
SPECIAL ISSUE ON EQUITY, INCLUSION, ACCESS, AND JUSTICE

Evaluating a National Biomedical
Training Program Using QuantCrit:
Revealing Disparities in Research
Self-efficacy for Women of Color
Undergraduates
Jayashri Srinivasan,† * Krystle P. Cobian,‡ Nicole M. G. Maccalla,§ and
Christina A. Christie║

†Associate Project Scientist, Coordination and Evaluation Center, University of California, Los
Angeles (UCLA), Los Angeles, CA 90025; ‡Investigator, UCLA Coordination and Evaluation
Center Geffen School of Medicine, University of California, Los Angeles, Los Angeles, CA 90025;
§Co-Director of Evaluation, Coordination and Evaluation Center, University of California, Los
Angeles, Los Angeles, CA 90025; ║Wasserman Dean and Professor of Social Research
Methodology, School of Education and Information Studies, University of California, Los
Angeles, CA 90025

ABSTRACT
Program evaluation for interventions aimed at enhancing diversity can fall short when
the evaluation unintentionally reifies the exclusion of multiple marginalized student ex-
periences. The present study presents a Quantitative Critical Race Theory (QuantCrit) ap-
proach to program evaluation to understand outcomes for Women of Color undergradu-
ates involved in a national biomedical training program called the Building Infrastructure
Leading to Diversity (BUILD) initiative. Using longitudinal data, we examined the impact
of participation in the BUILD Scholars programs and BUILD-developed novel biomed-
ical curriculum on undergraduate’s research self-efficacy. Employing propensity score
matching and multiple regression models, we found that Black women who participated
in the BUILD scholars program reported higher research self-efficacy, whereas Latine and
White undergraduate BUILD scholars had lower research self-efficacy. Additionally, La-
tine women who participated in novel biomedical curricula reported significantly lower
research self-efficacy. We contend that disaggregated and intersectional analyses of sub-
populations are necessary for improving understanding of program interventions and
identifying areas where systems of exclusion may continue to harm students from mi-
noritized backgrounds. We provide recommendations for future quantitative program
evaluation practices and research in science, technology, engineering, mathematics, and
medicine (STEMM) equity efforts.
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INTRODUCTION AND PURPOSE
Program evaluation of science, technology, engineering, mathematics, and medicine
(STEMM) intervention programs are a growing priority for STEMM education and
workforce development initiatives (Mertens and Hopson, 2006). National efforts
aimed at enhancing the scientific workforce from agencies such as the National Sci-
ence Foundation (NSF) and National Institutes of Health (NIH) have recently shifted
toward a greater emphasis on social science research to study “what works,” “for
whom,” “why,” and “how” regarding STEMM intervention programs (Tsui, 2007;
Gibbs et al., 2022; Maccalla et al., 2022). To this end, funding agencies are driving
efforts to enhance the evaluation of STEMM equity initiatives aimed at “enhancing
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diversity,” “broadening participation,” and/or “ending struc-
tural racism” (Collins et al., 2021).
In 2014, the NIH launched Enhancing the Diversity of the

NIH-Funded Workforce, also known as the Diversity Program
Consortium (DPC), a national collaborative consisting of the
Building Infrastructure Leading to Diversity (BUILD) initia-
tive and the Coordination and Evaluation Center (CEC), de-
signed to develop, implement, assess, and disseminate effec-
tive and innovative approaches to mentoring and research
training for students, faculty, and institutions (National Insti-
tute of General Medical Sciences (NIGMS, n.d.)). This study
focuses on the BUILD initiative, which consists of 10 awardee
sites (seven minority-serving institutions) at 11 universities
across the United States. By implementing and evaluating ef-
fective approaches to improve training and mentoring across
all the awardee sites, the program aims to have a signifi-
cant impact on the participation and persistence of individuals
from diverse backgrounds throughout the biomedical research
pathway.

There are several epistemological and methodological chal-
lenges to evaluating programs where enhancing diversity is
an aim. First, STEMM program evaluation involves interdis-
ciplinary collaboration among scientists, social scientists, and
program evaluators, with each field having various norms, val-
ues, and training methods that place emphasis on various epis-
temologies and methodologies for knowledge development
(Mertens, 1999; Katzenmeyer and Lawrenz, 2006). Second,
traditional program evaluation tends to focus on “what works”
for most participants, which can decenter the experiences of
participants from minoritized groups. For example, normative
evaluation consists of assessing one’s performance compared
with other individuals. In practice, this can often prioritize us-
ing advanced statistical procedures to calculate a treatment
effect (aggregated) over the nuanced analyses of treatment
effects on marginalized subgroups (disaggregated). Another
challenge is epistemology: the positivist paradigm prevalent in
science has been criticized for assuming neutrality and objec-
tivity, contributing to faulty interpretations of analyses with-
out deep consideration for how power can shape a study’s
questions, design, and interpretation of results. Resultingly,
program evaluators face pressure to report results regarding
the extent to which an intervention worked (Morris and Clark,
2013) through measures and interpretations deemed objective
and impartial, leading to a hasty interpretation that a program
works the same for all participants in all contexts. Lastly, pro-
gram evaluation might emphasize positive outcomes rather
than emphasizing how racism, sexism, or other axes of op-
pression shape study results and efforts toward social change
(Stage, 2007; Covarrubias and Velez, 2013; Sablan, 2019;
Tabron and Thomas, 2023).

Without a critical lens applied to all steps of the study
(Suzuki et al., 2021), an evaluation can fall short of identify-
ing key findings that reveal structural challenges and provide a
nuanced understanding of the differential outcomes and how
sociopolitical contexts shape such outcomes. Thus, we propose
program evaluation activities that leverage critical epistemolo-
gies and methods to advance research findings and develop
methods of “knowing” that might be more accurate and better
aligned with improving the outcomes for marginalized groups
(Mertens, 1999), and thus more likely to truly enhance partic-

ipation and persistence of individuals from underrepresented
groups. We provide an example of a critical paradigm-driven
approach (Stage and Wells, 2014; Garcia et al., 2018; Maass
et al., 2018) to evaluate STEMM intervention programs and
describe instances throughout this study to illustrate how a
critical evaluation approach is distinct from typical normative
and positivist approaches to program evaluation.

This evaluation examined the BUILD initiative, a national
biomedical program within the larger NIH-funded DPC. We
employed quantitative, longitudinal student survey data from
the Enhance Diversity Study, a nationwide evaluation of the
10 NIH-funded BUILD sites, to examine changes in undergrad-
uates’ research self-efficacy (RSE), with a particular focus on
Women of Color (WOC). Our rationale for focusing on WOC in
STEMM is that they are often decentered when analyses focus
on aggregate treatment effects for race and gender separately
(Bowleg, 2008) or only named implicitly rather than “mak-
ing raced women visible” (Miles et al., 2022, p.230). While
their representation in biomedical disciplines has increased
over the past decades, increased participation does not mean
equal outcomes or better experiences while on a STEMM train-
ing trajectory (McGee and Robinson, 2020). Prior research
demonstrated a strong positive effect of BUILD participation
on RSE (Cobian et al., 2021; Crespi and Cobian, 2022). This
study addresses an important and unanswered equity-focused
evaluation question, “for whom does BUILD work?” (Maccalla
et al., 2022), and how racism and other systems of marginal-
ization may be operating and shaping outcomes for WOC.

This study addresses the following evaluation questions:

1. Are there differences in RSE at college entry (i.e., at base-
line) across Gender and Racial Ethnic groups for students
at BUILD institutions?

2. Is there a differential effect of the BUILD Scholars program
on RSE for undergraduate WOC biomedical majors?

3. Is there a differential effect of participating in BUILD novel
curriculum for undergraduate WOC biomedical majors?

LITERATURE REVIEW AND THEORETICAL FRAMEWORK
WOC in STEMM
Despite efforts to broaden the diversity of groups historically
underrepresented in science, WOC are still numerically under-
represented in several STEMM fields (Williams, 2014; McGee
et al., 2021). WOC remain almost invisible in fields such as
computer science and engineering (Mack, Rankins, and Wood-
son, 2013; National Research Council, 2010). While their par-
ticipation in biological sciences and health sciences has in-
creased in the past three decades, in 2022 only 11.3% of
all U.S. citizens and permanent resident doctoral students in
science, engineering, and health were WOC, compared with
White women (18.1%), Men of Color (21.2%), and White men
(36.1%), indicating the gaps in participation by race and gen-
der (National Center for Science and Engineering Statistics,
2022). Regarding their experiences along their STEM train-
ing and career paths, WOC in STEMM experience isolation
(Ong et al., 2011) and stereotype threat (Collins et al., 2020).
WOC continue to be underrepresented in R01 research grants
(Ginther et al., 2016); a study of the probability of being
awarded an R01 grant from the NIH between 2000 and 2006,
Asian and Black women PhDs were significantly less likely to
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receive grant funding than White women and men (Ginther
et al., 2016). WOCs are further marginalized in their research
impact and, thus, research career advancement (Kozlowski et
al., 2022). These disparities are critical on their own, but es-
pecially urgent to address considering that WOC are expected
to become the majority of the U.S. population of women by
the year 2060 (Catalyst, 2023; United States Census Bureau,
2017).

Scholarship on WOC shows how representation is shaped
by power structures and norms that create additional barriers
that WOC must face in comparison to White women or men
of color. WOC experience raced- and gendered-interactions in
White-men-normed STEMM environments, which can add ad-
ditional stress. For example, in a study of STEMM doctoral
students from diverse racial and ethnic backgrounds, the com-
pound effect of stressors took a psychological toll that influ-
enced their decisions to remain in STEMM fields (Wilkins-Yel
et al., 2022). Indeed, experiences of discrimination, racialized
and gendered pressure to succeed, stereotype threat (Collins
et al., 2020), and isolation experienced by WOC in STEMM
point to the utility of Intersectionality as a framework for un-
derstanding how power structures operate and uniquely shape
both the psychological and material experiences and outcomes
for WOC.

QuantCrit and Intersectionality as Key Frameworks
Derived from Critical Race Theory (CRT), QuantCrit is a
methodological subfield that emerged from Critical Race Stud-
ies in Education to advance quantitative research for racial
justice (Garcia et al., 2018; Castillo and Babb, 2024). Where
quantitative research is often described as positivist or post-
positivist (i.e., assuming truth is objective), QuantCrit schol-
arship seeks to imagine and rectify assumptions of objectivity
in quantitative research methods by employing a critical onto-
logical and epistemological stance (Garcia et al., 2018, 2023;
Gillborn et al., 2018; Sablan, 2019). There are five principles
of QuantCrit: 1) the centrality of racism; 2) numbers are not
neutral; 3) categories are not natural; 4) voice and insight
(positing that data cannot ‘speak for itself”), and critical anal-
yses must be informed by experiential knowledge of marginal-
ized groups; and 5) orientation toward social justice (Garcia
et al., 2018; Gillborn et al., 2018), employed throughout the
research process (Suzuki et al., 2021).

Intersectionality is a framework concerned with how sys-
tems of oppression intertwine and influence individuals’ life
experiences and opportunities (Combahee River Collective,
2014; Crenshaw, 1991; Collins and Bilge, 2016). Consider-
ing STEMM interventions aimed at enhancing participation in
the STEMM workforce, Intersectionality places increased at-
tention on the barriers to science that WOC encounter rather
than the individual attributes that predispose individual WOC
to persist (Collins and Bilge, 2016). Moreover, an Intersection-
ality framework shifts the interpretation of a study to discuss
how systems of power might be shaping the results. For exam-
ple, López and colleagues (2018) utilized interaction terms
to analyze outcomes at the intersections of race, gender, and
class, which revealed differential outcomes in 6-year postsec-
ondary college graduation rates. They interpreted their anal-
ysis as modeling social locations as a relational social status
in society to reveal the complexity of educational disparities.

Also employing intersectionality, Ovink et al. (2024) exam-
ined students’ race/ethnicity, gender, and academic major to
understand how one’s social locations (and thus, relations to
systems of oppression) were related to academic and social be-
longing. Both studies emphasize that their results should not
be used to justify racial stratification but to uncover system-
atized exclusion and aspire toward social justice (Collins and
Bilge, 2016).

A QuantCrit Approach to Program Evaluation
Program evaluation is a systematic inquiry used to ascer-
tain the merit or worth of a program or intervention (Alkin
and Vo, 2018). Distinct from traditional research, evaluation
is bounded within a specific context, with the focus of in-
quiry being driven by clients, funders, and interested par-
ties, with the explicit intention to use findings for decision-
making (Alkin and Vo, 2018). Summative evaluation, which
is outcome-focused, helps funders decide whether a program
has successfully achieved its stated goals (i.e., “Did it work?”)
(Alkin and Vo, 2018). Impact evaluation is a term used to de-
scribe a methodological approach to determining whether the
observed changes in desired outcomes can be attributed to the
program or intervention being evaluated (Rogers, 2014).

One critique of impact evaluation is the tendency to mask
nuanced experiences in favor of analyses that determine
whether an intervention “works” or not. These longitudinal
studies often favor (quasi)experimental designs, larger sam-
ple sizes, and statistical power but ignore the fact that aver-
ages can mask within-group differences and inequities. While
impact evaluation can inform programmatic decisions, look-
ing only at high-level outcomes can have potentially nega-
tive consequences for individuals who might not truly bene-
fit, or benefit differently, from the intervention. While there is
some guidance on implementing QuantCrit in research stud-
ies (Milner 2007; Suzuki et al., 2021; Castillo and Gillborn,
2023), little exists on how to do so in a large-scale evalua-
tion study. A longitudinal quantitative study design that looks
at “for whom” and “under what contexts” advances evalua-
tion and aligns with tenets of QuantCrit and Intersectionality,
which seek to look beyond individuals’ identities by examining
power structures that might contribute to outcomes.

A QuantCrit approach to program evaluation differs be-
cause it employs a critical lens that guides the evaluation
questions, analytic approaches, and interpretation of findings.
Evaluators ask questions about themselves, each other, and
the data, establishing a critical sensibility in the work (Milner,
2007; Castillo and Gillborn, 2023). Suzuki et al. (2021) de-
scribed three “moments” of the research process and how
researchers can apply QuantCrit principles within them. We
employed these critical reflection moments and expand by
proposing an additional “moment” that is unique to the pro-
gram evaluation process.

In the first “moment” of developing research questions and
variables (Suzuki et al., 2021), it is important to frame guid-
ing questions from an asset-based perspective, shifting the fo-
cus from the individuals in the study (i.e., WOC) to the system
(i.e., BUILD program, institution, and/or broader biomedical
research training culture in the United States) (Milner, 2007;
Castillo and Gillborn, 2023). For example, the guiding evalu-
ation questions for this study focus on the differential effects
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of the BUILD program for WOC rather than disparities in RSE
outcomes attributed to WOC in BUILD. Using guiding frame-
works such as CRT and Intersectionality is an additional way
to apply QuantCrit principles in this “moment.”

In the second “moment” of determining the role of race in
analytic models, we deliberated at great length about how to
QuantCrit within a pre-existing evaluation project focused on
equity-driven evaluation rather than QuantCrit. We addressed
the reality of racism operating through decisions made about
variable creation, modeling decisions, and statistical analyses
that aimed to “deracialize” (Suzuki et al., 2021). A QuantCrit
approach requires awareness of and attention to issues, poli-
cies, and practices that have served to oppress certain groups
in the United States, particularly in STEMM education, which
guides us toward the choice of variables and how they might
be included in our models.

Model selection is important in this second “moment”
(Suzuki et al., 2021; Castillo and Gillborn, 2023). Quantita-
tive approaches that test the impact of a program on an out-
come can inadvertently obscure the role of Intersectionality
and thus promote and reinforce faulty assumptions about mul-
tiple marginalized groups (Pearson et al., 2022). For example,
in regression analyses, researchers may control for underrep-
resented identities of interest, such as race/ethnicity, gender,
disability status, etc., to account for differences in social iden-
tities or experiences of individuals in the sample. While race
and ethnicity, as well as gender, might technically be added
as variables in a regression model, individual aspects of iden-
tity are at best reduced one by one into mutually exclusive
dichotomous variables, with each comparison being made to
a single reference group with power (e.g., Black vs. White;
women vs. men), or at worst, and often with small sample
sizes, into gross binary race groups (e.g., White vs. non-White)
categories which can perpetuate racist narratives (Suzuki et
al., 2021). To address this challenge, a QuantCrit approach
utilizes statistical methods from a critical standpoint that in-
terrogates power structures. Instead of an interpretation that
explains how a model controlled for race and gender, the inter-
pretation of the model is about utilizing the variables and sam-
ple to statistically understand the extent to which racism and
sexism might be revealed by differential outcomes. In other
words, including a race variable in a model comes with the
assumption that race is important to examine because racism
is a persistent and pervasive part of society. A QuantCrit ap-
proach focused on Intersectionality must also allow for mul-
tiple and layered race and ethnicity group comparisons hap-
pening simultaneously, which may more closely mirror partici-
pants’ self-identification and lived experience (i.e., developing
models that account for one’s race and gender simultaneously
rather than separately).

QuantCrit aims to rectify how quantitative methods might
be conducted and interpreted. To study whether BUILD ac-
tivities differentially impacted WOC, we use the propensity
score approach to create similar treatment/control groups.
One of the challenges when studying the impact of an inter-
vention includes working with small sample sizes (often prob-
lematic for sexual and gender minority variables and small or
hard-to-reach populations), unbalanced treatment and control
groups, and unequal variances between groups. These chal-
lenges shape what we can study regarding groups historically

excluded from full participation and success in STEMM. In-
deed, Gelman and Hill (2006) note:

When treatment and control groups are unbalanced, the
simple comparison of group averages, ȳ1 − ȳ0, is not gener-
ally a good estimate of the average treatment effect (ATE).
Instead, some analysis must be performed to adjust for pre-
treatment differences between the groups. … When treat-
ment and control groups do not completely overlap, the
data are inherently limited in what they can tell us about
treatment effects in the regions of nonoverlap. No amount
of adjustment can create direct treatment/control compar-
isons, and one must either restrict inferences to the region
of overlap or rely on a model to extrapolate outside this re-
gion. (p. 199).

Thus, balancing groups on multiple baseline covariates to
create one propensity score helps create similar treatment and
control groups to examine the effect of an intervention. It is
worth noting that the selection of covariates should be chosen
with care and deliberation in the process of critical inquiry,
thereby acknowledging the engrained nature of racism in the
fabric of society, even in the variables we may be controlling
for (Castillo and Gillborn, 2023).

The third “moment” calls for interpreting results through
a critical framework (Suzuki et al., 2021). An impact evalua-
tion from a positivist lens might faultily interpret the results
of inferential models such that low-income “x” race/ethnicity
students are more or less likely to score higher/lower on an
outcome variable. However, a QuantCrit analysis in an evalu-
ation would carefully contextualize the data and understand
what structures, systems, policies, and practices are shaping
the outcomes, not the other way around.

Overall, a QuantCrit approach to evaluation differs from
a positivist quantitative study in its critical epistemological
stance, focusing on anti-racism in its design, conceptualiza-
tion of variables, analytical decisions, interpretation of results,
and sharing these results with program facilitators and fun-
ders (Mertens, 1999; Castillo and Gillborn, 2023; Suzuki et
al., 2021). In the results section, we use the frameworks of
QuantCrit and Intersectionality to make sense of the find-
ings. The discussion and implications section details how pro-
gram evaluation, with its prioritization of using findings for
decision-making, uniquely lends itself to an additional fourth
QuantCrit “moment.”

The BUILD Initiative
BUILD programs implement and study various approaches
to engage and retain students from diverse backgrounds in
biomedical research National Institute of General Medical
Sciences (NIGMS, n.d.). Eligibility for the BUILD award in-
cluded having a student population with at least 25% Pell
Grant recipients and fewer than $7.5 million in total NIH
research grant funding (National Institute of General Med-
ical Sciences (NIGMS, n.d.). The BUILD programs are situ-
ated within each awardee site’s unique institutional context
(Cobian et al., 2024), which is situated within the broader
context of postsecondary STEMM training. Each of these lev-
els is part of the sociopolitical-cultural context where multiple
systems of power operate and shape outcomes for individuals.
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Considering the context, criteria for BUILD likely narrowed
the pool of applicant institutions to those with a large pro-
portion of Pell Grant recipients and historically little invest-
ment from NIH research grant funding. Often, these institu-
tions serve an economically and racially diverse undergrad-
uate population. Indeed, seven of the BUILD awardees are
minority-serving institutions (Cobian et al., 2024.

BUILD Scholars. While each BUILD award is uniquely imple-
mented at each institution, in this study, students intensely
involved in these programs are referred to as BUILD Scholars,
that is, those who participated in these programs as Schol-
ars and/or Associates. They often receive tuition support or
a stipend, research training, Undergraduate Research Experi-
ences (URE), academic and professional development oppor-
tunities, a learning community, and mentorship. Some BUILD-
related activities are compulsory, while others are optional.
Some are available only to Scholars and Associates, and oth-
ers are open access (i.e., accessible to all undergraduate stu-
dents). Over 2000 students have been enrolled in BUILD as
Scholars and/or Associates.

BUILD Novel Biomedical Curriculum. One such open-access
opportunity takes place through Novel Curriculum, which in-
cludes over 125 newly designed or revamped courses across
the 10 BUILD sites geared to increase student engagement in
biomedical sciences. Originally BUILD-sponsored and now in-
stitutionalized, these courses serve to increase and sustain the
reach and impact of programming. The BUILD sites proposed
and implemented a variety of curricular changes in STEMM
departments (Goodwin et al., 2021; Guerard and Hayes, 2018;
Urizar and Miller, 2022). For example, the BUILD program
based at the University of Texas at El Paso (UTEP) developed
the Freshman Year Research Intensive Sequence (FYRIS), a
multicourse sequence that integrated URE into the curricu-
lum for first-year students (Echegoyen et al., 2019; McCabe
and Olimpo, 2020; Leyser-Whalen and Monteblanco, 2022).
The University of Maryland, Baltimore County BUILD pro-
gram developed a Course-based Undergraduate Research Ex-
perience (CURE) in addition to an online badge program (Ott
et al., 2020). The BUILD program at the University of Detroit
Mercy developed a CURE metagenomics course in the win-
ter of 2019, where students investigated the bacterial com-
munity composition at a local lake and reported gaining au-
thentic research experience (Baker et al., 2021). The national
evaluation of the BUILD programs included tracking students
who participated in novel curricula developed or revamped by
BUILD. Over 10,000 students have enrolled in these courses
across the BUILD sites.

Reforming outdated and ineffective curricula in STEMM
disciplines has been an ongoing strategy in national efforts
to broaden diversity in STEM[M] (AAU, 2013; AAC&U, 2023;
Mack et al., 2019; Talanquer, 2014). For example, the AAC&U
established Project Kaleidoscope in 1989 and Teaching to In-
crease Diversity and Equity in STEM (TIDES) in 2014 to
transform STEM[M] teaching and learning in higher educa-
tion. Discipline-based education research (DBER) (National
Research Council, 2012) has also expanded over the past two
decades. Such efforts to address STEMM disparities via cur-
riculum matter because they are revolutionizing not only what

is being taught but how it is being taught by looking at efforts
to engage an increasingly diverse student population. How-
ever, little is also known about whether these efforts, despite
aims to improve learning for every student, are leading to sim-
ilar outcomes for all groups of students. Thus, critical exam-
ination of a novel curriculum is warranted. The BUILD eval-
uation has been described as an equity-focused impact eval-
uation (Guerrero et al., 2022; Maccalla et al., 2022) because
of its focus on determining programmatic effects on clearly
defined outcomes (e.g., RSE) for diverse and often underrep-
resented groups (i.e., women, specific racial/ethnic groups,
persons with disabilities) in biomedical fields (Maccalla et al.,
2023).1 Employing Intersectionality as an analytic lens, we ex-
amine the differential impact of two program features: the
BUILD Scholars and BUILD novel curricula. A systematic re-
view of the literature on WOC in STEMM noted the need for
national quantitative longitudinal studies (Ong et al., 2011).
Thus, we focus on WOC in STEMM to demonstrate how a
QuantCrit approach can center on certain marginalized groups
to gain a deeper understanding that can inform how to trans-
form programs and conditions that contribute to disparities.

Critically Examining RSE
Derived from psychology, self-efficacy is concerned with one’s
judgment of one’s competence in a domain (Bandura, 1977).
RSE is conceptualized as the belief in one’s ability to conduct
research, an important skill for individuals who aspire to pur-
sue STEMM-related careers. Self-efficacy is an increasingly im-
portant part of career readiness assessment (Betz and Borgen,
2000), including efforts to understand career development
in science-related fields (Diversity Program Consortium, n.d.;
Forester et al., 2004). Evidence suggests that interventions
that aim to enhance students’ identity as scientists and their
RSE have the potential to support retention on a science career
pathway (Mullikin et al., 2007; Maton et al., 2016) and predict
aspirations for a research career (Adedokun et al., 2013). Dis-
parities in self-efficacy, such as women reporting lower RSE
than men, are also documented (Gibbs et al., 2015). Lastly,
RSE is a useful measure of understanding the extent to which
science training interventions sustain individuals’ interest in
science-related research careers, particularly those from un-
derrepresented groups (Bakken et al., 2010). One study found
that brief educational interventions can increase biomedical
RSE for WOC compared with White women students (Bakken,
et al., 2010). However, less is known about program activities
sustained over weeks or months or when program activities
focus on improving the science curriculum. With an improved
science course curriculum, the implicit hypothesis is that in-
creased active learning strategies and research-related activi-
ties embedded in revamped or newly developed courses will
increase RSE.

The four key sources of self-efficacy were originally theo-
rized as mastery experience to develop skills, vicarious expe-
riences (comparing one’s experiences to others), verbal per-
suasion (encouragement or discouragement from others), and
physiological feedback (self-perceptions of one’s physical and

1For a complete understanding of how equity-based evaluation frameworks
shaped the Enhance Diversity Study, please see p. 14 of (Guerrero et al., 2022).
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emotional cues) (Bandura, 1977). Additionally, Usher and Pa-
jares (2008) suggest that while mastery experience is a promi-
nent source of self-efficacy, the strength and influence of the
sources differ depending on contextual factors such as gen-
der, race/ethnicity, academic ability, and domain. Consider-
ing Intersectionality, examining students’ perceptions of self-
efficacy can help connect and unpack how socialization in a
biomedical initiative may have a differential impact on groups
based on their social position in hierarchies within society. In
other words, self-perceptions of WOC are shaped by struc-
tural conditions. In a qualitative study of women in science
and mathematics-related careers, Zeldin and Pajares (2000)
found that vicarious experiences and verbal persuasions were
instrumental sources for the development and maintenance
of self-efficacy beliefs and that these beliefs are nourished by
the relationships in women’s lives and by the confidence that
significant others express in their abilities. The study was lim-
ited to mostly White women already working in their STEMM
careers. The present study is distinct in that it aims to mea-
sure the extent of differences in self-perceptions (i.e., RSE)
for WOC undergraduates and interprets statistical differences
as an indicator of how structural barriers shape differential
patterns for WOC rather than differences attributed to indi-
viduals’ cultural capital.

The CEC led efforts identified key outcomes of interest
at critical training and career transition points; these out-
comes are referred to as Hallmarks of Success (McCreath et
al., 2017) and include the development of RSE for under-
graduate students (Cobian, 2019). Prior studies of BUILD sites
demonstrated a strong positive effect of BUILD on RSE for
first-year students (Cobian et al., 2021; Crespi and Cobian,
2022) but did not examine outcomes for individuals’ social
locations with respect to race/ethnicity and gender identity.
Syed et al. (2019) employed path analysis and found that self-
efficacy affected science identity, with both affecting commit-
ment to a science career, with no major differences by gender
or race/ethnicity. Using data from the BUILD sites, we quan-
titatively examined RSE for WOC biomedical undergraduates,
with particular interest in any differences for WOC who partic-
ipated in BUILD activities such as the intensive BUILD Scholars
program or BUILD-developed novel STEMM curriculum.

MATERIALS AND METHODS
Data Sources and Sample
We utilized a longitudinal survey dataset collected by the En-
hance Diversity Study from the 10 BUILD programs at the
11 universities. The data are comprised of three survey in-
struments: the Higher Education Research Institute’s (HERI)
Freshman Survey (TFS), the Student Annual Follow-up Sur-
veys (SAFS), and the HERI’s College Senior Survey (CSS).
The TFS collects baseline data on incoming first-time, first-
year students. The TFS asks about student’s precollege atti-
tudes, perceptions, beliefs, and demographic data. The data
includes four TFS administrations in the Fall of 2016, 2017,
2018, and 2019. The SAFS, developed by the CEC, is admin-
istered each spring starting in 2017. As a follow-up to the
TFS, the SAFS collects students’ perceptions and views on var-
ious educational and career goals and asks about college ex-
periences. The dataset includes SAFS data from Spring 2017

TABLE 1. Sample sizes for student’s race/ethnicity and gender by
BUILD participation at baseline

BUILD Students
(n = 1122)

Non-BUILD
Students

(n = 6128)

Variables n % n %

Race/Ethnicitya

AIAN 41 3.65 155 2.53
Asian American 191 17.04 1500 24.51
Black/AA 556 49.59 1024 16.73
Latine 238 21.23 1749 29.00
NHPI 7 0.62 87 1.42
White 309 27.56 2460 40.19

Gender
Women 853 76.02 4054 66.18
Men 255 22.64 2000 32.65
Non-Binary 15 1.34 71 1.16
AIAN Women 33 3.00 111 2.00
Asian American Women 138 12.30 939 15.32
Black/AA Women 450 40.11 735 12.00
Latine Women 189 16.84 1209 19.73
NHPI Women 5 0.45 61 1.00
White Women 212 18.89 1602 26.14

Note. BUILD students are those who participated as Scholars, Associates, and in
Novel Curricula.
Abbreviations: AIAN = American Indian and/or Alaska Native; NHPI = Native
Hawaiian and Pacific Islander.
aRace/ethnicity percentage distributions are inclusive of all races and/or ethnic-
ities selected; therefore, total percentages exceed 100%, given respondents can
select all that apply.

to Spring 2022. Finally, graduating seniors complete the CSS
(years 2018 through 2022 are included), which focuses on
a broad range of college outcomes (e.g., academic achieve-
ment, satisfaction with college experience) and postcollege
goals and plans. We merged the survey data with the BUILD
program participation data to help us distinguish the students
who participated in BUILD from those who did not participate
in BUILD.

Our sample of 7250 students comprises four cohorts of
first-year undergraduate students (2016–2019) who com-
pleted at least one follow-up survey (SAFS or CSS). The
number of follow-up surveys for students ranges from one
follow-up (32% of students) to five follow-up surveys (only
3% of students). Racial/ethnic and gender distributions for
BUILD (1122) and non-BUILD students (6128) are depicted in
Table 1. Among the 1122 BUILD students, 501 students par-
ticipated only as Scholars and/or Associates (44%), and 919
(81%) students completed only the Novel Curriculum courses
within BUILD sites. Demographic distributions for BUILD and
non-BUILD students differ slightly, with 50% of BUILD stu-
dents identifying as Black (17% for non-BUILD) and 21% as
Latine (29% non-BUILD). Each sample is comprised of a larger
proportion of women (76% BUILD and 66% non-BUILD) than
men or nonbinary individuals. Among the BUILD students,
3% identified as American Indian and Alaska Native (AIAN)
women, 12% identified as Asian American women, 40% iden-
tified as Black/African American women, 17% identified as
Latine women, 0.45% identified as NHPI women, and 19%
identified as White women.
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Variables
Dependent Variable: RSE. The dependent variable, RSE, is
measured using a six-item scale that asks students about the
extent to which they could complete the following tasks: 1)
Use technical science skills, 2) Generate a research question,
3) Determine how to collect appropriate data, 4) Explain the
results of a study, 5) Use scientific literature to guide research,
and 6) Integrate results from multiple studies. Responses are
on a 5-point Likert scale ranging from “not confident at all”
to “absolutely confident.” The item response theory (IRT)
scaled score2 of students’ RSE is constructed using the graded-
response model item parameters obtained from a national
sample of the TFS 2016 survey from HERI. Using these item
parameters, we constructed the Expected-A-Posterior (EAP)
scores for the entire sample using the six items. For ease of
interpretation of the score and to avoid negative RSE scores,
we rescaled the score to have a mean of 50 and a SD of 10.
RES scores range from 19.35 to 70.86 for the entire sample.
We assessed the psychometric properties of this scale using the
six items and conducted a differential item functioning anal-
ysis to ensure the scale functions similarly for all subgroups.
This set of analyses allows us to conclude that the differences
with respect to the outcome in the regression models when
studying the differential impacts of BUILD on WOC are likely
to be the true differences rather than a consequence of any
measurement bias in the outcome.

Treatment Variable (BUILD Participation). We operational-
ized participation in BUILD by using the broadest definition
of program engagement as our key treatment variable, which
included Scholars, Associates, and those who participated in
courses considered Novel Curriculum. BUILD Scholars are the
most “intensely” treated and supported group of students,
while Associates generally participate in a subset of BUILD ac-
tivities (see Maccalla et al., 2022, p. 61). Novel Curriculum is
the most widely available aspect of the BUILD program (i.e.,
open-access undergraduate courses) and includes the largest
proportion of undergraduate students at each BUILD site.

For our current analyses, we defined BUILD participation
in two ways. First, we created an indicator variable for BUILD
Scholars, which took a value of “1” for those who participated
as Scholar and/or Associate and a value of “0” otherwise. Sec-
ond, we created an indicator variable for BUILD Novel, which
took a value of “1” for those who completed a course identified
as Novel Curriculum and a value of “0” otherwise.

Cohorts of students have been admitted each academic
year since the start of BUILD in 2015. Most students enter
BUILD between June and August of each academic year to
participate in the TFS, which closes in October. For the longi-
tudinal analysis, we created a time-varying BUILD Now vari-
able that indicated whether or not a student had been admit-
ted to the BUILD program as a Scholar or Associate as of the
time that they took a given survey; that is, BUILD Now takes
a value of “1” at the time a student is admitted to the pro-
gram and remains “1” thereafter. BUILD Now remains “0” for
students never admitted to the BUILD program. This is useful
because students enter the BUILD programs at different times

2Please refer to Thissen and Orlando (2001) for more details.

of the year, and a time-varying variable helps us correctly cap-
ture the students affiliated with BUILD at a particular time.
Similarly, we created a Novel Now variable, which allows us to
correctly capture the students who took the BUILD-developed
courses at times prior to their final reported RSE score.

Additional Explanatory Variables. We included additional
variables at baseline in our propensity score model, includ-
ing Pell Grant awardee status, first-generation college student
status (neither parent nor guardian graduated college), high
school grades, and incoming RSE. We also controlled for the
ten BUILD programs. We recognize that these categories shape
material outcomes for individuals: thus, we acknowledge and
account for the evidence-based knowledge about barriers that
low-income and first-generation college students encounter in
postsecondary education.

Gender and Race/Ethnicity. Students provided self-reported in-
formation about their gender identity and racial and ethnic
identity. We recognize that racial and ethnic categories do not
simply describe or categorize women but aim to model how
women college students’ experiences are shaped by multiple
systems of oppression (i.e., racism and sexism) in STEMM
disciplines (Bowleg, 2008; Wong-Campbell and Ramrakhiani
2024).

We created six groups, as listed in Table 1. Women include
cisgender and transwomen. To code race and ethnicity, we
took a unique approach that aimed to account for students’
multiracial identities, instead creating indicator variables with
“1” indicating their self-reported racial and ethnic identity and
“0” indicating they are not part of that race/ethnic group. For
example, a multiracial Black and Asian American cisgender
woman was coded as “1” for the Women variable and coded
as “1” for Black and “1” for Asian American. Thus, our re-
gression models do not force students into one discrete cat-
egory for race/ethnicity. This is important for accounting for
students’ multiple self-reported racial/ethnic identities rather
than the evaluator potentially erasing or masking students’
voices as represented by their selections. Intersectionality ac-
knowledges that power structures can operate on a group
even when not numerically underrepresented. For example,
while some STEMM equity efforts focus on groups deemed
numerically underrepresented in STEMM (National Institutes
of Health [NIH], 2019), we chose to include Asian American
WOC, whose experiences are often not discussed in STEMM
diversity efforts (Cobian et al., 2022) yet still are negatively
impacted by gendered racism.

Research Experience. The research experience variable comprises
student responses to items from both CSS (“Since entering col-
lege, have you participated in an undergraduate research pro-
gram?”) and SAFS (“In the past 12 months, have you had any
opportunity to conduct your own scientific research or to partic-
ipate in scientific research directed by others?”) surveys. Using
these items, we created an indicator variable for research ex-
perience, which takes on a value of “1” for all students who re-
sponded “Yes” to either of these items and “0” if the response
is “No” to both. Another CSS item asks students, “How many
months since entering college (including summer), did you work
on a professor’s research project?” (response options include
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0 months, 1–3 months, 4–6 months, 7–12 months, 13–24
months, and 25+ months). Students who indicated a nonzero
number of months to this item were also coded as “1.”

Analyses
To examine the differences in RSE scores across gender and
race/ethnicity groups for BUILD-related activities, we con-
ducted a series of analyses. First, we analyzed the data using
descriptive statistics (RSE mean and SD) at college entry (i.e.,
baseline) and the percentage of students by subgroups in the
sample. Next, we examined whether the BUILD Scholars and
broader BUILD Novel Curriculum activities worked differently
for WOC groups.

Propensity Score Matching. We used a propensity score ap-
proach to account for the selection bias between the BUILD
students and those who did not participate in the BUILD pro-
grams (non-BUILD students). Note, for the propensity score
matching, we employed a broad definition of BUILD, which in-
cluded all biomedical undergraduates who were either BUILD
Scholars and/or participated in the BUILD-developed novel
curricula. The propensity score is a probabilistic score that
is a scalar summary comprising all the key observed covari-
ates that one could match on (Rosenbaum and Rubin, 1985).
These scores allow us to create groups of students in treatment
(BUILD) and control (non-BUILD) conditions who are simi-
lar on all key covariates so that the sample distributions are
identical across groups (Rosenbaum and Rubin, 1985), thus
reducing the confounding effects (Stuart, 2010). Lastly, less
than 5% of data were missing across gender and racial/ethnic
groups. All missing cases were listwise deleted, and complete
cases were retained for propensity score matching and the fi-
nal outcome models.

First, we conducted a propensity score estimation using
the MatchIt package in R (R Core team, 2022). We used the
full matching approach where every student in the treatment
group is matched to at least one student in the control group,
and every student in the control group is matched to at least
one student in treatment (Hansen, 2004; Stuart and Green,
2008). For the propensity score estimation model, the out-
come variable was a binary indicator variable of whether the
student had ever participated in the BUILD program. The addi-
tional covariates were measured prior to treatment (see Sup-
plemental Table SA1 in the appendix for a list of covariates).
We included the RSE score at baseline as a pretest variable
to account for students’ incoming RSE. We estimated the ATE,
which is the potential effect of the treatment on the entire
population (Guo and Fraser, 2014).

After matching on key covariates, we examined the covari-
ate balance by assessing the density plots, balance tables, and
the quality of the match by checking whether any students
were unmatched. The balance plot (see Figure 2) summarizes
the balance across the covariates using the Absolute Standard-
ized Mean Difference (SMD). The SMD is the difference in the
means of each covariate between treatment groups standard-
ized by a factor that is on the same scale for all covariates. The
standardization factor is the SD of the covariate in the pooled
SD across both groups when using the ATE estimand. An abso-
lute SMD close to 0 indicates a good balance. Recommended
absolute values are those less than 0.1 (Greifer, 2022).

Outcome Models. Second, we fit a series of multiple regres-
sion models with the outcome in the dataset to examine the
treatment (i.e., intervention) effects of BUILD activities and
their impact on RSE for WOC. A key feature of our QuantCrit
analytic approach is that we fit a different outcome model for
every racial and ethnic group of women. Considering the lon-
gitudinal nature of the surveys, the outcome models use each
participant’s RSE score 3 years (after college entry) after the
intervention. We narrowed our analyses to one timepoint post-
intervention for two reasons: First, our goal is to illustrate a
QuantCrit approach in an evaluation setting by focusing on
intersectionality and the effects of BUILD-related activities on
students who have historically been excluded from full partici-
pation in STEMM. Second, we were not focused on the growth
or change of the student’s RSE over time, but instead were
interested in understanding student’s RSE when they are in-
volved in BUILD-related activities and have spent significant
time at their institution while including baseline characteris-
tics at college entry to control for any selection bias.

To examine the differential impact of BUILD activities on
WOC, we fit stepwise multiple regression models for every
racial/ethnic group (e.g., Asian American, Latine, Black/AA)
post-intervention using the total sample of undergraduates. In
other words, we ran regression models one at a time for each
of the racial/ethnic groups as the key variable of interest to
obtain the coefficients for that particular group. This allowed
us to keep the statistical power of the total sample of under-
graduates while still understanding how coefficients changed
for each racial/ethnic group and the interaction terms. This
modeling differs from other regression models where there is
a reference group for the race/ethnicity variable. We included
interactions if we saw a significant main effect for a par-
ticular race/ethnicity group. Variables were included one by
one with ATE weighting after the propensity score estimation.
We included time-varying indicators for BUILD participation—
BUILD Now and Novel Now, as well as the RSE scores at base-
line to account for students’ RSE at college entry. Next, we
added gender, each ethnoracial group, and the Research Ex-
perience variable to account for the influence of URE partic-
ipation on RSE. We added the specific ethnoracial group by
women interaction to model multiple and simultaneous social
locations of race and gender for the WOC subgroups. Lastly,
we added the interactions of the BUILD x WOC to examine
whether BUILD differentially impacted WOC and included the
fixed effects for sites to control for any differences across the
BUILD sites. Due to the large number of models that were fit in
a stepwise fashion across the various racial/ethnic groups, in
Tables 2 and 3, we only present the final model in the stepwise
regression for each racial/ethnic group.

Positionality
We believe critical quantitative research requires self-
reflexivity and transparency (Rios-Aguilar, 2014). An active
and authentic positionality statement acknowledges the cen-
trality of racism in society and allows researchers to explore
and navigate their own connections and biases related to
the work through self-reflexivity (Milner, 2007; Suzuki et al.,
2021; Castillo and Gillborn, 2023). The first author is a South
Asian WOC who earned her bachelor’s and master’s degrees
in physics. Growing up in a society that focused heavily on
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TABLE 2. ATE results for the gender, race/ethnicity, and intersectionality subgroups with RSE as the outcome variable and the
conditional effects of BUILD scholars for WOC

Model for
AIAN (A)

Model for Asian
American (B)

Model for
Black/AA (C)

Model for
Latine (D)

Model for
NHPI (E)

Model for
White (F)

Variables Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)

Intercept 25.26 (0.92)*** 25.48 (0.96)*** 25.7 (0.92)*** 25.25 (0.94)*** 25.41 (0.92)*** 25.00 (0.93)***

RSE at Baseline 0.41 (0.02)*** 0.41 (0.02)*** 0.41 (0.02)*** 0.41 (0.02)*** 0.40 (0.02)*** 0.40 (0.02)***

BUILD Nowa 1.69 (0.58)** 1.52 (0.62)* 1.30 (0.59)* 2.12 (0.60)*** 1.35 (0.58)* 2.15 (0.64)***

Novel Nowb 1.98 (0.60)*** 1.97 (0.60)** 1.84 (0.60)** 1.91 (0.60)** 2.01 (0.60)*** 2.06 (0.60)***

Research Experience 2.82 (0.36)*** 2.82 (0.36)*** 2.81 (0.36)*** 2.83 (0.36)*** 2.78 (0.36)*** 2.85 (0.36)***

Ethnoracial Groupc 5.62 (1.81)** − 0.04 (0.61) − 0.73 (0.76) 0.52 (0.65) 6.03 (1.80)*** 0.94 (0.55)
Women 0.08 (0.34) − 0.08 (0.39) − 0.37 (0.36) 0.12 (0.39) 0.08 (0.34) 0.58 (0.43)
Non-Binary − 0.78 (1.81) − 0.93 (1.81) − 0.72 (1.81) − 0.85 (1.81) − 0.82 (1.80) − 0.77 (1.81)
Ethnoracial Group-Women

Interaction
− 5.26 (2.04)* 0.05 (0.76) 1.37 (0.89) − 0.21 (0.75) − 8.1 (2.49)** − 1.12 (0.69)

Ethnoracial Group-Women-BUILD
Now Interaction

− 4.38 (2.29) 0.46 (1.24) 2.95 (1.35)* − 3.88 (1.27)** 5.63 (2.92) − 2.01 (0.95)*

Note. Each model includes the total sample of students. Each model includes site as a fixed effect.
aBUILD Now refers to Scholar/Associates, a time-varying measure that captures the average effect of BUILD exposure up to the first three timepoints.
bNovel Now refers to students’ exposure to novel curriculum, a time-varying measure.
cEthnoracial Group refers to each of the racial/ethnic subgroup as noted at the top of the columns. For example, the estimate of −5.26 in the first column corresponds
to those who identify as AIAN, and an estimate of −4.38 (last row) corresponds to AIAN women-BUILD interaction.
*p < 0.05, **p < 0.01, and ***p < 0.001.

the caste of a person and less on educational opportunities for
all influenced her research interests to study equity disparities
for historically disadvantaged groups. The second author is a
multiracial cisgender WOC. Early experiences of marginaliza-
tion in math and science throughout her educational trajectory
influenced research interests in identifying systemic barriers
that multiply-marginalized individuals experience in STEMM
education. The third author is a multiracial, nonbinary, first-
generation college student/professional whose experience
with adversity has influenced their social and scholarly com-
mitments to equity. The fourth author is a queer-identified
scholar of evaluation deeply committed to engaging in work
intended to promote social justice and change. As critical re-

searchers, we know well that our experiences and identities
shaped our decisions to center the analyses presented in this
study on women and underrepresented groups, with the goal
of centering and revealing differential experiences of BUILD
students and to develop implications and future directions
for research that counters decades of STEMM mainstream re-
search that has often reproduced class, race, and gender op-
pression (Kincheloe and McLaren, 1994; Stage, 2007).

RESULTS
To answer the first research question, we examined students’
demographic characteristics in the sample (see Table 1). Stu-
dents were asked about RSE in the fall of their first year of

TABLE 3. ATE results for the gender, race/ethnicity, and intersectionality subgroups with RSE as the outcome variable and the
conditional effects of novel curriculum exposure for WOC.

Model for
AIAN (A)

Model for Asian
American (B)

Model for
Black/AA (C)

Model for
Latine (D)

Model for
NHPI (E)

Model for
White (F)

Variables Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)

Intercept 25.29 (0.92)*** 25.43 (0.96)*** 25.7 (0.92)*** 25.24 (0.94)*** 25.4 (0.91)*** 25.15 (0.93)***

RSE at Baseline 0.40 (0.02)*** 0.40 (0.02)*** 0.40 (0.02)*** 0.40 (0.02)*** 0.40 (0.02)*** 0.40 (0.02)***

BUILD Nowa 1.28 (0.58)* 1.35 (0.58)* 1.35 (0.58)* 1.26 (0.58)* 1.20 (0.58)* 1.33 (0.58)*

Novel Nowb 1.84 (0.61)** 1.97 (0.63)** 1.60 (0.65)* 2.29 (0.64)*** 1.68 (0.60)** 1.96 (0.66)**

Research Experience 3.00 (0.36)*** 2.98 (0.36)*** 2.98 (0.36)*** 2.98 (0.36)*** 3.03 (0.36)*** 3.03 (0.36)***

Ethnoracial Groupc 4.14 (1.63)* 0.09 (0.61) -0.52 (0.78) 0.41 (0.64) 6.47 (1.83)*** 0.63 (0.55)
Women 0.21 (0.34) 0.10 (0.39) -0.22 (0.36) 0.26 (0.39) 0.23 (0.34) 0.63 (0.43)
Non-Binary − 0.51 (1.71) − 0.64 (1.71) − 0.41 (1.71) − 0.68 (1.71) − 0.51 (1.7) − 0.64 (1.71)
Ethnoracial Group-Women

Interaction
− 4.59 (2.10)* 0.03 (0.76) 1.59 (0.91) − 0.32 (0.75) − 9.49 (2.42)*** − 1.29 (0.68)

Ethnoracial Group-Women-Novel
Now Interaction

0.84 (2.95) − 0.93 (1.43) 1.15 (1.21) − 2.72 (1.27)* 16.26 (3.64)*** − 0.34 (1.00)

Note. Each model includes the total sample of students. Each model includes site as a fixed effect.
aBUILD Now refers to Scholar/Associates, a time-varying measure that captures the average effect of BUILD exposure up to the first three timepoints.
bNovel Now refers to students’ exposure to novel curriculum, a time-varying measure.
cEthnoracial Group refers to each of the racial/ethnic subgroup as noted at the top of the columns.
*p < 0.05, **p < 0.01, and ***p < 0.001.
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FIGURE 1. RSE by gender and race/ethnicity for all students at baseline. Note. Because RSE is an IRT-scaled score, the minimum value
across the various groups is 19.35, and the maximum value is 70.86, except as follows: for the nonbinary gender category, the
minimum value is 24.23, for the AIAN subgroup, the minimum value is 22.95, and for the NHPI subgroup, the minimum value is 27.52.

college, thus providing a baseline RSE score before college ex-
periences and/or participation in BUILD-related activities. For
all incoming first-year students in the sample, the mean RSE
score at baseline was 52.52, with a SD of 9.97. We also exam-
ined baseline RSE for intersectional groups to examine differ-
ences by combined gender and race/ethnicity (Figure 1). At
college entry, mean RSE scores were statistically significantly
lower (p < .05) for both Latine and Native Hawaiian and Pa-
cific Islander (NHPI) women compared with their men coun-
terparts. In contrast, AIAN and Asian women had a statistically
significantly higher mean RSE score than their men counter-
parts. We found no statistically significant differences in the
RSE scores for Black/AA women and White women.

To assess the quality of the propensity score approach,
Figure 2 shows that the absolute SMD is less than 0.1 for
most covariates, indicating a good balance among BUILD and
non-BUILD students. This allows us to draw valid inferences
from our outcome models regarding BUILD students. The
balance table is presented in the appendix (Supplemental
Table SA1) which includes the means of the covariates in the
treated group (BUILD students), control group (non-BUILD
students), and the SMDs in the sample before and after match-
ing. Figure 3 visualizes the propensity scores distribution of
those matched using a jitter plot. The plot indicates that there
were no unmatched students. Density plots among the various
sub-groups for the BUILD and non-BUILD students were exam-
ined to confirm no imbalances (see Supplemental Appendix,
Figure SA1).

Predicting RSE without Intersectionality
We found that the incoming RSE scores have strong predictive
power across all models (estimate of 0.41, p < 0.001). This
can be interpreted as students with higher RSE at the start
of their first year tend to have higher RSE later in their un-
dergraduate studies. Prior to accounting for gender, research
experience, and sites, results indicate that participation as a

FIGURE 2. Balance of covariates before and after weighting.

BUILD Scholar significantly contributes to higher RSE. Addi-
tionally, participating in undergraduate research strongly pre-
dicted RSE, attenuating the effect of being a BUILD Scholar.
In other words, undergraduates who reported participation in
URE, inside or outside BUILD programs, reported higher self-
efficacy in their research skills. Left at this stage, evaluators
might conclude that the program works to increase RSE for all
undergraduates.
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FIGURE 3. Quality of matching depicted by the distribution of
the propensity scores.

Approaching Intersectionality: Differential Effects of
BUILD Activities for WOC
To answer our second research question, Table 2 present
Models A to F for each race/ethnicity (or ethnoracial) group
denoted at the top of the columns. The model for each
race/ethnicity group compares that subgroup with all other
students. Students who had become BUILD Scholars and stu-
dents who participated in the novel curriculum had statisti-
cally significantly higher RSE scores compared with their non-
BUILD counterparts after controlling for RSE at college en-
try, research experience, and BUILD site. For example, those
BUILD Scholars who identified as Black/AA (Model C) had
1.3 points increase in RSE and those who identified as White
(Model F) had 2.15 points increase in RSE compared with
their non-BUILD counterparts. After identifying when it was
appropriate to examine interaction effects for each model, we
found that BUILD Scholars who identified as Black Women
(Model C) and White women (Model F) were more likely to
have higher RSE scores, whereas Latine Women (Model D)
were more likely to have lower RSE scores (each group is com-
pared with every other non-BUILD undergraduate in the sam-
ple) (see Table 2). To understand the conditional effects of
BUILD on RSE scores, we used the estimate of the ethnoracial
Group-Women-BUILD Now interaction term across the specific
racial/ethnic subgroups (last row of Table 2). Equation 1 helps
us understand the estimates for the variables in our model
for Black/AA group (Model C from Table 2); holding constant
all other variables, Black/AA Women who are BUILD Schol-
ars have a 4.25 (1.30 + 2.95 = 4.25) increase in their RSE
score. Similarly, in Model D, Latine Women who participated
as BUILD Scholars show a decrease of 1.76 points in their RSE
score (2.12 − 3.88 = −1.76), and White women who partic-
ipated as BUILD Scholars have a 0.14 increase in their RSE
score.

RSEscores = 25.7 + 1.30 BUILDNow + 1.84 NovelNow
+ 0.41 RSE Pretest + 2.81 Research Experience
+ (−0.37) Women + (−0.73) Black/AA
+ 1.37 Black/AA Women
+ 2.95 BUILDNow*Black/AA Women (1)

Furthermore, AIAN women (Model A) and NHPI women
(Model E) who were BUILD Scholars had lower RSE scores by
5.26 points and 8.1 points, respectively, in comparison to their
non-BUILD counterparts (Table 2). The small sample sizes for
NHPI students means that researchers must interpret the es-
timates with caution. We felt it was important to still include
these students in the analyses rather than remove NHPI stu-
dents from the regression model (thereby erasing their re-
sponses and experiences from the analysis). A QuantCrit ap-
proach can encourage more research in this area and advance
methods and analysis for groups with smaller sample sizes. We
return to this in the Discussion section.

To answer our third research question, whether there is
a differential effect of participation in STEM novel curric-
ular courses on RSE for WOC, we present results for each
race/ethnicity group (Table 3, models A to F). Students
who participated in BUILD-developed curricula had statis-
tically significantly higher RSE scores compared with their
non-BUILD counterparts. Participation in undergraduate re-
search and RSE at college entry (pretest scores) were both
strong predictors of RSE, attenuating the effects of partici-
pating in BUILD-developed curricula. We found that Latine
Women have a lower RSE compared with other biomedical
undergraduate students. However, the overall conditional ef-
fects of Novel Curriculum are less pronounced than the con-
ditional effects of participation as a BUILD Scholar across all
WOC groups. The lower intensity of the engagement in a novel
STEMM curriculum course compared with a scholar program
may explain this, but we provide additional context in the Dis-
cussion section.

Further Examination of Black and Latine Women
Based on the results above, we decided to understand and
contextualize the statistically significant results for Black and
Latine Women involved in the BUILD initiative. Hence, we
conducted further analyses that accounted for context. Most
BUILD sites are teaching-focused institutions, and several sites
are also Minority-Serving Institutions (MSIs). With this con-
text in mind and our positionalities as higher education schol-
ars and evaluators, we considered whether the complexity of
gendered racism at MSIs may be contributing to the higher
RSE for Black women in BUILD and lower RSE for Latine
women in BUILD. The inclusion of BUILD sites as fixed effects
in the regression models indicated that some sites were sig-
nificantly different from each other with respect to students’
RSE. Reviewing descriptives of the sample, we confirmed that
most Black women undergraduates were enrolled at the two
Historically Black Colleges and Universities (HBCUs) in the
study, and Latine women were primarily enrolled at four in-
stitutions, all with Hispanic-serving institution (HSI) or joint
HSI/AANAPISI (Asian American and Native American Pacific
Islander) designations.

We ran ANOVA tests to determine differences in RSE for
Black women and/or Latine women across the BUILD sites.
Examining Black women, we found significant differences be-
tween two BUILD sites. The RSE for Black women at a private
HBCU was 6 points (p < 0.05) higher than a public HSI site
(Note: The SD of the RSE scale is 10). Similarly, we found
that one of the HSIs with a large population of Latine stu-
dents (over 80%) had Latine women BUILD Scholars with RSE
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scores 4 points higher than their counterparts at a West Coast
HSI BUILD site. We discuss the implications of differential out-
comes in the Discussion.

Limitations
Our study has a few limitations, which have been noted as
common in other studies using the QuantCrit approach. First,
inferences regarding the AIAN and NHPI groups are limited
by the small sample sizes for these groups (Castillo and Gill-
born (2023) and Suzuki et al. (2021) note similar challenges).
These results (Models A and E in Tables 2 and 3) must be
interpreted with caution because of the small sample sizes.
Still, we chose to prioritize the inclusion of every undergradu-
ate in the sample rather than erasing students who identified
as AIAN and NHPI. To this end, it is important to consider
ways to include these groups in all analyses or oversample
subgroups, like for Native Hawaiian and Pacific Islander stu-
dents (Teranishi et al., 2013) and Indigenous students (Lopez
and Gaskin, 2022).

From a methodological standpoint, Bayesian methods that
are sensitive to small sample sizes and not driven by large-
sample theory can be useful in these cases. Given that there
were only five BUILD NHPI women in the sample, we exam-
ined the raw data and descriptive statistics for these students
and found them to have a high RSE score with a mean of 56.97
in comparison to 47.76 for those who are non-BUILD NHPI
women. We are mindful of the implications that we make of
these numbers due to our positionality as outsiders from the
NHPI and Indigenous experience, as well as the small sample
sizes. Examining any patterns or trends from these students is
at least one step that can provide additional insight into what
might be contributing to differences.

Associated with the QuantCrit principle of centralizing race
and racism, we point to the structural barriers of racism, colo-
nialism, and settler colonialism that have contributed to the
historical exclusion of Indigenous and Pacific Islander people
from participation in postsecondary education. Rather than
contributing to their erasure, a QuantCrit approach would in-
vest in additional time and resources (as a next step) to un-
derstand the impact of a program for these groups. For exam-
ple, additional qualitative data analysis, mixed methods ap-
proach, and critical reflective conversations with the programs
and participants can help contextualize and/or provide insight
into our inferences.

Another limitation is the broad categorization of
race/ethnicity (a challenge noted by Castillo and Gill-
born (2023) and Suzuki et al. (2021) in previous studies).
The survey asked students which race/ethnicity category
described them the best and provided options that aggregated
and conflated race and ethnicity. In some surveys in the later
years, students were given options to select subcategories
for a specific race group; for example, if they marked Asian,
students could further select Chinese, Filipino, Korean, or
Indian as specific ethnic identities. However, these subitems
had extremely small sample sizes, and the lack of these items
in survey years 2016 to 2019 meant that we had to use the
broad race categories. In program evaluation, if we want
to know “for whom” the intervention works and if there
are differential effects of a program for specific sub-groups,
researchers need to be mindful of how race and ethnicity

are collected and how other social identities are asked to
survey respondents and how they inform a particular axis
of power. Lastly, the current Enhance Diversity surveys do
not have direct measures of racism or gendered racism as
this was not a primary focus of the broader evaluation. This
study is an example of how to approach QuantCrit even
when data sources may be limited in addressing race and
racism. As a result, we were careful in our interpretation
and implications of the regression models and their capacity
to directly measure structural inequality. In our discussion
section, we present how, using existing datasets, we infuse
and embed critical reflection throughout our work, from
framing research questions to analyses to interpretation of the
findings.

DISCUSSIONS AND IMPLICATION
This study aimed to utilize QuantCrit and Intersectionality
to better understand outcomes from a national biomedical
initiative. We acknowledge that racism is pervasive among
us and thus incorporated an anti-racist orientation while we
developed our research questions, conducted statistical anal-
ysis, and interpreted results. We contextualize and provide
a QuantCrit interpretation of results and implications for
next steps in program evaluation that can further advance
QuantCrit.

Contextualizing Results
This study considered two main BUILD-related activities—
participation as a BUILD Scholars and completion of a BUILD-
developed Novel Curriculum course in STEMM disciplines. Af-
ter using propensity score matching to create similar groups
of students for whom we could draw sound inferences, we
found that students who participated in both BUILD-related
activities (both in Scholars/Associates program and Novel
Curricula) reported significantly stronger RSE scores rela-
tive to their non-BUILD counterparts. A typical evaluation
might conclude that the programs work, but not delve deeper
into potential disparities in outcomes and working with pro-
gram facilitators to enact social change that addresses those
disparities.

Employing a QuantCrit approach, we found differential ef-
fects of the BUILD Scholars program for Black, Latine, and
White women. We also found a differential effect for students
who completed a Novel Curriculum course (BUILD Novel) and
identified as Latine women and/or NHPI women. With re-
spect to increased RSE for Black women, these results are en-
couraging. They suggest that STEMM training programs that
provide a combination of financial support, URE, and men-
torship can contribute to increased self-perceptions of one’s
ability to engage in scientific research for Black women in
STEMM. However, there were no statistically significant dif-
ferences for the larger group of Black women undergradu-
ates enrolled in Novel STEMM Curriculum. This suggests that
Black women benefit the same as others from new STEMM
curricula. Further, Latine women were more likely to have
lower RSE after participating in new STEMM curricula. Thus,
if national goals are to enhance participation from groups
who are underrepresented in STEMM, then this study sug-
gests that the curricular changes do not significantly enhance
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RSE for WOC underrepresented in STEMM. Further, Latine
women who participated in the BUILD Scholars program had
decreased RSE compared with all other non-BUILD biomedi-
cal students. Overall, these findings suggest that marginaliza-
tion looks different for women depending on their social loca-
tions with respect to racial/ethnic identity, thus underscoring
the importance of considering Intersectionality and caution-
ing against approaches that analyze WOC as a single group
(essentialism).

Considering QuantCrit while also examining a psychologi-
cal construct like RSE, one’s perception of their efficacy in re-
search is partly shaped by structural inequality, not individual
(in)adequacy (Usher and Pajares, 2008). The findings substan-
tiate prior literature suggesting that within and across groups,
individuals may weigh the four key sources of self-efficacy dif-
ferently (Bandura, 1997; Usher and Pajares, 2008). Because
the implementation of the BUILD program varied, we cannot
determine the extent to which each site focused on attending
to key sources of self-efficacy. While short-term self-efficacy in-
terventions can increase RSE for WOC (Bakken, et al., 2010),
these findings suggest that grant-funded STEMM intervention
programs might need to place additional targeted emphasis on
self-efficacy to support Latine women students and potentially
other WOC groups.

One defining QuantCrit principle recognizes that num-
bers alone do not tell the whole story (Garcia et al., 2018;
Gillborn et al., 2018, Suzuki et al., 2021; Castillo and Gill-
born, 2023). Results from quantitative analyses should be con-
textualized with researchers’ critical sensibilities, and addi-
tional research related to the analysis should be presented
when available. Considering the differing results for Black
and Latine women in the intensive BUILD Scholars program,
a QuantCrit approach requires interrogating the structures
and conditions that shaped these differences in student’s RSE.
BUILD-awarded sites included HBCUs and HSIs. Thus, we
must consider how these campuses may have already been
positioned to support the success of STEMM-engaged WOC.
For example, HBCUs have a well-documented legacy of devel-
oping the talent of their students (Owens et al., 2012). On the
other hand, the unique history of the emergence of HSIs in
the United States, and the heterogeneity among them has led
scholars to examine their “servingness” (Garcia et al., 2019).
Connecting to the results of different RSE scores between the
BUILD sites that were also HSIs, our findings support the idea
that some HSIs do a better job of serving their students from
underrepresented groups compared with others. Considering
Intersectionality, future program evaluation (particularly at
HSI sites) can take a critical approach to scholarship on HSIs,
or “intersectional servingness” (Garcia and Cuellar, 2023) to
examine other axes of structural inequality and the poten-
tial of HSIs to address the wide range of students whom they
serve.

Additionally, BUILD sites developed various curricula,
which raises the question of what types of courses and ped-
agogical innovations may or may not be effective for groups
based on their social locations in relation to race, gender, class,
etc. Future evaluation studies might incorporate qualitative
data or integrate local evaluation findings to interrogate the
findings and work in partnership with grant awardees to think
critically about transformative change (Mertens, 1999).

Implications for Studying STEMM Diversity Efforts
This study provides an example of using a QuantCrit ap-
proach in a large-scale, federally funded program evaluation
context. Using an Intersectionality lens will allow programs
to create and refine interventions that work for groups of-
ten erased or decentered from large-scale evaluation studies.
The interventions can be tailored to support specific groups
(e.g., Black Women or Latine Women) entering and sustain-
ing the biomedical workforce. This work addresses the groups
for which we and the larger Diversity Program Consortium
hope to see meaningful changes and can be extended to other
important underrepresented groups (Maccalla et al., 2023) in
future studies.

The Importance of “Using Findings to Facilitate Social
Transformation”. The research/evaluation process encour-
aged us to think, “What would we do in a QuantCrit evaluation
setting that might differ from a traditional research setting?”
Suzuki and colleagues (2021) posit the three “moments” (de-
velopment of research questions and variables, the role of
race in analytic models, and interpretation of results through
a critical framework) where researcher influence is essen-
tial in infusing principles of QuantCrit. We believe QuantCrit
in program evaluation lends itself to a “Moment 4 – Using
Findings to Facilitate Social Transformation,” where evalua-
tors can help facilitate discussions about the role of racism in
explaining differential outcomes and identifying potential so-
lutions. This moves toward the equity-oriented fifth tenet of
CRT of using numbers to advance social justice (Gillborn et
al., 2018; Castillo and Gillborn, 2023). An anti-racist orienta-
tion can spur discussions in the local context about what struc-
tures, systems, policies, and practices may need to be changed.
These critical-reflective discussions need not aim at the fed-
eral level but can impact the local communities or institu-
tions. Evaluators can facilitate discussions by posing questions
such as: How do we make sense of these findings within the
power structures of our labs/departments/institution? What
policies in our program(s) might contribute to these differen-
tial outcomes, and what can be done about them? What im-
portant needs and perspectives might the students in the pro-
gram have to share? This calls for evaluators to embrace their
role as partners in the evaluation process and agents of so-
cial change. These discussions can play a crucial role in guid-
ing new research and evaluation questions, the role of race in
the planned analyses, the interpretation of results, and subse-
quent programmatic decisions, moving toward a more equi-
table society with each inquiry cycle.

Implications for Study Design and Analytic Approach. A
main contribution of this study is our analytic approach to
accounting for race and ethnicity when employing regression
analysis. QuantCrit evaluation can pay “careful” attention to
the research questions and center our analyses around the si-
multaneous experiences of racism and sexism within STEMM.
Race/ethnicity can be understood as an aggregate of a het-
erogeneous range of experiences and identities. Fitting a sep-
arate model for every race/ethnicity group allowed us to pre-
serve the unique self-reported racial/ethnic identity of every
student. Additionally, this approach reduced the number of
times we compared one race group with another (typically
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using White individuals as the reference group). Centering
marginalized aspects of identity, rather than just controlling
for them, may provide unique insight into a multitude of ex-
periences within the same program. The answers we discover
may not be as simple as single objective truths, such as “yes/no
it worked,” but rather a more complex understanding of mul-
tiple subjective realities operating in one time and space due
to societal and institutional systems and structures at play.

Efforts to address underrepresentation in higher education
or grant funding at later research career stages (Chen et al.,
2022) begin with ensuring interventions are having an im-
pact within groups that are experiencing systemic barriers
(e.g., WOC). Evaluation norms that value generalizability can
take away from what may be gained from learning about spe-
cific populations (Teranishi, 2007; Gillborn et al., 2018). Thor-
oughly examining evaluation data by subgroups can help iden-
tify and explain inequities and help researchers think more
carefully about what will advance our understanding of the
support various underrepresented groups need. Large-scale
evaluations may not always have qualitative data for a partic-
ular group, but surveys and data analyses that use critical sen-
sibilities can develop knowledge about how structural racism
operates.

We recognize that this work can be complex. Large sam-
ple sizes and detailed information about programs and par-
ticipants are needed to pursue disaggregated analyses while
maintaining statistical power. Administering various surveys
year after year across all the BUILD sites along with conduct-
ing cases studies provided us with a rich dataset, which we
will continue using to answer questions about the effects of
these programs. However, even with these resources, we faced
challenges with small sample sizes for several racial/ethnic
groups and therefore encouraged the interpretation of smaller
subgroup findings with caution. When factoring in Intersec-
tionality, sample sizes get even smaller. Additional research is
needed for the AIAN and NHPI groups in this sample.

Researchers can plan to oversample individuals from var-
ious underrepresented groups during data collection and be
mindful and intentional with the demographic data they plan
to collect and incorporate recruitment campaigns and efforts
during data collection that are sensitive to the historical mis-
trust of minoritized groups. Evaluation teams might also incor-
porate staff and researchers from the groups the program aims
to target to learn from their expertise and cultural knowledge.
This information can be helpful in the evaluation design, data
collection, analyses, interpretation, and action stages of pro-
gram evaluation. Additionally, other identities and systems of
power, such as socioeconomic status or sexual identity, might
be important to examine (Ghabrial and Ross, 2018). While
we limited our area of foci to intersections of race/racism and
gender/sexism to demonstrate a QuantCrit evaluation here,
we recommend that evaluators and researchers examine other
important domains of systemic marginalization.

Our study results point to the continued need for inquiry
and analysis of STEMM scholar programs and STEMM class-
rooms to understand how and why outcomes might vary for
different subgroups. This is especially important as STEMM
departments nationwide continue efforts to revamp curric-
ula and incorporate evidence-based curricular approaches to
STEMM training, such as CUREs, POGIL, active learning prac-

tices, Learning Assistants, etc. It is important to consider
how an intervention in a classroom (e.g., CUREs) can assess
whether it produces outcomes that indicate further marginal-
ization of a group (i.e., unintended negative consequences).

Whether employing QuantCrit or other critical approaches
to quantitative research and evaluation, Biology education re-
searchers conducting their own independent studies examin-
ing biology education with the aim of enhancing diversity in
STEMM fields can employ the growing body of guidance on
how to address systemic inequity in STEMM training (Pearson
et al., 2022). A QuantCrit approach can be useful for inves-
tigators conducting these studies, especially those examining
outcomes with a critical lens that centers on social justice in
its design, analysis, and interpretation of the study. Based on
our work, we offer a few tips to help achieve this:

1. A QuantCrit approach to evaluating activities implemented
through grant funding may reveal inequities (and positive
outcomes) that otherwise might have gone unnoticed, un-
questioned, or unchallenged by the researchers, funders,
or other audiences. We suggest partnering with external
evaluators and/or social scientists familiar with critical re-
search paradigms, anti-racism efforts in STEMM, Ethnic
Studies, and ideally QuantCrit research. An important step
in this process is the critical reflection and discussions that
will drive both the research/evaluation decisions and pro-
grammatic/institutional next steps.

2. QuantCrit does not necessarily need to involve complex sta-
tistical modeling. It can be used by incorporating a critical
focus on understanding and questioning systems of power
when examining quantitative data related to a program
and outcomes.

3. For evaluation in particular, findings can be utilized as a
tool to foster social transformation by facilitating discus-
sions about the role of racism at campuses and within
student experiences, and finally identifying potential solu-
tions.

CONCLUSION
The BUILD program and corresponding national evaluation,
with its diverse programmatic approaches, settings, and large
sample sizes (Guerrero et al., 2022), provides an opportunity
to quantitatively disentangle what works, for whom, and un-
der what contexts through a QuantCrit approach. Employing a
critical approach to program evaluation that centers analyses
of the differential effects of a program is particularly impor-
tant for programs that aim to broaden participation in STEMM
because they begin with acknowledging the large body of lit-
erature that emphasizes racism, sexism, and other systems of
domination exist (McGee, 2020), rather than a neutral ap-
proach that overemphasizes individual STEMM trainees and
underemphasizes the contexts, conditions, and social relations
that shape individuals’ outcomes.

We argue that complex problems require complex solu-
tions, and critical analytic approaches allow for the com-
plexity of experience and differential effects to be captured.
When we understand more about participant experiences
and contextualize quantitative findings with critical sensibil-
ities that interrogate power structures, we can establish more
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precision in our understanding of treatment effects of efforts
aimed at dismantling the conditions that continue to repro-
duce inequity in STEMM (Pearson et al., 2022). By moving
beyond straightforward, traditional methods, quantitative re-
searchers/evaluators can tell more complex and meaningful
evidence-based stories. It is our responsibility to drill down on
the multitude of experiences with a critical lens to ensure that
evaluation and its resulting findings thoughtfully support the
populations they aim to serve.
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