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There has been extensive research into the underrepresentation of minoritized
students in STEM disciplines since the 1990s with limited success in improving the
representation of Black women in math-intensive STEM fields. This dissertation aims to
address how the guiding tenets of critical quantitative (QuantCrit) methods work when
used with publicly available datasets and commonly used statistical approaches.
Additionally, this dissertation provides a framework for how to apply reflexivity as a
method while utilizing a QuantCrit approach. The publicly available HSLS:09 dataset is
used as part of a reflexive study to demonstrate how the tenets of Critical Race Theory
(CRT) map onto a QuantCrit study utilizing structural equation modeling. Through
personal, methodological, and conceptual reflexivity, disconnects between the tenets and
the QuantCrit study are highlighted and discussed. These findings indicate a need for
more robust guidelines surrounding QuantCrit research. Furthermore, publication access

must be expanded to encourage movement beyond traditional White ways of knowing.
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Chapter 1
Introduction
This dissertation is my reflexive account of attempting to conduct a critical
quantitative research study of Black women pursuing STEM degrees at two or four-year
colleges and universities. I examined how tenets of critical quantitative (QuantCrit)
methods in higher education could be applied to traditional quantitative approaches for
studying Black women in STEM. As a White woman and developing researcher, [ am
both receptive to my quantitative training in conducting higher education research as well
as the critical perspective that traditional quantitative approaches are problematic for a
variety of reasons, a main reason being that quantitative approaches reduce race to a
background variable and cannot account for the complexity of racialized experiences
among People of Color (Zuberi & Bonilla-Silva, 2008). On the one hand, higher
education researchers have conducted countless studies using Black and other Students of
Color as a sample. On the other hand, a large body of qualitative studies document the
complex, nuanced, and complicated experiences of racially minoritized populations. How
can these approaches be reconciled? Should they be reconciled? As a student learning
about critical race theory (CRT) as well as quantitative research approaches, I decided to
focus on questions around how to bring both approaches together. While proponents of
quantitative critical research (QuantCrit) posit that quantitative research techniques and
statistics are viable methodologies to study underrepresented groups in STEM (Garcia,
Lopez, et al., 2018; Garcia, Vélez, et al., 2022; Gillborn et al., 2018; Suzuki et al., 2021),

there are limited exemplars that lay out a path for performing QuantCrit research



(Castillo & Gillborn, 2022). To fill this research gap, I will draw on reflexivity as a
method to explore how quantitative critical (QuantCrit) analysis and scholarship can be
specifically applied to a quantitative study of the experiences of Black women in STEM.
At its heart, this study is a methodological study designed to advance the utilization of
reflexivity and tenets of CRT in advancing social justice for minoritized students in
STEM higher education.

There is an abundance of research literature on Black and other marginalized
groups within science, technology, engineering, and math (STEM) disciplines, yet there
remain significant barriers to access, persistence, and retention for undergraduate students
in these fields. This has significantly negative consequences for the nation in terms of
talent and economic loss, but is devastating, primarily, in terms of social injustice for the
individual students who intend and want to pursue these fields. Diversity in STEM within
the context of the United States has been explored extensively since the early 1990s with
an overwhelming discourse surrounding historically underrepresented (HU) students -
racial and ethnic minorities, women, and first-generation college students (Bettencourt et
al., 2020; Estrada et al., 2016; Sax et al., 2017). Despite almost 30 years of research and
attempts to improve representation in STEM disciplines through changes in policies and
practices, persistent racial/ethnicity and gender gaps remain in some STEM
subdisciplines. Improvements in representation of HU students have occurred in the
specific STEM subdisciplines of psychology, biosciences, and social sciences (Hale &
Burke, 2017). The subdisciplines that continue to maintain the most notable gaps in

achievement for underrepresented students are math-intensive fields — physical science,



math and statistics, engineering, and computing science (Lehman et al., 2017; Su &
Rounds, 2015). The limited progress regarding racial equity within STEM despite
countless studies with an empirical emphasis on Students of Color is troubling. A central
problem with STEM higher education literature is that it centralizes racial minority status
without engaging explicitly in issues of race and racism (Abrica, 2022; Abrica et al.,
2021). Specifically, researchers often treat race in reductionist ways methodologically
and conceptually (Abrica et al., 2021). Quantitative studies of racially minoritized
students in STEM inherently group individuals into racial categories for the purposes of
understanding intra- and intergroup differences. The consequence of this, as critical
methodologists and critical race scholars have pointed out, is the obfuscation of
intersectional and complex social experiences of students (Abrica et al., 2021).

Within the STEM equity cannon of literature, scholars have focused on gender
inequity, racial inequity, and sometimes the intersection of the two (Van Dusen et al.,
2022). While acknowledging that multiple intersecting minority identities exist and that
there is hierarchy within social categories (Cole, 2009), Crenshaw (1991) critically
observed that membership within two social groups brings with it a unique experience of
oppression that is informed by interrelated structures. She argued, using Critical Race
Theory, that Black women, for example, experience intersecting forms of oppression
based on both race and gender. The complexity of intersectionality is not always captured
in the literature specific to STEM equity in higher education. The reason is because, as
Abrica et al. (2021) point out, higher education tends to rely on rigid quantitative

approaches that do not “fundamentally, invest in the knowledges and nuanced identities



of Students of Color, nor do they center theories of race and power in their
operationalization” (p. 4). STEM equity research in higher education, by relying on
quantitative analyses that treat students’ racial identities as background variables,
diminishes racial identities and experiences in linear, predictable, and reductionist ways
(Abrica et al., 2021). On the one hand, there is a vast body of largely quantitative
research examining experiences of Black women and other students who may hold
multiple, and intersecting identities. On the other hand, there is a critical body of
scholarship that advances the idea that experiences and outcomes of racial minority
students cannot and should not be reduced to background variables to be plugged into a
reductionist model. In this dissertation, I explored how to potentially reconcile two
divergent approaches to the study of Black women in STEM: one approach is a
traditional area of STEM scholarship that largely uses nationally available data and
statistics to examine established constructs like self-efficacy, belonging, and identity. The
second approach is critical and qualitative in nature, focusing on intersecting forms of
oppression as they shape experiences and outcomes for Black women in STEM. By
juxtaposing these two frames and relying on reflexivity as a method, I explored how
Women of Color, as a demographic group, can and should be studied in STEM higher
education, with an emphasis on the smaller subset of Black women.

As a point of clarification, this study was methodological in nature rather than
empirical. What this means is that I was not relying on a traditional qualitative or
quantitative study to answer an empirical question of student experiences and outcomes

in STEM fields. Rather, this dissertation research centered the study of a method or



approach by which we, as higher education scholars and practitioners invested in
promoting more meaningful equity in STEM fields, should study Black women in STEM.
Thus, the questions explored in this study are focused on the research tools we use and
their consequences and implications. Drawing on a qualitative, reflexive approach for
studying educational research methods, I sought to understand how one might use a
structural equation model within the quantitative tradition to execute a study of Black
women that does not perpetuate reductionist views of race or racially minoritized groups.
In other words, situated between traditional quantitative STEM scholarship and more
critical race scholarship, I examined how one might go about using critical quantitative
(QuantCrit) methods in higher education. To this end, I focused on examining the tenets
of critical quantitative methods and understanding how QuantCrit methods can be used
specifically with publicly available datasets and commonly used statistical approaches in
STEM higher education. Additionally, I focused on identifying, using a reflexive
approach, the utility and feasibility of applying critical race theory tenets to a quantitative
study of Black women in STEM. Ultimately, although the quantitative approach of
structural equation modeling was used in this dissertation, the dissertation itself was a
reflexive, methodological study. I utilized a large dataset and a quantitative research
approach as a vehicle for exploring how, as a White woman and beginning researcher, to
study Black women pursuing STEM fields.
Background and Impetus for the Study

Prior research on Black women in STEM education has pointed to factors that

threaten enrollment, persistence, and degree completion but typically overlooks the
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overarching issue of a racialized and gendered environment (McGee & Bentley, 2017). A
few of the factors linked to disparities in STEM outcomes for racial/ethnic minorities and
women include systemic racism, a “chilly” climate at the level of campuses and STEM
classrooms, a lack of a science identity, and STEM pedagogy that is not culturally
relevant (Carlone & Johnson, 2007; McGee, 2020; Solorzano et al., 2000; Walton et al.,
2015; White et al., 2019). While self-efficacy is a factor in all students, there is some
research indicating that self-efficacy and its importance in acting as a motivating factor in
education may vary across racial/ethnic groups (Usher & Pajares, 2008) and gender.
Despite the variation in self-efficacy seen across racial/ethnic groups, some researchers
argue against race-comparative studies because this type of analysis positions
race/ethnicity as a problem and continues to support negative stereotypes of Black culture
as deviant and dysfunctional (Gibbs, 1988; Majors & Billson, 1992; Parham & McDavis,
1987, as cited by Jackson & Moore, 2006). My study focused on utilizing a critical lens
and reflexivity to examine how we, as researchers, can move forward and expand our
understanding of underrepresented students in STEM through quantitative studies. As a
White woman, I used personal reflexivity to consider my role in engaging with
scholarship surrounding racially minoritized students.

As a larger group, racial/ethnic minorities and women comprise 70% of college
students but earn less than 45% of the degrees in STEM disciplines (Office of Science
and Technology Policy, 2016) and represent a large pool of individuals who are
experiencing social injustice due to their race and/or gender. The race-based experience

of Black students is relevant because, as a group, the percentage of math-intensive



engineering and computer science bachelor’s degrees awarded to Black students has not
only failed to increase from 2008 to 2018 but has declined. Over the ten-year period from
2008 to 2018, bachelor’s degrees awarded to Black students in engineering, as a share of
all engineering degrees, decreased from approximately 5% to 4% and computer science
degrees decreased from approximately 11% to 9% (Hamrick, 2021). During this same
period, Latino/a/x students, another sizable minoritized group, saw an increase in their
share of bachelor’s degrees in engineering and computer science from approximately 8%
to 12% and from 8% to 11%, respectively (Hamrick, 2021). Like Black men, Black
women experienced a decline in the percentage of degrees in computer science, math and
statistics, and engineering between 2008 and 2018 although for Black women in STEM,
the number of degrees from associates to doctorate degrees in science and technology
was higher than the number of those degrees in the same fields for Black men with the
exception for engineering at all levels (NCES, 2021).

Black women in STEM fields have unique lived experiences that separate them
from Black men and women of other races/ethnicities. While Black women share racial
discrimination with Black men and gender discrimination with White women, their
experiences are distinct because their experiences are significantly shaped by both racism
and sexism. Black women experience racism in the forms of racial microaggressions and
negative college campus climates (Estrada et al., 2016; Lee et al., 2020; McGee &
Bentley, 2017; Smith et al., 2016) in addition to sexism, specifically within STEM
disciplines (Nissen et al., 2021; Van Dusen et al., 2022). It is these multiplicative

experiences that make Black women a distinctive group. These experiences also lead to



Black women being a “hidden” group when issues are explored by examining Black
students or women more broadly without addressing the intersectionality of the racialized
and gendered experience of Black women (Crenshaw, 1991; Ireland et al., 2018).

Although Women of Color comprise 20% of the U.S. population, they earn only
14% of bachelor’s degrees in STEM fields (National Center for Science and Engineering
Statistics, 2021). Intertwined with the race-based gap is the gender gap experienced by
women in traditionally male-dominated STEM fields. I explored the intersecting gender-
based experience of Women of Color, with a primary focus on Black women, in STEM
disciplines because women face gender stereotypes in STEM (Beasley & Fischer, 2012;
Walton et al., 2015). The lack of progress in improving success rates for Black women
students in the STEM subdisciplines of engineering and computer science indicates a
need for continued research into the underlying explanatory factors driving this disparity
as evidence-based interventions rely on this critical information.

Much of the literature surrounding the impacts of racism and sexism on Black
women in STEM has utilized qualitative approaches or focused on theory. A major area
of focus in STEM literature is on racially minoritized groups and, to a lesser extent,
literature specific to racially minoritized women is on self-efficacy, identity, and sense of
belonging. Collectively, self-efficacy, identity, and sense of belonging are identified as
major individual-level factors in the recruitment and persistence in STEM subfields.
These are individual attributes that need to be contextualized in terms of how they are
shaped by race and racism experienced by Black women. This study focuses on how we

can contextualize individual-level experiences and outcomes in the context of
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understanding how race and racism are experienced by Black women in STEM subfields.
Additionally, this study focused on the HSLS:09 data set because large national datasets
play an outsized role in providing “evidence” to support policy changes with
policymakers emphasizing reliance on quantitative data over qualitative data despite
issues inherent in quantitative approaches (Gillborn et al., 2018; Lingard et al., 2012).
Considering the amount of money invested in creating large, publicly available datasets,
they should be expected to produce valuable data for less represented groups, such as
Black women in STEM. Unfortunately though, race has not been easily studied in federal
datasets other than as a background variable (Abrica et al., 2021). Rather than arguing
against the use of quantitative data in studies of minoritized populations, I argue that
effort should be expended by scholars to find the best ways to utilize large datasets in the
role of advancing racial justice in higher education. Within the publicly available
HSLS:09 dataset, there is consideration for how students perceive the way in which
instructors view them along racial and gender lines. These survey items, along with
others from the HSLS:09 dataset, were used as part of a reflexive exploration into the
value and feasibility of using structural equation modeling in a QuantCrit study of a
minoritized population in STEM higher education.

Research Problem

This dissertation reflexively explored a conceptual and methodological problem:
the separation or divergence of critical research on the experiences of Black women and
traditional, quantitative approaches to studying Black women and other historically

underrepresented groups in STEM. While there are strong conceptual and qualitative
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approaches in the literature on Black women in STEM, this information is not integrated
or incorporated into large-scale quantitative data analysis and reporting that most often is
used to guide national policy and discourse. Arguably, this is because of small sample
sizes or the inclinations of researchers to compare groups to one another. The problem
with having divergent approaches to the study of Black women in STEM — one
approach representing a traditional area of STEM scholarship that largely uses nationally
available data to examine established constructs like self-efficacy, belonging, and
identity, and secondly, an approach that is critical and qualitative in nature, focusing on
intersecting forms of oppression as they shape experiences and outcomes for Black
women in STEM—is that racial equity in STEM is never realized. There is a gap in
understanding how Black women as a demographic group can and should be studied in
STEM higher education. Proponents of quantitative critical research (QuantCrit) posit
that quantitative research techniques and statistics are viable methodologies to study
underrepresented groups in STEM ( Garcia, Lopez, et al., 2018; Garcia, Vélez, et al.,
2022; Gillborn et al., 2018; Suzuki et al., 2021) but there are limited exemplars that lay
out a path for performing QuantCrit research (Castillo & Gillborn, 2022). To fill the gap,
I drew on methodological reflexivity to explore how quantitative critical (QuantCrit)
analysis and scholarship can be specifically applied to a quantitative study of the
experiences of Black women. By doing so, I advanced our understanding in the field of
higher education of the challenges and limitations of maintaining a limited perspective on

race in the study of Black women in STEM, but also, the challenges and limitations of



11
trying out critical, quantitative approaches that aim to centralize race while working with
traditional quantitative paradigms and tools.

Purpose Statement

The purpose of this dissertation was to explore and understand how to apply
critical quantitative approaches in studies of Black women students in STEM higher
education research. While many authors cite increasing racial diversity in STEM fields as
an economic issue or in terms of building a more globally competitive STEM workforce,
both goals centered on interest convergence (Bell, 1980), the goal of improving
racial/ethnic and gender diversity within math-intensive STEM subdisciplines of physical
science, engineering, mathematics and statistics, and computer science is most significant
in terms of achieving social justice. By applying the tenets of QuantCrit, I am centering
social justice as the goal in studying Black women in STEM higher education. Other
scholars have relied heavily on qualitative approaches and have used individual decision-
making frameworks to study Black women in STEM higher education. My study
leveraged a federal, publicly available dataset, HSLS:09 data, which tracks students from
their entry into high school in 2009 through their college tenure as an example dataset to
explore STEM self-efficacy, STEM identity, and sense of belonging in Black women
following STEM tracks in college. This dataset allowed me to explore and examine what
variables and approaches are possible for studying the racialized experiences of Black
women, in STEM, using quantitative methods, while maintaining a critical lens. I used
reflexivity as a methodology while conducting a quantitative study of Black women using

the HSLS:09 dataset, a nationally available dataset commonly used to study the
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constructs of self-efficacy, identity, and belonging. In performing both tasks, I fulfilled
the purpose of this study w