

This study is a part of a larger project. Prior to beginning the review of the literature for the K-12 education segment, a
process of literature mapping took place to identify and select eligible articles to be included in the entire first phase of
a larger study. A systematic map “categorizes existing literature from which to commission further research and/or pri-
mary research by identifying gaps in research literature” (Grant & Booth, 2009, p. 94). As such, the results of a literature
mapping process characterize the literature on a particular topic by documenting trends surrounding features of study
designs (London et al., 2020). While literature reviews and literature mapping have many overlapping characteristics,
some of the main differentiators of the two methods are related to (1) research objectives and question formation;
(2) search strategy and article screening; (3) data extraction and critical appraisal; and (4) synthesis and reporting
(James et al., 2016; London et al., 2020). In short, literature mapping is the step that aids in the creation of a database of
literature for an actual literature review process.

For this study, the literature mapping process followed an adapted version of the PRISMA checklist (2009). Figure 1
(below) illustrates the process of starting with a large pool of potential sources to be reviewed, and narrowing them
down to those that were included in the SLR. To be included in the SLR, the relevance and academic merit of each
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FIGURE 1 PRISMA diagram depicting the process of identifying, cataloging, and appraising the literature included in the systematic
mapping
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article were assessed by multiple members of the research team and evaluated on the following criteria: (1) are the
problem/purpose/aim of the study clearly articulated, (2) information about the data collection procedures was
apparent and appropriate, (3) is the information and approach to analyzing the data appropriate to addressing the cur-
rent project’s purpose, and (4) was the sampling strategy appropriate and representative of the target population
(Black/African American) for our work.

2.2 | Setting inclusion criteria and identifying sources

The initial inclusion criteria used during the collection of literature are as follows: (1) publication date range,
(2) database selection, and (3) search string selection. This paper is part of a larger project, and more about these processes
can be found in a previously published article about the overall process of conducting an SLR (London et al., 2020). These
data were collected in January 2018. The beginning of the date range associated with this dataset (e.g., 1970-2017) was
informed by historical events associated with efforts to broaden the participation of Black Americans in E&CS, specifically
the establishment of several national-level efforts focused on broadening participation in engineerng in the 1970s (e.g.,
National Action Council for Minorities in Engineering, Inc. [NACME] established in 1974 and the National Society for
Black Engineers [NSBE] established in 1975). With the help of a librarian, databases and search strings were identified, as
illustrated in Table 1. They helped limit publication bias by keeping the database options as wide as possible. Additionally,
their expertise was used for identifying search strings, alongside input from researchers in our professional network and
keywords associated with “Diversity” from the Engineering Education Research Taxonomy (Finelli et al., 2015).

After removing 100 duplicate publications, 1080 articles were evaluated against three additional hierarchical
inclusion criteria: (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 STEM disciplines in a K-12 context?
(3) Is the article focused on issues or the experiences of Black Americans, or on some aspect of the wide variety of
topics associated with broadening participation? Criteria 3 allowed for the inclusion of publications that might not
focus solely on Black Americans. This inclusion was done to account for the possibility of learning from publications
that emphasized Black Americans without solely focusing on them. We intended to be mindful of the realities of
targeting a specific group, given the legal landscape of the early 21st century and the frequency with which multiple
marginalized groups are included in a single intervention. In total, 470 of 1180 (40%) articles met the criteria and

TABLE 1 Databases and search strings used to locate articles

Database name Search string Note
Education Source and ((bias OR discrimination OR multicultural* OR inclusive* OR Search all fields for words used to
PsycINFO racism OR prejudice) OR include or exclude people
(EBSCOhost interface)  (motivation OR attainment OR achievement OR aspiration OR Search Abstract, Title, Subject headings
persist* OR retention)) AND for terms used for African American
((AB african w2 american OR SU african w2 american OR TI Search Abstract, Title, Subject headings
african w2 american) OR (AB black OR SU black OR TI black) for STEM, engineering, and
OR (AB people N2 color* OR SU people N2 color* OR TI computer science
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™))

Compendex and < ((motivation OR attainment OR achievement OR aspiration Quick search, Auto Stemming off,
INSPEC (Ei Village OR persist* OR retention) WN All fields) > OR < ((bias or Search all fields
interface) discrimination or multicultural* or inclusive* or racism or Search Subject/Title/Abstract, Auto
prejudice) WN All fields) > Stemming off
AND Search Subject/Title/Abstract, Auto
< ((((african ONEAR/2 american) WN KY) OR ((black) WN Stemming off
KY)) OR ((people NEAR/2 color) WN KY)) >
AND

< ((STEM OR engineer* OR “computer science””) WN KY) >
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spanned across the education-to-workforce pathway, as illustrated in Figure 1 (additional details about the information
in Table 1 are included in a systematic mapping review that has been published elsewhere; London et al., 2020). This
paper focuses on a subset of 41 articles related to K-12 education.

2.3 | Preparing for the review of the literature

Of the 249 articles deemed eligible for review during the data extraction process, 41 articles focused on Black
Americans' experiences with STEM at the K-12 level. Once all articles to be included in the SLR were identified, each
article underwent individual review to gain deeper insight into what researchers focus on when it comes to under-
standing the experiences that Black Americans have with STEM at the K-12 level. This article examination was guided
by six overarching questions. The questions are as follows:

1. What research questions are researchers asking? What are the themes among the purpose and research questions of
existing studies? In short, what are people studying?

2. What research methods, evaluation methods, and theoretical frameworks have been used to study issues of
broadening participation of Black Americans in E&CS?

3. Who are researchers including in studies on broadening participation?

4. What are the limitations of studies on broadening the participation of Black Americans in E&CS, according to those
explicitly stated by the authors of publications and reports on this topic?

5. What are some of the problematic things we saw? For example, are some topics getting much more attention than
others? Are there things that are consistently missing from studies in this area?

These questions were answered for all 41 articles included in this SLR. The answers were synthesized into the themes
presented in the next section. A summary of each of these articles can be found in the table in the Appendix.

3 | RESEARCH FINDINGS

We situate our research findings in Perna's college choice model (Perna, 2006), which presents the relationship between
a student’s context and college choice. The multilayered context depicted in this framework encompasses the social,
economic, and policy context; the school context; the family context; and the individual's internal context. Collectively,
it highlights the educational, psychological, sociological, and economic elements of context that impact college choice,
and ultimately, student success. Our rationale for situating our findings in this model is twofold. First, the choice of
engineering as a potential career path cannot be decoupled from the choice of a college, due to the central role that a
bachelor’s degree plays as the minimum credential required for entering the engineering profession. This framework
highlights the key factors that may influence that decision. Second, the themes that emerged during this SLR analysis
are comparable to the constructs in Perna's model. Because our themes were identified prior to the selection of this
framework, this alignment provided further external validity and theoretical support for the appropriateness of
this framework. Consequently, Perna'’s college choice model will serve as the organizational framework for this study's
findings and the bridge between this SLR's findings and existing scholarship.

As research indicates that early exposure to STEM experiences is key to ensuring young people are adequately
prepared to pursue engineering career paths, there are a host of factors that can influence their trajectory toward
E&CS. Among the articles included in this SLR, the questions explored and methods within these studies varied greatly.
Thus, we were unable to identify any patterns among their aims or research questions. However, we did identify
themes related to the factors associated with early STEM experiences that influence students’ interest and further explo-
ration. These themes have been organized under three headings: (1) social, economic, and policy context; (2) STEM
education and community context; and (3) local context. The first theme focused on issues of racism, sexism, and
classism in light of college/career aspirations and choice. The findings associated with the second theme correspond to
issues of social perceptions and access to STEM activities. Finally, the findings corresponding to the last theme are
related to educators and family in the learner's life. Figure 2 succinctly presents these themes in light of Perna's
model (2006).
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Social, economic, and policy context

Racism Sexism Classism

STEM education ans community context

Perceptions Access
Local support context
Teachers Family
Habitus
College/career
Black children » aspirations and
choice

FIGURE 2 Themes from the systematic literature review situated in Perna'’s college choice model

3.1 | The social, economic, and policy context

Examining the underrepresentation of Black Americans in E&CS requires an understanding of the social, economic,
and policy context as it relates to K-12 schools and communities. Since the establishment of the common school
(De Lissovoy et al., 2015), racism, classism, and sexism have served as systemic gatekeepers to the level of access and
quality of education that each individual receives. Particularly with regard to Black Americans, each of the aforemen-
tioned social structures continues playing a part in social stratification. The following subsections will give particular
attention to how scholars have studied these structures with regard to Black American children's early STEM
experiences.

3.1.1 | Race and racism

Given the nature and context of the larger project in which this study is situated, all articles included in this review
used race as a focus of the investigation. However, the ways the authors approached race (or racism) varied. A large
portion of the articles solely focused on the experiences of Black Americans (Brown et al., 2017; Carr, 2015;
Cottledge, 2013; Diemer et al., 2016; DiSalvo, 2012; Fries-Britt et al., 2012; King, 2013; Lartson, 2013; Lattimore, 2005;
McGee & Pearman, 2015; Moses-Snipes & Snipes, 2005; Olszewski-Kubilius et al.,, 2017; Polman & Miller, 2010;
Robinson et al., 2016; Sharpe, 2011; Showers, 2015). In cases where there was a mixed representation of participants
from the major race/ethnicity categories (e.g., Black/African American, White, Native American/Indigenous, Latinx,
Asian/Pacific Islander), researchers often made comparisons of achievement and participation between Black Ameri-
cans and their White counterparts (Andersen & Ward, 2014; Bowe, 2012; Cheong et al., 2004; Else-Quest et al., 2013;
Mau et al., 1995; Palardy, 2015; Teague, 1994; Tolbert & Douglas, 2016). In a few cases, researchers had a heterogeneous
race/ethnicity participant pool, but their study had a primary focus on results for Black Americans (Dickerson
et al.,, 2014; Ramsey, 2012). These sampling trends could be attributed to the fact that for the last 40 years many
researchers have been particularly interested in broadening participation of Black Americans in engineering and STEM
as representation remains chronically low.

Many authors studied how race serves to moderate attitudes and self-efficacy around achievement in STEM
(Bowe, 2012; Lattimore, 2005; Mau et al., 1995). One example of this is Lattimore (2005), where the researcher
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concluded that Black children often feel inadequate when it comes to high-stakes testing in STEM-related subjects
based on one-on-one interviews with them. Similarly, Scott and Martin (2014) found that the most frequently perceived
external barrier (45%) was students’ fear of being treated differently based on their race. Sato (2013) contends that
despite schools' supposed status of being a place of equal opportunity, youth are often impacted by racism, bias, and
discrimination, which often serve as barriers to STEM aspiration and participation.

While many of the investigators for these studies hypothesized and/or grounded their study in the idea that the
status of being Black would impact students’ beliefs about abilities, interest, and achievement in STEM (Carr, 2015;
Else-Quest et al., 2013; King, 2013; Mau et al., 1995; McGee & Pearman, 2015; Robinson et al., 2016; Sato, 2013;
Snipes & Waters, 2005; Teague, 1994), it was surprising to find that in some cases students did not feel their race served
as a barrier. In their study of psychosocial factors that contribute to the underrepresentation of Black boys in mathe-
matics courses, Rowlett (2013) found that five of the six participants adamantly dismissed the notion that racism played
a part in Black Americans being underrepresented in advanced math courses. Such findings are important to consider
as the field of engineering continues looking for ways to combat racism.

3.1.2 | Gendered racism and sexism

In addition to exploring the impact of racism, it is also important to consider how gender impacts these racialized
experiences. Of the 41 articles included in this literature review, nearly half specifically examined the role of gender.
Seven articles focused on girls (Carr, 2015; Cornick, 2012; Mau et al., 1995; Robinson et al., 2016; Teague, 1994) and six
articles focused on boys (Brown et al., 2017; Cottledge, 2013; DiSalvo, 2012; DiSalvo et al., 2014; King, 2013; McGee &
Pearman, 2015; Rowlett, 2013). In other articles, both boys and girls were included, while a significant element of the
findings focused on gender-based differences.

Black girls and STEM

In some authors' investigations about how the intersection of race and gender impact girl's experiences, the main focal
areas were on the factors that shape their attitudes and interests (Cornick, 2012; Mau et al., 1995; Robinson et al., 2016;
Teague, 1994) and variables on STEM achievement evaluations (Carr, 2015; King, 2013; Ramsey, 2012; Teague, 1994).
With regard to factors that shape girls' earliest attitudes and interests toward STEM, Cornick (2012) found that Black
girls' ability to identify as an engineer was largely influenced by “1) self-efficacy beliefs, 2) academic identity, 3) social
identity, 4) engaging learning experiences, and 5) support and encouragement from teachers and parents” (p. 136).
They also found that interest in participating was influenced by school culture, expectations and values, encouragement
to participate from others, and career aspirations. Likewise, Mau et al. (1995) found that girls' aspirations to pursue
STEM careers were highly influenced by the encouragement of others. And Cornick (2012) found that experiences that
girls have in middle and high school influence their perceptions of their ability to be successful in STEM. From the pre-
program survey that Robinson et al. (2016) administered to their middle school program participants, they found that
some students did not have high beliefs about their ability to do computer science well. However, despite their near cer-
tainty to underachieve in the content, the research team realized that many students did not even have a clear under-
standing of what computer science was. After the workshop, participants had higher confidence in their ability and
interest in computer science. Findings from both of these studies affirm the earlier stated impact of early exposure on
STEM interest.

Black boys and STEM

When studying the STEM experiences of Black boys, authors mostly investigated how these children navigated their
identities with regard to STEM interest. All studies that focused on boys studied them at the high school level. In works
led by DiSalvo (2012) and DiSalvo et al. (2014), the studies’ purpose was to understand why, despite Black children
often playing video games, that interest was not translating into a pursuit of computer science at the same rate as
White and Asian American students. In their 2014 study, DiSalvo and colleagues asserted that Black boys often adopted
a “cool pose” in their approach to education, as a way to save face and not indicate their peers they were overly smart
or what would be considered “a nerd”—a stereotype often associated with both E&CS. They suggested that the cultural
values of being “cool” and showing interest in STEM often conflicted. However, they found that interventions around
their interest ignited an interest in learning computer science, and allowed them to do so, while still fitting in with
peers. While DiSalvo saw Black boys as not seeing learning computer science as an intrinsic value, other researchers
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have highlighted the various ways Black youth navigate the intersection of being Black and male (Brown et al., 2017;
McGee & Pearman, 2015; Rowlett, 2013) and how they overcome these differences to attain achievement in STEM.

Recognizing the many social constructs in place to keep Black boys out of STEM, Brown et al. (2017) examined and
documented how one urban school used representational practices to promote positive science identities within Black
boys. They found that when the school made intentional efforts to create a culture that connected ethnic/racial identity
and achievement ideology, it positively resonated with the young men. While their findings could not produce empir-
ical indicators of how representation and positive identity aligned with STEM achievement, they did find that this type
of framing was useful. Aligned with this correlation, McGee and Pearman (2015) found that positive social environ-
ments for Black boys provided an avenue for high achievement in math and science. Jones (2007) asserts that in order
for race to no longer serve as an early barrier for STEM participation, educators and policymakers must continue to
interrogate differential achievement outcomes between Black and White students.

3.1.3 | Classism

To fully understand how race functions in the United States, one must also consider the role of class or socioeconomic
status as it relates to the underrepresentation of Black Americans in E&CS. Parsons et al. (2005) stated that the low-
income designation is often a stipulation of these types of studies because those communities are commonly perceived
to be isolated from mainstream American and hold a strong commitment to Black cultural ethos (BCE). Thus, many
studies that focused exclusively on Black children also included an element of research that focused on those from low-
income homes or low socioeconomic status communities (Andersen & Ward, 2014; DiSalvo, 2012; Lichtenberger &
George-Jackson, 2013; McGee & Pearman, 2015; Tolbert & Douglas, 2016). Through many of the studies in this review,
it was concluded that students’ home and community socioeconomic statuses have a significant correlation to their
early STEM experiences. However, the impact of socio-economic status (SES) also shows up in the learning environ-
ment. Because these two are often hard to distinguish, we discuss them both simultaneously.

Personal and community economic status

Research suggests that students with low SES are often subject to limited opportunities (Carr, 2015; McGee &
Pearman, 2015). For example, McGee and Pearman (2015) assert that it is important to take note of the byproducts of
being from a low SES background, such as limited transportation, having to care for family members, and the dangers
associated with one's surrounding neighborhood may hinder access to opportunities. Research also documents that
across the nation, learning environments for students, particularly Black children in underserved communities, are
heavily impacted by the residual effects of low SES (Anderson, 2012, 2016; Darling-Hammond, 2010). More specifically,
the nature of a student’s learning environment can serve as a vehicle for directing their academic interests
(DiSalvo, 2012; Moses-Snipes & Snipes, 2005; Parsons et al., 2005; Polman & Miller, 2010). While many studies found
that SES was a significant indicator of strong participation in STEM, Andersen and Ward (2014) found that SES did not
always serve as a strong predictor. Nonetheless, engineering must address the ways SES impacts students’ access and
entrée into opportunities that lead to those fields.

Recognizing the limitations that coming from a low SES background have on academic and social outcomes, Tolbert
and Douglas (2016) found that, on average, students who attend a school with more students on free and reduced
lunch had lower scores on precollege engineering concepts than those who attend schools with fewer free and
reduced lunch receiving students. Similar trends were found by Lichtenberger and George-Jackson (2013), whose find-
ings indicated that students who were in the college prep program, which is often associated with “White-collar” status,
were more likely to have STEM aspirations than those on the career technical education track. Additionally,
Teague (1994) found that Black girls are oversaturated in schools with limited resources.

In DiSalvo’s (2012) study of how participation in an extracurricular STEM program impacted student interest, he
found that program participation positively correlated to students’ interest in computer science. However, an unfortu-
nate reality for these students who had newly developed an interest in studying computer science is that of the eight dif-
ferent high schools the participants represented—none offered intermediate or advanced level computing courses. This
finding aligns with other literature stating that schools with higher percentages of students who qualify for free/reduced
lunch often lack advanced educational curriculum and resources; they tend to offer vocational rather than academic
course work, including advanced STEM and computing offerings (Goode et al., 2006). It also aligns with findings from
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Sato's (2013) study, where youth indicated that they experienced racism through the denial of high-quality classroom
instruction and the ability to participate in science classes and experiences beyond those required for graduation.

Another factor that often plagues schools in low socioeconomic communities is overcrowding and large class sizes,
which produce various problems for educators. For example, Lichtenberger and George-Jackson (2013) found that
“class size was significantly and negatively related to one's likelihood of planning to major in a STEM field. That is, stu-
dents from schools with smaller class sizes had higher odds of an early STEM interest as compared with those from
schools with larger class sizes” (p. 29). Sato (2013) also found that class size impacted students' early experiences with
STEM. And Sharpe (2011) found that Black children were more likely to exhibit high student achievement in mathe-
matics when there was a sense of safety within the school—a classroom attribute that is undoubtedly easier to deliver
in educational environments that are not overcrowded.

While issues such as income inequality and poverty might seem unrelated to engineering education, these studies
highlight the significant impact that such issues have on Black children's ability to excel academically in STEM and
become potential engineering students.

3.2 | The STEM education and community context

In addition to understanding the social, economic, and policy context, it is also important to consider the STEM
education and community context as it relates to Black children. The following subsections will give particular attention
to social perceptions about deficits related to STEM ability and achievement and discuss access (or insufficient access)
to STEM activities. What these findings highlight is that Black children's self-perceptions, motivations, and identity forma-
tion regarding STEM are socially constructed and informed by cultural milieu. For students to be able to identify as future
engineers within the classroom, they must be able to envision themselves fulfilling similar STEM roles.

3.21 | Social perceptions of deficit

When exploring factors that shape students’ early experiences with STEM, authors often acknowledge the fact that there
is a deep-rooted social perception of deficit that influences Black Americans' entire communities and thoughts around
math and science ability—two skill sets often associated with a child being a potential engineering student. Recognizing
how this narrative can work toward stifling children’s thoughts about their own ability to achieve STEM-related courses
or self-identify as a scientist or future engineer, many researchers approached their investigation with the intention to
debunk cultural deficit theories through the use of theoretical frameworks such as critical race theory, ecological systems
theory, and social capital theory (Carr, 2015; Cottledge, 2013; DiSalvo et al., 2014; Drazan et al., 2015; Jones, 2007;
King, 2013; McGee & Pearman, 2015; Palardy, 2015; Parsons et al.,, 2005; Polman & Miller, 2010; Rowlett, 2013;
Sato, 2013; Sharpe, 2011; Showers, 2015; Snipes & Waters, 2005). For example, Jones (2007) highlighted that children are
aware of how Black Americans' representation in society, particularly around STEM, is often shaped by cultural biases
that impact students’ academic achievement and career aspirations. For example, one child participant in their study
noted that they had known people (Black Americans and non-Black Americans) to state preferences for White doctors,
suggesting that Black doctors are less qualified. Their findings suggest that such perceptions and biases around Black
Americans' ability can impact students’ aspirations toward STEM-based fields, such as medicine or engineering.

Many other studies found that the intrinsic motivation to pursue STEM was negatively impacted by students’ feeling
of not being good enough and not feeling academically prepared (Bowe, 2012; Carr, 2015; Cornick, 2012;
Cottledge, 2013; Dickerson et al., 2014; Jones, 2007; Robinson et al., 2016; Snipes & Waters, 2005). An example of this
was found in Scott and Martin's (2014) study on students’ perceptions toward pursuing STEM in higher education. In
the study, researchers conducted a survey and focus groups to measure students’ perceptions of internal and external
barriers to STEM aspirations. They found that the most frequently perceived intrinsic barriers to students having STEM
aspirations included feeling not as smart as other students (46%) and not feeling prepared enough to succeed in
STEM (41%). Carr (2015) also found that when students performed poorly in math, it negatively impacted their self-
esteem, leading to limited interest in STEM and prevented them from further pursuing STEM activities. Jones (2007)
concluded that low test scores and fewer career choices in STEM, in comparison to those of White students, have
resulted in lower interest and underrepresentation of Black Americans who participate in STEM activities in high
school.
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Comparatively, many authors found that when students had high achievement in math and science and/or positive
thoughts about their ability to succeed, they had a higher interest in STEM (Bowe, 2012; King, 2013; Lichtenberger &
George-Jackson, 2013; Mau et al., 1995; Showers, 2015). While many authors found that high achievement and positive
thoughts around one’s ability were strong predictors to interest in STEM, Cornick (2012) found that even when students
did perform well in STEM there was not always a correlation with a desire to continue on the STEM pathway.

While children's beliefs about their STEM ability and achievement are important, these beliefs themselves are
insufficient as it relates to broadening participation in engineering and largely influenced by the surrounding context.
For example, Jones (2007) found that students’ desires toward STEM were negatively impacted by the limited represen-
tation of Black Americans in science-related positions (e.g., doctors, engineers), causing them to question whether such
a career is attainable. While none of the studies in the literature focused particularly on the role of media, participants
highlighted the role of media in their exposure, or lack thereof, to STEM in some of the qualitative studies. One partici-
pant in Jones' (2007) study stated that their interest in STEM is influenced by watching television shows about doctors
and nurses, which makes the healthcare profession “seem fun.” Other authors found that the portrayal of Black
Americans in the media, whether positive or negative, influences students' early interest in STEM (Carr, 2015;
Cornick, 2012; Jones, 2007; Rowlett, 2013; Sato, 2013). Given the disconnect between students’ sense of ability to
participate and achieve in STEM within the school setting, and the prominent influence of media portrayal on STEM
interest, broadening participation efforts must have varied approaches to make multi-angle touchpoints. Unfortunately,
television shows that positively spotlight engineers in a way that makes the profession “seem fun” are few and far in
between.

3.2.2 | Accessto STEM activities

Through intentional efforts, educators can positively influence children's intrinsic motivation and self-efficacy toward
math and science. For example, Bowe (2012) found that students having positive emotions about their ability to achieve
in science had strong positive correlations to achievement. One way that educators work to enhance students' positive
emotions in relation to STEM was through nontraditional (e.g., informal learning, out-of-class learning) STEM experi-
ences. Accordingly, in the literature reviewed, there was a subset of researchers who conducted studies that explored
how nontraditional STEM exposure could lead to positive associations with STEM (Carr, 2015; Cornick, 2012;
DiSalvo, 2012; DiSalvo et al., 2014; Drazan et al.,, 2015; Olszewski-Kubilius et al., 2017; Polman & Miller, 2010;
Robinson et al., 2016; Sato, 2013).

Researchers observed and interacted with children participating in afterschool, summer, and/or enrichment
programs to understand how nontraditional STEM exposure influences larger STEM goals. Drazan et al. (2015) recog-
nized that introducing Black, Latino, and Indigenous Americans to STEM could serve as a way to reduce poverty in
low-income communities. However, this research team acknowledged that these groups are traditionally alienated
from STEM altogether—engineering not being an exception. One approach that this team used to increase exposure
and interest was finding a nonscience activity that the student and a scientist-educator already had a common interest
in, such as art or sports. Once the science-educator and the student developed a trusting relationship, the two could
then investigate their common activity through a scientific lens. Drazan et al. (2015) found that because the students
were engaged in an activity in which they already had a natural interest, they were more comfortable being guided
through the activity by the scientist-educator. They found that this allowed learners to feel a sense of “ownership” over
the activity, allowing for an educator to enter into the children'’s circle of support in a more authentic way.

Researchers also found nontraditional STEM exposure beneficial in a project called Project Excite, a program that
provides elementary through high school students with a cadre of math and science supports to close the STEM
achievement gap. In their study, Olszewski-Kubilius et al. (2017) found that within their respective state, Program
Excite participants outperformed nonparticipants on the Illinois Standards Achievement Test. According to their find-
ings, it is suggested that front-loading programs and supports in nontraditional settings can support in nurturing stu-
dents' interest and increase overall representation in STEM pursuits (Olszewski-Kubilius et al., 2017). This result is
promising for those offering nontraditional experiences focused on engineering.

Another study that explored the impact of nontraditional education opportunities on STEM participation focused
on a group of students who served as video game testers during a summer employment experience. DiSalvo (2012)
sought to understand why young Black boys play digital games frequently yet were not leveraging that gaming activity
into an interest in computer science at the same rates as their White and Asian American peers. He found that when
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the Black boys participating in his Glitch Game Testers program were given the opportunity to play and contribute to
the development of video games, they had an increased interest in computer science. Like Drazan et al.'s findings,
DiSalvo (2012) also found that participants had a preference for learning and participating in STEM activities when
they considered the experience to be more authentic. It was found that participants overwhelmingly planned to
graduate high school, and the Glitch program seemed to “have had a significant effect on participants’ intentions to
take computing classes ‘next semester’ (p = 0.01) and ‘as many classes as possible in computing every semester’ until
they graduated (p = 0.19)” (DiSalvo, 2012, p. 104). Such results are supported by Austin (2010), who asserts that the
relationship between advanced math and science courses that students take in high school, and their early interest in
STEM, has an impact on STEM degree completion.

The above findings remind us that in traditional school settings, Black children often lack access to the required
STEM courses that would set a strong pathway into engineering or computer science degrees, necessitating non-
traditional means of exposure to these fields and skills are important. Unfortunately, access to STEM activities similar
to those mentioned above is not equitable, as noted by Tolbert and Douglas (2016) who state that many students’ STEM
disadvantages are due to the fact that students from lower SES and racially diverse schools have less informal (outside
of school) exposure to relevant opportunities. This lack of access is often a direct result of the poor socioeconomic
status of schools that disproportionately serve high populations of Black children.

3.3 | The local support context

Lastly, it is important to consider the significant role that other people had in influencing Black children’s interest and
participation in STEM. In particular, the studies included in our SLR found that children's interactions with teachers
and family were key indicators of their interest and success in STEM education and career pursuits.

3.3.1 | Teachers

Teacher support and vested interest in students' success serve as key contributors to both positive and negative STEM
experiences (Brown et al., 2017; Carr, 2015; Cornick, 2012; Drazan et al., 2015; Fries-Britt et al., 2012; Jones, 2007;
Parsons et al., 2005; Showers, 2015). The various ways teachers served as an influence was through the social (either
positive or negative) nature of feedback and exchanges with students (DiSalvo et al., 2014; Jones, 2007; Showers, 2015).
Researchers who studied the significance of the student-teacher relationship on STEM interest found that students
made positive associations between their teachers and STEM experiences when teachers affirmed their abilities in math
and science (Cornick, 2012; King, 2013; Lattimore, 2005; Showers, 2015). Additionally, Cornick (2012) suggests that
teachers must allow students to engage in engineering experiences outside of the context of the classroom, and create
opportunities for additional communities of practice to develop that allow students to experience engineering in a
variety of ways.

In Lattimore's (2005) work, a good teacher is described as one who is concerned about their students on a personal
level, and is interested in and exercises willingness and patience to help students learn math. As a related example of
this finding, one participant in Showers' (2015) study decided to forgo an advanced math class to remain working with
the teacher (her first Black teacher) that made them feel supported and inspired. In parallel, Fries-Britt et al. (2012),
Sato (2013), and Showers (2015) found that teachers who were negative or invalidating had equally powerful and
lasting impressions on students. One noteworthy finding on how teachers can negatively impact students’ STEM aspira-
tions is through their own negative messages about math. Lattimore (2005) asserts that when teachers express their
own difficulty with or apprehension toward math, that mindset is passed on to students. It is reasonable to assume that
the same could be said for engineering.

With regard to teachers’ direct impact on Black children's early STEM experiences, some authors examined the
correlation between student outcomes and teacher attributes such as demographic variables, number of years teaching,
level of credentials, and so forth. Lichtenberger and George-Jackson (2013) found that “students from schools where
the teachers had higher aggregate academic qualifications were less likely to have an early interest in STEM, whereas
students from schools where the teachers had more experience were slightly more likely to have an early interest in
STEM” (p. 31). They further found that teacher academic qualifications had a negative relationship with an early
interest in STEM, and teacher experience had a small but significant positive relationship. Contrarily, Cottledge (2013)
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did not find a significant association between teacher demographic factors and certification on student performance.
Palardy (2015) similarly found that even though Black and Hispanic children were slightly less likely to be taught by a
highly qualified teacher, that inequity did not significantly contribute to achievement gaps (in math and science). Even
if teacher factors such as certification, years of teaching, and other demographic factors do or do not impact children's
aspirations or achievement, Tolbert and Douglas (2016) argue that “well designed professional development could have
an impact on student knowledge and engineering identity” (p. 3).

One way some researchers found that teachers can work to make early STEM experiences more positively accessible
for students is through using culturally relevant pedagogical practices. According to Parsons et al. (2005):

Some contend that the incorporation of culture directly enhances learning in several ways. The
incorporation of culture makes cues more discernible, activates cognitive processes such that relevant
components of a task are identified, and heightens the salience and meaningfulness of the situation to
individuals so they become more attentive and motivated. (p. 194)

Aligned with the abovementioned finding, DiSalvo et al. (2014) and Fries-Britt et al. (2012) found that when teachers make
lessons more engaging and allow students to participate in activities that align with their identities and interest, Black chil-
dren’s positive associations with STEM were developed. Although Fries-Britt et al. (2012) had a small sample size in their
case study, it was found that when BCE was incorporated into the learning context, students showed greater improvement
in STEM-related classes. “In the BCE-incorporated instructional context, 46% had average to good improvement” (p. 193).
One point in the literature that highlights why and how culturally relevant pedagogy can serve as a key to minimizing
barriers toward Black Americans' early participation in STEM is through this final example from Parsons et al. (2005):

When students enact movement, teachers take disciplinary action to get them back to their seats or some
other stationary position instead of incorporating movement as a part of the lesson. Teachers demand
“classroom voices,” focused time-on-task, and traditional styles of interacting in lieu of excitement and live-
liness that is often accompanied by loudness and socializing. Instead of encouraging students to value what
benefits groups over individuals, teachers taut and enforce individuality. Such instances of opposition can
be reduced in occurrences and in intensity when the culture students bring with them is first viewed as cul-
tural capital, i.e., valued currency to be used in development; culturally congruent science instruction
achieves this goal and facilitates cultural border crossing into school science. (p. 195)

3.3.2 | Family

Lastly, in addition to the strong role of teachers, family members are also key influencers in the early STEM
participation of Black youth. King (2013) and Robinson et al. (2016) found that parental socioeconomic status was a
strong predictor of a student's high school mathematics proficiency. According to King (2013), this correlation can be
attributed to parents’ higher ability to invest in more physical capital such as books, computers, and other supplemental
STEM enrichment resources. However, most other researchers attributed the high correlation between positive STEM
aspirations and achievement to interpersonal factors. Many researchers found that when parents pushed students to do
well, gave praise about their abilities, and encouraged participation in STEM-related activities students were more
likely to identify as scientists and develop an early interest in participation (Cornick, 2012; Jones, 2007; Showers, 2015).
Jones (2007) also found that in some cases, students were motivated to choose a science career due to family health
concerns.

4 | RECOMMENDATIONS

As a reminder, the research question guiding this inquiry is: According to scholarly literature, what contextual factors
most significantly influence the experiences Black children have with STEM? While a great variety of issues are respon-
sible for the underrepresentation of Black Americans in engineering, some common themes emerged among the impli-
cations and recommendations suggested by authors studying Black children's experiences with STEM. Cornick (2012)
and King (2013) call for STEM-based programming to be introduced at an early age. Of the 41 studies included in this
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review, only three had population samples of students below the fifth grade, with a majority of them focused on high school,
then middle school student populations. This limited study of students in elementary school indicates a need to study issues
of participation at earlier critical points in development. Another recommendation based on this body of the literature indi-
cates the need for cultural relevance to be further incorporated into STEM education. Several researchers maintained that
STEM programming would be better if it contained culturally relevant/congruent pedagogy (Andersen & Ward, 2014;
Carr, 2015; Moses-Snipes & Snipes, 2005; Olszewski-Kubilius et al., 2017; Parsons et al., 2005). Interestingly, this suggestion
appeared to be concentrated in academic resources devoted to Black American issues, such as the Negro Educational Review.

The findings from this synthesis also point to opportunities to use a wider range of methodologies to study the
experiences of K-12 Black American students. While most articles on this topic were quantitative, researchers who study
the issues of participation in STEM at the K-12 level from a qualitative standpoint believe that there is great validity in
understanding the stories and experiences of students from their own accounts rather than simply relying on quantitative
assessment data (Carr, 2015; Polman & Miller, 2010; Sato, 2013). As an example, Carr (2015) highlighted the need for
exploring this topic from a qualitative perspective through the following statement: “understanding the behaviors, experi-
ences, and feeling of humans cannot be studied using the same approach to quantitative empirical research used to study
the reliability of a transistor” (p. 10). He further went on to assert that while engineers have the ability to reverse
engineer problems involving human interactions in ways that educators and social scientists cannot, their efforts are
“often truncated by rigid quantitative approaches to finding the solution to problems” (Carr, 2015, p.10).

Given the wide variety of topics covered in these studies, there were additional recommendations that were notable but
difficult to categorize. These recommendations include the following: (1) Investigating the extent to which minority and low
socioeconomic students achieve the learning outcomes associated with the engineering curriculum, in comparison to their
peers who have had different learning opportunities. (2) Addressing the learning needs of students who have had limited engi-
neering exposure and scaffold all students to achieve equally well across student subgroups when developing engineering cur-
ricula (Tolbert & Douglas, 2016). (3) Developing more Black American teachers to serve as STEM role models (Cornick, 2012;
Showers, 2015). (4) Better equipping all teachers, regardless of race, to better support students following STEM paths (Fries-
Britt et al., 2012). (5) Including student voice and perspective in research and efforts regarding their STEM participation
(Lattimore, 2005; Sato, 2013). We encourage the engineering education community to take up these charges.

5 | CONCLUSIONS

As evidenced by the variety of findings of this literature review, the current deficit of Black Americans pursuing
undergraduate degrees in engineering can be attributed to a variety of factors. In this study, we identified themes
related to the factors associated with early STEM experiences that influence students’ interest and further exploration.
These themes were organized under three headings: (1) social, economic, and policy context; (2) STEM education and
community context; and (3) local context. The first theme focused on issues of racism, sexism, and classism, while the
findings associated with the second theme correspond to issues of social perceptions and access to STEM activities.
Finally, the research findings corresponding to the last theme relate to educators and family in the learner's life.

What these findings reveal is an interlocking system of challenges associated with and opportunities for overcoming
the preliminary “glass ceiling” that hangs over the heads of potential engineers from minority communities. Simply
exposing students to scientists or engineers of the same gender or race will not suffice, and effective engagement must
be present to ignite children's personal motivations. Additionally, STEM content and educational activities must be
presented in ways that resonate with Black children on a cultural level, and account for the ways in which racism,
sexism, and classism may significantly impede the educational opportunities of children in certain communities. To
address these impediments, it is critical that the elements of the societal ecosystem that directly and indirectly influence
our education system (policy, media, educational funding support, etc.) become better aligned in ways that make engi-
neering and other STEM disciplines more interesting and culturally relevant. Left unaddressed, this reality will remain
a never-ending cycle of low participation of Black Americans in engineering.
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