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Introduction

The federal government, via agencies like the National Institutes of Health (NIH) and the
National Science Foundation (NSF), has invested billions in research training programs

to diversify the scientific workforce. Reports have advocated for a more diverse pool of
scientists (National Academies of Sciences, Engineering, and Medicine, 2007; Sullivan
Commission, 2004; U.S. Department of Education, 2006), and concerns exist about a
potential shortage of qualified scientists (President’s Council of Advisors for Science and
Technology, 2012). Federal and non-governmental agencies fund programs that capture the
imagination of young aspiring scientists and develop research skills, talent, and innovation
among undergraduates in science, technology, engineering, and mathematics (STEM). Other
opportunities fund graduate students and financially support early career scientists, helping
them to expand professional and academic networks, protect their research time, and
establish their laboratories.

Individuals have directly benefited from these programs, but it’s unclear to what extent
they’ve contributed to scalable, effective, and cost-efficient strategies for diversifying the
scientific workforce. In 1980, Black, Latino, and Native American graduates earned 2.2% of
doctorates in the life sciences and 1.7% of doctorates in the physical sciences (National
Science Foundation [NSF], 2019). By 2000, the share of doctorates earned by these
graduates had increased to 5.7% in the life sciences and 4.1% in the physical sciences.

In 2019, 10.6% of all doctorates in the life sciences and 5.5% of all doctorates in the
physical sciences were earned by Black, Latino, and Native American graduates (NSF,
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2019). Despite these gains, persistent disparities exist in certain measures of career success
(e.g., successful grant applications) (Ginther et al., 2011).

NIH and the Founding of the Diversity Program Consortium

These findings suggest that the investments made to diversify the scientific workforce may
have had some limited success with respect to improving racial diversity but may be falling
short in ensuring more equitable outcomes related to the career success of scientists from
traditionally underrepresented groups. In the years following the publication of Ginther
etal.’s (2011) study, the NIH funded initiatives focused on faculty and students. The
Building Infrastructure Leading to Diversity (BUILD) initiative has similarities with other
NIH-funded student-focused training programs but distinguishes itself by also providing
support to faculty training programs and institutional capacity building (Hurtado et al.,
2017).

At its core, the BUILD initiative captures students’ attention and imagination by exposing
them to hands-on research experiences. The BUILD program aims to achieve its vision by
enabling students to develop a strong science identity; namely, to begin seeing themselves
as scientists by providing opportunities for them to think and act like scientists. Students
selected into the program are designated as BUILD Scholars and awarded funding. This
article reports the results from an examination of data collected during students’ first year of
college to evaluate whether students involved in the BUILD program finished their first year
of college with a stronger science identity than their counterparts pursuing similar majors
and sharing similar pre-college and in-college experiences. Specifically, this study addresses
the following research questions:

1 Do BUILD Scholars make significantly stronger gains in their development of
science identity by the end of their first year of college compared to first-year
students with similar demographic characteristics and academic indicators who
are not BUILD Scholars?

2. Does the effect of participating in BUILD as a Scholar vary based on
participants’ racial/ethnic identity or gender identity?

Defining Science Identity

Individuals develop the confidence and competence to begin viewing themselves as
scientists by actively thinking and acting like scientists, in addition to having their self-
perception reinforced by meaningful others such as faculty, mentors, and family (Carlone &
Johnson, 2007; National Academies of Sciences, Engineering, and Medicine, 2019). Carlone
and Johnson (2007) posit that three distinct domains serve to cultivate an individual’s
science identity: competence, performance, and recognition. Science identity forms from
developing competence in a particular domain through education, trainings, and hands-

on experiences. Performing as a scientist includes authentic experiences that provide
opportunities to perform or take on the roles and responsibilities of a scientist. Finally,
recognition from meaningful others may come from receiving awards, rewards, publication
acceptances, job offers, or other forms of validation for making contributions to the field
(Carlone & Johnson, 2007).

Res High Educ. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eagan et al.

Page 3

In the case of undergraduate students pursuing science-related majors, science identity
develops as students cultivate their competence in science. Students develop science
identity by mastering concepts in their coursework and developing specific inquiry and
technical skills relevant to their particular domain of interest. Science identity is also
enhanced when students apply these technical skills through hands-on research experiences.
Undergraduate students have opportunities to perform as scientists in their coursework

and in mentored research experiences with faculty. Dissemination of research findings via
conference presentations and publications also serve as another avenue for students to
perform as scientists. Receiving feedback from mentors and faculty, awards and honors, and
course grades recognizes students’ development as a scientist and enhances their science
identity. Hazari et al. (2010) propose that a fourth component of science identity includes
demonstrating an interest in STEM. They argue that interest in STEM is a given component
in Carlone and Johnson’s (2007) discussion of science identity, but, without a cultivated
interest in a scientific domain, an individual’s identity as a scientist may wane (Hazari et al.,
2010).

Science ldentity as a Hallmark of Success

Science identity relates to several short- and long-term academic indicators. Students who
more strongly identify as scientists tend to earn higher grades in their STEM-related courses
and higher grade point averages (GPASs) overall (Lu, 2015; Stets et al., 2017). Success

in STEM coursework, particularly in introductory STEM courses, often contributes to
longer-term success in STEM, as students may internalize their early academic success

as recognition from their faculty that they have the potential to become a scientist. Similarly,
students who report stronger science identities tend to have higher odds of persisting in their
science-related majors (Chang et al., 2011; Seymour et al., 2004; Trujillo & Tanner, 2014).
Undergraduate students’ science identity also contributes to the likelihood of pursuing
graduate education in the sciences (Eagan et al., 2013; Estrada et al., 2011; Piatt et al., 2019)
and long-term STEM career intentions (Byars-Winston & Rogers, 2019; Estrada et al., 2018;
Estrada et al., 2011; Hazari et al., 2010; Hazari et al., 2013; Stets et al., 2017). Thus,
evidence suggests that interventions targeted to undergraduate students with an explicit aim
of developing their identity as scientists have the potential to directly or indirectly increase
their likelihood of persisting in science to bachelor’s degree completion. A strong sense of
science identity can also lead to students continuing their education by pursuing graduate
degrees in STEM-related fields and seeking careers in STEM fields.

Strengthening College Students’ Science ldentity

Several experiences in college contribute to building a sense of science identity among
undergraduate STEM majors. Participation in authentic research experiences significantly
contributes to building science identity among undergraduate students (Byars-Winston &
Rogers, 2019; Carlone & Johnson, 2007; Estrada et al., 2018; Lane, 2016; Seymour

et al., 2004; Stets et al., 2017). In authentic research experiences, student investigators
explore novel research questions as part of the process and follow protocols provided by
the instructor; in other types of research experiences, students may be presented with a
research problem and must then develop their own question and protocol to address the
problem (Spell et al., 2014). Building research opportunities into the curriculum addresses
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the opportunity gap for students who do not have access to mentored research experiences
with faculty or to structured research programs, as undergraduate research experiences
collectively assist students in building their competence in a particular domain and their
methodological and critical thinking skills as investigators. These types of experiences
allow students to experience first-hand how science is “done” and contribute to students’
development of a stronger identity as a scientist (Byars-Winston & Rogers, 2019).

Although research experiences offer a platform for students to develop competence in a
discipline and later perform as scientists, effective mentorship from scientific experts is
also critical to developing a science identity (Byars-Winston & Rogers, 2019; Estrada et
al., 2018; Piatt et al., 2019; Robnett et al., 2018). Undergraduate students who report
receiving more instrumental (skill-based) mentoring and socioemotional mentoring tend

to report feeling more strongly identified with science (Robnett et al., 2018). Whether
students connect with faculty in formal or informal spaces, establishing a solid rapport with
professors represents a critical component to students’ likelihood of success in pursuing
graduate education and cultivating a professional academic network of colleagues and
collaborators. Mentors have a critical role in providing the space for students to advance

in their competency and skill development, facilitating opportunities to perform as scientists
through research experiences or venues to disseminate research findings, and, perhaps most
importantly, recognizing their mentees as scientists.

Mentors also serve as advocates and sounding boards, especially when their mentees

come from underrepresented groups. Underrepresented students who have had a mentor
with the ability to discuss and acknowledge underrepresentation in STEM have reported
stronger science identities (Hazari et al., 2010). For example, among women in physics,
self-reported science identity was stronger among students who had advisors who more
regularly discussed the underrepresentation of women in physics compared to women whose
mentors did not engage in such discussions (Hazari et al., 2010). The ability for mentors to
speak with students about the disparities in representation create opportunities to engage in
more meaningful discussion with underrepresented students. Studies have also shown that it
is important to engage in a discussion on the connection between STEM fields and values
(Carlone & Johnson, 2007; Hazari et al., 2010; Hazari et al., 2013). These conversations
inject a human element into scientists” work and may also serve as a signal to mentees from
underrepresented groups that the mentor is aware of and even sympathetic to the cultural
realities of the department, discipline, or field (Hernandez et al., 2017).

Finally, the recognition component of Carlone and Johnson’s (2007) framework for the
manifestation and development of science identity includes viewing oneself as a science
person, so to identify as a scientist means that an individual needs to develop a level of
confidence in skills and knowledge within a particular field of study. Carlone and Johnson
(2007) found that repeated recognition from meaningful others, such as members of the
scientific community, contributed to having a stronger science identity for women of color.
Rodriguez et al. (2019) found that, for Latina undergraduate STEM majors, recognition
from peers, faculty, and family positively contributed to participants’ view of themselves as
a STEM person. Similarly, researchers have determined that encouragement from teachers
and family contribute to having a stronger physics identity (Hazari et al., 2010). Science
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self-efficacy is the belief in one’s ability to carry out scientific research and communicate
findings. Building competence in research skills leads students to believe they know how
to doscience and is positively associated with doing well in science courses (White

et al., 2019). Science self-efficacy has strong correlations with an individual’s identity

as a scientist. As individuals report feeling more confident in their ability to design an
answerable research question or conduct an experiment, they also tend to report feeling
more identified with science (Byars-Winston & Rogers, 2019; Estrada et al., 2011). Self-
efficacy is also an important predictor of the likelihood of pursuing a scientific career
(Byars-Winston & Rogers, 2019; Estrada et al., 2011) and contributes to building a science
identity.

Social identities also influence the ability for students to develop a science identity (Carlone
& Johnson, 2007). The strength of individuals’ science identity varies significantly across
categories of race and gender. For example, white females tended to view themselves as
biologists more than white males; by contrast, males generally had a greater proclivity to
identify as physicists compared to females (Hazari et al., 2013). Additionally, Hispanic
females were either below or on par with other women and both white men and men

of color with regards to their science identity (Hazari et al., 2013). These differential
experiences along race and gender suggest that the development of a science identity

does not occur uniformly across demographic groups; therefore, we should not expect
experiences associated with facilitating science identity development to affect participants in
identical or even similar ways.

Enhancing BUILD Scholars’ Science ldentity

The current analyses seek to extend prior research on the development of science identity
among college students and provide an initial evaluation of the efficacy of targeted
interventions aimed at promoting diversity in science majors and the scientific workforce.
We focus explicitly on whether an intervention that incorporates multiple strategies to
expose students to research, connects students with mentors, and provides financial support
to offset college expenses can effectively promote the development of science identity
during the first year of college. Prior studies have more often relied on samples of juniors
or seniors to understand how a concept like science identity changes throughout students’
college career; however, this study considers the experiences of first-year students to
determine whether administrators, practitioners, and faculty can begin shifting the extent

to which students conceive of themselves as scientists much earlier in college. Given that
much of the attrition in STEM majors occurs during the first year, understanding effective
strategies that enable and encourage students to begin thinking of themselves as aspiring
scientists can equip policymakers and administrators with critical information to make more
data-informed decisions regarding STEM retention efforts.

Distinct from previous research (e.g., Eagan et al., 2013), this study also examines a specific
intervention program that incorporates several different initiatives designed to enhance the
success of underrepresented students in their STEM majors. As we describe in the methods
section, the data analyzed in this study originated from four sites that provide opportunities
for first-year students to engage in research, connect with faculty mentors, and receive a
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stipend designed to enable students to spend more time focused on their academics by
worrying less about finding a job or working to pay for college. Each of the four sites has
implemented each of these elements in ways that speak to the local needs and concerns
of the student population, but the broad strategies at each site come from the same set

of requirements. In the following section, we describe our data source and sample, the
measures of interest, and our analytic approach.

Research Design Overview

Following a quasi-experimental design, this study analyzes longitudinal data collected from
first-year students at four institutions to determine whether participants in a federally funded
initiative (BUILD) have significantly stronger science identities compared to their peers

in a control group that did not have access to the full slate of activities provided as part

of the initiative. Prior studies that have examined the efficacy of undergraduate research
interventions have risked mis-estimating the effects of receiving treatment (participating in
the intervention) by not accounting for the nonrandom assignment of individuals to the
treatment and control conditions (Lopatto, 2004; Maton & Hrabowski, 2004; Laursen et al.,
2010). We overcome this challenge in this study by first estimating students’ propensity

of participating in the suite of intervention activities. We then derive inverse probability
weights from these propensity scores and apply them to the sample before analyzing the
data using multiple linear regression to examine the association between participation as a
BUILD Scholar and first-year science identity, controlling for background characteristics,
pre-college preparation, and a targeted set of first-year college experiences. The following
sections provide relevant details regarding our methodological approach.

Data Source and Sample

This study draws from longitudinal survey data collected between the fall of 2016 and
spring of 2020 from four sites funded by the NIH as part of its BUILD program. The

Higher Education Research Institute’s (HERI) Freshman Survey collected baseline data on
incoming first-time, first-year students as they started college in the fall terms of 2016, 2017,
2018, and 2019. Students completed the Freshman Survey prior to their exposure to the
BUILD program, which allowed for estimation of students’ baseline or pre-BUILD science
identity. The survey collects data on students’ demographic characteristics, pre-college
academic preparation and extracurricular experiences, lifelong educational and career goals,
personal views and values, considerations related to their choice of college, and expectations
for college life. TFS response rates for these four campuses varied for each institution and
ranged from 40% to 60%.

In the spring of students’ first year of college, the Coordination and Evaluation Center
invited students at the 10 BUILD institutions to complete the Student Annual Follow-
up Survey (SAFS). This instrument explores the frequency and nature of any research
opportunities, academic and extracurricular experiences, and interactions with mentors that
students may have had during college. Importantly, the survey asks many of the same
items related to students’ personal views, goals, and values that appear on TFS, which
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provides opportunities to track longitudinal change. Students who consent to participating in
the broader evaluation by completing the Freshman Survey or by participating in a BUILD-
sponsored activity while in college receive invitations to complete the SAFS annually,
allowing researchers to document students’ development across many relevant domains. Our
analyses described in this article focus exclusively on the experiences of first-year students
at the four campuses that targeted BUILD activities to freshmen. The analytic sample
includes cases that had data at both timepoints of college entry and the end of the first year.
In addition to the two surveys, our analyses incorporate administrative data provided by each
institution indicating whether participants in the sample were designated as BUILD Scholars
by the site.

The initial sample included longitudinal responses from 2,281 first-year students enrolled
across the four sites. The final analytic sample included 139 BUILD Scholars and 1,737
subjects in the control condition (non-Scholars) for a total of 1,876 cases. Most of the
reduction from the initial to the final analytic sample occurred after enforcing the tenet of
common support, which assumes overlap between the treatment and control conditions in
the distribution of propensity scores (Guo & Fraser, 2010).

Our analyses examine two sets of variables. The first set of variables informed the logistic
regression model predicting students’ propensity to be designated as a BUILD Scholar.

The second set of variables was included in the multiple regression analysis that aimed to
explain variation in first-year science identity. All measures included in the BUILD Scholar
propensity model were subsequently included in the science identity multiple regression
model.

Dependent variable.—We operationalize students’ science identity at the end of the

first year of college using four agreement items appearing on the SAFS: / have a strong
sense of belonging to a community of scientists; I derive great personal satisfaction from
working on a team that is doing important research, | think of myself as a scientist, and

1 feel like | belong in the field of science (Estrada et al., 2011). These items were on a
five-point scale ranging from “strongly disagree” to “strongly agree.” HERI established the
validity of this latent construct through the application of Item Response Theory (for details
about the application of IRT to latent measures from surveys, see Sharkness, DeAngelo, &
Pryor, 2010). HERI used the national sample of incoming first-year students from the 2016
Freshman Survey to establish population parameters associated with the science identity
construct. These parameters were then applied to subsequent cohorts (i.e., TFS 2017-2019)
and held constant for estimation of students’ science identity scores at the end of their
freshman year; therefore, any changes between the pre-test and post-test scores are due to
actual changes in how students responded to the survey items. We also used confirmatory
factor analysis (CFA) to further validate the latent properties of science identity and used
reliability estimates to confirm the internal consistency of the items. Appendix A provides
both the IRT-estimated parameters, which we used to create a construct score, and the factor
loadings from CFA. The Cronbach’s alphas for the items were 0.82 at baseline and 0.84 at
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the end of the first year of college, suggesting strong internal consistency. The pre-test and
outcomes were standardized with a mean of 50 and standard deviation of 10.

Key measure of interest/treatment variable.—We created a dummy variable to
operationalize our key measure of interest pertaining to students’ participation as BUILD
Scholars at their institution during the first year of college. This indicator served as the
outcome measure in the logistic regression predicting BUILD Scholar participation and

as the key predictor of interest in the multiple linear regression model predicting science
identity. The four sites analyzed in this study had explicit entry points into their BUILD
projects for first-year students. Each site conducted its own recruitment and selection
process to form each local cohort of BUILD Scholars; however, the sites were fairly
consistent with respect to the minimum criteria students needed to meet in order to
participate as a BUILD Scholar. These criteria included enrolling in college full-time,
majoring in a biomedical or STEM-related field, having previously earned a minimum
GPA of 2.75 or 3.0 in high school, aspirations to pursue graduate work in a biomedical or
closely related field, and demonstrated interest in conducting biomedical research. BUILD
Scholars received coverage for tuition and fees, a monthly stipend of roughly $1,100,

and reimbursements for expenses related to travel to disseminate research findings. Each
project required Scholars (1) to participate in peer learning communities, (2) enroll in newly
developed courses that emphasized innovation, (3) engage in mentored research experiences,
and (4) participate in various career advancement and development workshops (Hurtado et
al., 2017). Although members of the control group may have had access to some of these
activities, BUILD Scholars represent a distinct set of individuals who received all of these
services, financial supports, and opportunities.

Demographic characteristics.—Various background characteristics based on
participant responses in the TFS were entered into the model including race, gender,

major, first-generation college student status, and financial aid received. BUILD projects
collectively aim to identify, test, and implement effective strategies designed to contribute
diversity to the scientific workforce, and the literature suggests there are differential
experiences along race and gender identities with underrepresented populations facing
barriers towards developing their science identity (Eagan et al., 2013). Most characteristics
are entered as dummy variables; however, we used effect coding (see Mayhew & Simonoff,
2015) to account for differences by race/ethnicity.

To account for possible socioeconomic differences in the selection of students and the
constraints financial concerns may place on some students’ ability to focus on their
science identity development, we included in the BUILD participation logistic regression
an ordinal measure related to students’ level of concern about their ability to finance their
college education. This variable appeared in both the selection model and the science
identity prediction model. Also, for both models, we used a dummy variable to represent
whether students were first-generation to attend college, and we considered a student to be
first-generation if neither parent had attended college. Our science identity regression also
included an indicator as to whether students were Pell Grant recipients.
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Likewise, in both the BUILD selection and science identity prediction models, we
controlled for intended major at college entry using two dummy variables to represent three
classifications: natural sciences (including traditional STEM fields), social sciences (e.g.,
anthropology, sociology, social work, psychology), and non-science fields (e.g., education,
business, arts, humanities).

Competence and confidence.—To account for the possibility that sites might prefer
to offer slots as BUILD Scholars to higher achieving students and the connection between
academic achievement and developing a stronger science identity (Lu, 2015; Stets et al,
2017), the propensity score model and the model predicting science identity include high
school GPA as a covariate. Likewise, as mentioned in the section describing the dependent
variable, our models included a direct pre-test of the outcome. Finally, we included a
measure of students’ self-confidence in their ability to perform various science-related tasks,
including developing an answerable research question and conducting an experiment. The
full construct has 10 items, and we analyzed the items using IRT to create a unidimensional
latent measure. We only included the self-efficacy measure to the science identity model,
as this measure did not significantly differentiate BUILD Scholars from their peers in the
control group in predicting whether students were BUILD Scholars during the first year.

Goals and aspirations.—One primary critique of quasi-experimental design relates to
the role of personal ambition and self-selection bias in an individual’s decision to pursue
a science career opportunity. To overcome this liability, our BUILD selection and science
identity models accounted for students’ degree aspirations and career plans. Specifically,
TFS respondents reported the highest degree they intended to earn in life, and we collapsed
their responses into three dummy variables representing four categories: aspirations to
earn a bachelor’s degree or less (reference group), master’s degree, medical doctorate or
equivalent, and Ph.D. or other professional doctorate (e.g., Ed.D.). Additionally, in both
models we included a TFS item that asked students to rate the likelihood that they would
pursue a biomedical research career. We also included fixed effects terms to represent
students’ institutional affiliation and the year they started college to account for possible
institutional and cohort differences in the likelihood of being selected as a BUILD Scholar
and end-of-first-year science identity.

Additionally, several related measures were included only in the linear regression analyzing
variation in science identity. In an attempt to avoid over-stating the effect that participating
as a BUILD Scholar in the first year of college has on students’ development of science
identity, we added dummy variables representing whether students reported on the SAFS
that they had conducted hands-on research, received mentorship from one or more mentors,
and whether students reported participating in summer workshops designed to improve their
skills as a mentor or mentee. These measures are included in nested regression models to
account for the fact that students in the control condition, in particular, may have discovered
research opportunities or identified mentors on their own despite not receiving the broad
services and support provided to Scholars by the BUILD projects. By examining how the
introduction of these terms into the model affect the estimated parameter associated with
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being a BUILD Scholar, we aimed to better understand the specific components of the
BUILD Scholar experience that contribute to science identity development.

We incorporated three primary analytic tools to understand the characteristics of our
sample, determine the parameters associated with assignment into the treatment or control
conditions, and predict end-of-first-year science identity. First, we analyzed the dataset
using descriptive statistics including crosstabulations and measures of central tendency. The
crosstabulations in particular provided initial context for how students in each of our two
conditions (BUILD Scholars and those who were not Scholars) differed on the covariates
described in the previous section.

Next, we followed a two-step analytic approach to account for possible selection bias
between BUILD Scholars and their peers in the control group given the nonrandom
assignment of each student to one of the two conditions. Given the benefits of becoming

a BUILD Scholar, the requirements of Scholars to participate in a variety of activities, and
the minimum selection criteria, we expected to find qualitative differences between Scholars
and the control group. Any causal inferences regarding the effect of becoming a BUILD
Scholar on end-of-first-year science identity would be more credible by accounting for the
endogeneity of the data (Desjardins et al., 2002).

Due to the observational, ex post facto nature of the data, we followed the counterfactual
framework described by Rosenbaum and Rubin (1983, 1984, 1985). In this case, we
attempted to estimate the “potential outcome, or the state of affairs that would have
happened in the absence of the cause” (Guo & Fraser, 2010, p. 24). In other words, we
attempted to understand the likely outcome for BUILD Scholars had they not become
BUILD Scholars while also attempting to estimate how science identities among members
of the control group may have been different had they had the opportunity to become a
BUILD Scholar in their first year of college. The application of this framework to this study
requires the estimation of a propensity score that corresponds to subjects’ propensity of
participating as a BUILD Scholar in the first year of college, using these propensity scores to
develop inverse probability weights, and applying those weights to the sample in subsequent
multivariate analyses so that the observed covariates between subjects in the treated and
control conditions are equivalent and balanced (Schneider et al., 2007).

We provide the parameter estimates from the logistic regression predicting participation

in BUILD as a Scholar in Appendix B. Propensity scores generated from the logistic
regression model ranged from 0.008% to 73.881% for students who were not designated
as BUILD Scholars, and propensity scores for BUILD Scholars ranged from 0.080% to
69.020%. Following the tenet of common support, we removed just over 300 cases from
the control group that had propensity scores below 0.025% to account for the insufficient
overlap between the two samples in their probability of becoming a BUILD Scholar. Next,
we developed inverse probability weights using the propensity scores (Eagan et al., 2013;
Hirano & Umbens, 2001; Nichols, 2007, 2008). We followed the approach described by
Eagan et al. (2013) and Guo and Fraser (2010) to develop a weight representing the average
treatment effect (ATE), the average treatment effect on the treated (ATT), and the average
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treatment effect on the untreated (ATU). ATE can be interpreted as the overall effect of the
BUILD Scholar experience on a sample of eligible first-year college students. By contrast,
the ATT suggests the effect of becoming a BUILD Scholar among research subjects with
high probabilities of receiving the treatment. The ATU estimates the treatment effect among
BUILD Scholars who have a lower probability of seeking out or accessing the initiative.

Having calculated the weights described above, we proceeded to analyze the weighted
dataset by running a series of nested multiple linear regression models to examine the
stability of the parameter estimate associated with BUILD participation. We staged the
model by organizing variables into conceptually related, temporally aligned blocks and
entered the blocks one at a time. With the weights applied and with controls for alternative
explanations included in the model, we have greater confidence that any significant
relationship between BUILD Scholar participation and science identity suggests a likely
causal relationship between the two measures. As a final check, we examined the sensitivity
of our model adjusted for students’ propensity to participate in BUILD against a more
straightforward (unadjusted) regression model with the same robust set of covariates, as
some studies have suggested such strategies may be equally as effective at reducing selection
bias for ex post facto treatment studies (Eagan et al., 2013; Shadish et al., 2008).

Before presenting the results of our analyses, we wanted to acknowledge several limitations
of the study. First, HERI’s Freshman Survey offered the research team with a comprehensive
instrument to collect baseline data; however, the survey was not originally designed with
this study’s purpose in mind. As a result of analyzing secondary data, we were limited with
respect to the pre-college covariates that may have predicted students’ decision to pursue
and subsequently accept an offer to become a BUILD Scholar. For example, an indicator
about any pre-college research experience may have produced slightly different estimates
predicting students’ participation as BUILD Scholars in their first year of college.

Additionally, quasi-experimental designs are only as good as the set of variables used to
reduce bias. Although we felt we sufficiently accounted for much of the bias between the
treatment and control conditions, there could be unobserved or unmeasured influences that
could have been determinative in students’ decision about participating as a BUILD Scholar.

Our analyses consider the treatment of being a BUILD Scholar to be uniform across all sites.
With currently available data, we were unable to estimate dosage of the overall treatment

or consider the intensity of various elements that likely varied by site. This limitation is not
unique to quasi-experimental studies analyzing survey data or multi-site interventions, and
future research may consider applying a similar approach to the one used in this study to
each site as more data become available. Likewise, our matching approach incorporated site-
level fixed effects rather than estimating propensity scores stratified by site. Our analyses
suggested better matches could be achieved by pooling the data across sites. Additionally,
the goal of the study is to understand the broader effectiveness of BUILD as an intervention
rather than to examine specific site-level differences.
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Finally, we understand that the lack of a randomized controlled trial constrains our ability to
establish direct causal effects of participating as a BUILD Scholar. We believe our careful
approach significantly reduced observed biases between treated cases and cases in the
control group. Future studies may consider single-site investigations that randomly assign
subjects into the treatment/intervention or the control group.

Table 1 demonstrates the extent of bias reduction in the control group pre- and post-
weighting and the extent that sample balance was achieved after applying the propensity
score-based weight to the data. After applying the weights to the sample, we noticed
substantial reductions in the bias between the treatment and control groups on a number

of covariates. Most importantly, with the weights applied, the treatment and control groups
have nearly identical values or distributions on the science identity pre-test, average high
school grades, racial compositions, gender representation, degree aspirations, intended
major, and financial concerns. The data in Table 1 suggest that women outnumber men

in the sample by a 2-to-1 ratio. Scholars were more likely to describe their race as Black
(29.5%), and one in five Scholars described their racial background as multiracial. On
average, Scholars earned high school GPAs in the B+ to A- range with nearly 75% reporting
having earned an A- or better GPA in high school. Nearly half of all BUILD Scholars
aspired to earn a medical doctorate with more than one-third planning to pursue a Ph.D.

or professional doctorate. About 10% of BUILD Scholars reported having major concerns
about their ability to finance their college education while more than half indicated having
some concerns. More than a third of BUILD Scholars reported having no concerns about
financing college. Because some students may have been offered a slot as a BUILD Scholar
prior to taking the Freshman Survey, it is possible that some respondents were already aware
of their status as a BUILD Scholar prior to taking the Freshman Survey, which may have
affected their response to this item regarding concerns about financing college.

Prior to applying weights, we found substantial differences in both the pre-test and post-test
for science identity between BUILD Scholars and their counterparts who did not have

the designation of being a BUILD Scholar during the first year of college. In Table 1

we note that BUILD Scholars (mean science identity = 61.33, SD=6.43) entered college
scoring more than a full standard deviation above the mean on the science identity trait
(note: all latent constructs were scored with a theoretical mean of 50 and a standard
deviation of 10). BUILD Scholars started college scoring roughly one-half of a standard
deviation higher than the mean calculated for the unweighted control group (mean science
identity = 56.29, SD=7.96). Once we applied the weight, the treatment and control groups
no longer significantly differed on incoming science identity. When we examined results
of t-tests for science identity at the end of the first year of college, BUILD Scholars
scored significantly higher (mean=60.68, SD=6.37) than the control group without the
weight applied (mean=55.42, SD=7.07, t=13.73***) and even with the weight applied
(mean=58.17, SD=6.97, t=6.73***),

We also found that BUILD Scholars started college with stronger intentions of pursuing a
biomedical research career than their peers in the control group, as roughly 70% of BUILD
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Scholars indicated they “probably” or “definitely” would pursue such a career compared

to 51.0% of the unweighted responses in the control group. Likewise, BUILD Scholars
started college with higher educational goals with 83.7% of Scholars expressing aspirations
to earn either a medical degree (45.5%) or a Ph.D. or professional doctorate (37.4%).
Comparatively, just over half (51.0%) of the respondents in the unweighted control group
shared these aspirations.

Table 2 shows various stages of the multiple linear regression model with the ATE weight
applied. The table includes unstandardized (b) and standardized () regression coefficients.
Standardized regression coefficients can be interpreted similar to effect sizes, as they
represent the expected change in the outcome (in standard deviation units) associated with
a one-standard deviation change in the input variable. With the ATE weight applied, we
interpret the unstandardized coefficient associated with being a BUILD Scholar as the
average effect on first-year science identity for first-year students meeting the minimum
eligibility to be selected into BUILD, controlling for other measures in the model at that
stage. The unstandardized coefficient for BUILD Scholars was 2.67 when the indicator was
first introduced in the model with the science identity pre-test as the only predictors in

the model (Model 1); this parameter suggests that BUILD Scholars developed significantly
stronger science identities in the first year of college — by about a quarter of a standard
deviation — relative to their counterparts in the weighted control group.

The benefits derived from being a BUILD Scholar remained consistent after adding a
number of covariates in Model 2; however, the parameter estimate associated with the
BUILD Scholar flag experienced a substantial erosion after accounting for three types of
experiences students may have encountered during their first year. The advantage associated
with BUILD Scholars relative to science identity was essentially halved (b=1.38, p<0.001),
about an eighth of a standard deviation, once we accounted for whether students in the
sample had conducted hands-on research, participated in a summer training workshop for
mentors and mentees, and worked with a mentor during their first year. Upon further
examination, we discovered that controlling for whether respondents had worked with a
mentor during their first year of college accounted for most of the attenuation in the effect
of being a BUILD Scholar on science identity. Another way of explaining this change is
that part of the reason BUILD Scholars developed stronger science identities during their
first year of college could be attributed to the fact that many BUILD Scholars worked
directly with one or more mentors, and mentorship positively contributed to students’
science identity development.

In addition to the persistent benefits associated with becoming a BUILD Scholar, several
other covariates emerged as significant predictors of first-year students’ science identity.
The pre-test for science identity had the strongest predictive power (=0.41, p<0.001) of
all of the variables in the final model, as students with stronger science identities at the
start of college tended to also have stronger science identities by the end of the first year.
Asian students tended to report significantly higher scores on science identity compared to
the average student in the sample whereas Native American and multiracial students had
significantly lower science identity scores compared to the average student in the sample.
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Women reported significantly weaker science identities compared to men. This gender gap,
however, was relatively modest compared to other variables in the model.

Rounding out demographics of the sample, the model included several terms related to
students’ socioeconomic status. First-generation students showed no significant difference
in science identity relative to their peers who had at least one parent who had attended at
least some college. Similarly, Pell Grant recipients were not any different from those who
did not receive a Pell Grant in terms of their science identity. By contrast, students who
expressed more concerns about their ability to finance their college education at the start of
their freshman year had significantly weaker science identities by the end of the first year
(B=-0.05, p<0.01).

Considerations related to education and career objectives demonstrated significant
differences in science identity by academic major, degree aspirations, and intentions to
pursue biomedical research careers. Perhaps not surprisingly, natural and social science
majors tended to finish their first year with significantly stronger science identities compared
to non-science majors. Degree aspirations provided more mixed results. Students aspiring to
earn a master’s degree as their highest degree in life did not finish the first year of college
with a science identity that differed significantly from their counterparts with plans for a
bachelor’s degree or less. By contrast, students expecting to earn either a medical doctoral
(p=0.15) or Ph.D. or other professional doctorate ($=0.14) had significantly stronger science
identities by the end of the first year of college compared to their peers anticipating that

the bachelor’s degree would be their highest educational degree. Degree aspirations were
measured as students began college, and the indicators associated with earning a Ph.D. or an
M.D. suggested larger gaps in science identity between those with and those without these
aspirations, compared to the gap suggested by the BUILD Scholar parameter (B-med=0.15,
B-phd=0.14, B-build=0.10).

Beyond goals and aspirations, measures of competence and confidence were significantly
related to science identity. Although high school grades were not determinative in predicting
BUILD Scholar participation, our models suggested that high school grades significantly
and positively correlated with science identity at the end of the first year (8=0.07). Likewise,
students who started college with stronger science self-efficacy tended to finish the first year
feeling significantly more connected to science compared to their peers with lower levels of
science self-efficacy.

Finally, only one of the three first-year experiences significantly correlated with students’
end-of-first-year science identity. As mentioned above, students who reported having
worked closely with a mentor during their first year tended to develop significantly stronger
science identities by the end of the year - about a quarter of a standard deviation higher

than their peers who did not have the opportunity to work with mentors. There were

no significant differences in science identity based on whether students reported having
conducted hands-on research or participated in workshop trainings for mentors and mentees.

The overall model accounted for 49.5% of the variance in science identity at the end of
the first year of college. The BUILD Scholar indicator and the science identity pretest

Res High Educ. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eagan et al.

Page 15

accounted for 7.4% and 27.2% of the variance, respectively, in end-of-first-year science
identity. The introduction of measures related to race/ethnicity explained another 3% of the
variance with the fixed effects of cohort and site adding another 1.8% of explained variance.
Adding students’ majors and socioeconomic measures explained another 1.1%, with degree
aspirations, pre-college competence and confidence, and career plans adding another 4.9%.
Finally, the three first-year experiences added 4.5% of explained variance to the model.

We provide the results of the final regression model without the propensity-score-adjusted
weight in Appendix C. This model accounted for 45.3% of the variance in first-year science
identity. As shown in that table, estimates for the effect of participating in BUILD as a
Scholar on end-of-first-year science identity are quite similar to the estimates in the weighed
models.

As described in the methods section, in addition to the ATE weight, we also calculated
weights for the average treatment effect on the treated (ATT) and the average treatment
effect on the untreated (ATU). When we applied the ATT weight to the data and reran

the linear regression model, we observed similar coefficients for many of the covariates.
The BUILD Scholar indicator measure entered in the first model with an unstandardized
coefficient of 2.43 (p<0.001), suggesting nearly one-quarter of a standard deviation gap
between BUILD Scholars and the control group for science identity. This coefficient
remained remarkably stable in each subsequent model; however, the effect of being a
BUILD Scholar lost its significance in the final model when we introduced whether students
worked closely with a mentor during their first year of college (b=1.27, SE=0.71, p<0.07),
suggesting that the BUILD Scholar experience may not significantly contribute to science
identity among students who are most likely to be selected by sites for this opportunity.
With the data weighted by average treatment effect on the untreated (ATU) weight applied
to the data, the initial gap between BUILD scholars and the control had an unstandardized
coefficient of 3.90 (p<0.001), or roughly four-tenths of a standard deviation difference. In
the final model, the ATU for BUILD Scholars was 1.62 (p<0.001), suggesting the program
provided significant advantages for treated participants’ science identity at the end of the
first year of college relative to the control group. We discuss the implications of these
findings in the next section.

Finally, our tests for interaction terms between BUILD Scholar participation and students’
racial and gender identities did not find any significant conditional effects. Specifically,

the parameters associated with interaction terms between race/ethnicity and BUILD
participation and between gender identity and BUILD participation failed to reach statistical
significance. Additionally, the overall model did not significantly improve when we added
these terms. We therefore conclude that, at least for this particular sample, we do not have
evidence that the benefits of participating in BUILD differentially impact students based on
their racial/ethnic or gender identities.

Discussion

This study intended to describe the characteristics associated with research subjects’
likelihood of participating as BUILD Scholars during their first year of college and the
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extent to which BUILD Scholars developed significantly stronger science identities during
that first year compared to peers who did not become BUILD Scholars. To account for

the nonrandom assignment of individuals into the treatment (Scholar) and control (non-
Scholar) conditions, we followed the counterfactual, quasi-experimental framework posited
by Rosenbaum and Rubin (1983, 1984, 1985) and Guo and Fraser (2010). Our findings
suggest that students of color are more likely to become BUILD Scholars in the first year
of college than white students, and students who have stronger science identities at college
entry have greater likelihoods of becoming BUILD Scholars compared to students who
enter college with weaker connections to science. This finding holds for the four sites (out
of 10) that offer first-year interventions as part of the local BUILD project. Our findings
echo previous research that suggests an interest in science is important for cultivating
science identity (Hazari et al., 2010). Future research needs to interrogate this finding
further to better understand the extent to which students’ science identity or enthusiasm to
conduct research or address some health problem facing their community gets conveyed
to application screeners. Additionally, learning more about how screeners interpret and
translate that enthusiasm into their ratings of applicants would provide additional insight
as to some of the implicit or subtle signals that students may convey when seeking out
opportunities such as the one offered by becoming a BUILD Scholar.

Students with more substantial concerns about financing their college education participated
in BUILD at significantly lower rates. Considering the findings from the final regression
model suggesting that BUILD Scholars derive significant benefits with respect to science
identity even after controlling for financial concerns, these types of programs may be even
more impactful and make more meaningful, lasting contributions toward diversifying the
scientific workforce if financial need was made an essential consideration in selecting
applicants for the opportunity, especially when the opportunity has the level of financial,
academic, personal, and emotional support as many of the BUILD projects.

Turning to the findings related to end-of-first-year science identity, it is encouraging that
BUILD Scholars develop significantly stronger science identities in their first year of college
compared to their counterparts in the control group. Final models with the ATE and ATU
weights applied suggested that BUILD Scholars had a significant advantage in developing
stronger science identities in the first year of college relative to their peers in the control
group. The significance of the ATU model suggests that the BUILD initiatives at the four
sites in this study may provide greater benefits related to changes in science identity for
students less likely to seek out or gain access to the intervention.

By contrast, the lack of significance of the ATT model indicates that the intervention may
not be as effective for students who are most likely to seek out or gain access to the program,
as the ATT effect estimates the effectiveness of treatment among individuals with higher
probabilities of receiving the treatment. In other words, this estimate compares science
identity outcomes among treated and controlled cases that were quite motivated (represented
by degree and career aspirations), already strongly identified with science at college entry,
and less concerned with whether they could finance their college education. Collectively,
these models suggest the program may have opportunities to give greater consideration to
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recruitment efforts targeted to and applications submitted by students who may enter college
with greater financial concerns and more modest science identities.

Findings from the model predicting science identity suggest some differences by race and
gender that persist even after controlling for first-year experiences and BUILD Scholar
participation. Native American and Multiracial students had lower science identity scores
than the average students in the sample at the end of the first year of college. Similarly,
women’s science identity was lower than men. These findings affirm previous studies that
point to differences in science identity across race and gender (Carlone & Johnson, 2007;
Hazari et al., 2010; Hazari et al., 2013) and require further examination. Although the
model also included fixed effects, there are likely relevant climate issues not included in the
model that may help to explain the gaps in science identity present between women and
men and between white students and those from Native American, Asian, and multiracial
backgrounds.

Finally, the critical role of mentors in developing students’ science identity cannot be
overstated. Prior research has found that effective mentorship can enhance science identity
among undergraduate STEM majors (Byars-Winston & Rogers, 2019; Estrada et al., 2018;
Piatt et al., 2019; Robnett et al., 2018). Outside of racial/ethnic identity and the science
identity pretest, the mentorship variable emerged as the strongest predictor of science
identity in the final model. This mentorship variable represents a crude way to operationalize
the recognition component of Carlone and Johnson’s (2007) science identity framework,
but we believe there is much more that future research can unpack from this one indicator
measure. First-year students who worked with mentors tended to be more likely to report
research opportunities and participation in summer training workshops related to mentoring,
which partially explains the lack of significance of those measures in predicting science
identity.

Importantly, although mentorship is a critical component of the BUILD Scholar experience,
our findings raise the question as to whether BUILD sites could do even more with respect
to connecting students - both Scholars and those not designated as Scholars — to mentors.

It is clear that many students outside the Scholar program successfully identified and began
working with mentors during their first year. With respect to institutionalization of useful
and effective strategies derived from the BUILD initiatives, sites might explore low-cost
initiatives that facilitate early and sustained connections between faculty and students to
provide more first-year students with enhanced opportunities to find faculty mentors.

Conclusion

For several decades, federal agencies and private foundations have generously

funded programs designed to cultivate and facilitate the success of individuals from
underrepresented groups. These efforts have undoubtedly contributed to personal success
for the vast majority of the individuals who participated in these initiatives and directly
benefited from their involvement. The evidence is less clear regarding the extent to which
the effectiveness of the strategies implemented by individual campuses have been broadly
tested and implemented, which has curtailed the collective efforts of a number of federal
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agencies and private philanthropic foundations over the past several decades to diversify the
scientific workforce.

This study suggests that NIH’s BUILD Scholar initiative is effective at promoting science
identity among first-year students who meet local sites” minimum eligibility requirements.
Our findings suggest that these strategies, once scaled at other higher education institutions,
may have a more pronounced effect if institutions prioritize applicants who do not fit

an imagined “ideal” participant — one who comes to college having had tremendous
academic success prior to college, generally does not have concerns about financing college,
and already has plans to pursue either a medical doctorate or a Ph.D./other professional
doctorate. Our findings suggest that many of the current BUILD Scholars may have been
just as successful with respect to science identity had they not encountered the BUILD
program. By contrast, when we broaden our analyses to consider all students eligible to
participate as BUILD Scholars at the four sites with first-year BUILD interventions, we see
a significant, modest benefit by the end of the first year. Future research should consider
what other aspects of the BUILD initiative are likely contributing to its success, as our
findings make clear that faculty mentorship during the first year is a critical contributor to
the program’s, and Scholars’, success.
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Appendix A: CFA Factor Loadings and Item Response Theory Parameter

Estimates for Science Identity

IRT Population Parameters CFA Results
Item A Bl B2 B3 B4 LoadingTl LoadingT2
| have a strong sense of belonging to a
community of scientists 352 -0.72 -0.20 0.71 150 0.85 0.85
| think of myself as a scientist 554 -0.04 010 0.85 153 0.84 0.79
| feel like | belong in the field of science 443 -005 -0.11 047 1.06 0.76 0.79
| derive great personal satisfaction from
working on a team that is doing important
research 178 -182 -111 0.09 1.30 0.64 0.60

Appendix B: Parameter Estimates from Logistic Regression Predicting
BUILD Scholar Status

B SE. Sig. Exp(B)

Degree aspiration: Masters (ref. bachelor’s or less) 119 064 0.06 3.30
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B SE. Sig. Exp(B)
Degree aspiration: Medical doctorate or equivalent (ref. bachelor’s degree or less) 2.10 0.62 0.00 8.19
Ph.D. or professional doctorate (ref. bachelor’s degree or less) 182 062 0.00 6.17
Gender: women (ref. men) 0.14 0.21 0.50 1.15
Pre-test: Science Identity score from the Freshman Survey 0.08 0.02 0.00 1.08
Race: Native American 0.95 1.05 0.07 2.59
Race: Asian -0.72 029 0.01 0.49
Race: Black 0.61 027 0.03 1.84
Race: Latino -0.15 037 0.67 0.86
Race: Other 0.49 0.54 0.36 1.63
Race: Multiracial 011 027 0.70 111
Race: White -1.29 0.27 0.00 0.28
Average high school grades 004 0.08 0.63 1.04
Status: first-generation student (yes v. no) 0.14 0.22 0.54 1.15
Site: A (ref: Site D) 0.14 046 0.77 1.15
Site: B (ref: Site D) 0.54 0.23 0.02 171
Site: C (ref: Site D) -1.08 040 0.01 0.34
Cohort: 1 (ref: Cohort 4) 1.01 028 0.00 2.74
Cohort: 2 (ref: Cohort 4) 0.37 031 0.24 1.45
Cohort: 3 (ref: Cohort 4) 0.22 0.26 0.40 1.25
Major: Natural sciences (ref. non-science majors) 146 061 0.02 431
Major: Social sciences (ref. non-science majors) 172 069 0.01 5.59
Level of concern about ability to pay for college -0.43 0.14 0.00 0.65
Constant -11.25 131 0.00 0.00

Appendix C: Unweighted Multiple Linear Regression Results Predicting

Science ldentity

Independent Variables

b SE B

Constant 2385 1.40

BUILD Scholar (ref.: control group) 129 043 005"
Pre-test: Science Identity 041 002 0457
Race: Black 053 055 0.04
Race: Asian 154 052 0157
Race: Native American -365 174 -0.20
Race: Multiracial 0.37 052 0.03
Race: Latino 0.89 0.59 0.07
Race: Other 055 1.00 0.03
Race: Unknown -0.68 238 -0.04
Race: White 0.44  0.49 0.04
Gender: Women (ref.: men) -048 0.28 -0.03
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Independent Variables
b SE B
First-Generation Student (y/n) 0.07 031 0.01
Site: A (ref.: site D) 049 050 0.02
Site: B (ref.: site D) -0.25 033 -0.02
Site: C (ref.: site D) 0.73  0.49 0.04
Cohort 2 (ref.: cohort 1) -055 0.38 -0.03
Cohort 3 (ref.: cohort 1) 033 044 0.02
Cohort 4 (ref.: cohort 1) -118 032 -0.08"
Major: Natural sciences (ref.: non-science major) 275 043 0157
Major: Social sciences (ref.: non-science major) 156 059 0.06"
Financial concerns -023 020 -0.02
Pell Recipient (ref.: did not receive Pell grant) 019 023 -0.02
Biomedical science research career: Definitely no (ref.: Uncertain) -0.44 050 -0.02
Biomedical science research career: Probably no (ref.: Uncertain) -0.77 043 -0.04
Biomedical science research career: Probably yes (ref.: Uncertain) 0.34 0.38 0.02
Biomedical science research career: Definitely yes (ref.: Uncertain) 0.65 0.39 0.04
High school GPA 021 011 0.04
Science self-efficacy from TFS 006 001 008"
Aspiration: Master’s degree (ref: bachelor’s degree aspiration) 011 042 0.01
Aspiration: Medical doctorate (ref: bachelor’s degree aspiration) 197 045 0127
Aspiration: Ph.D. or other Professional Doctorate (ref: bachelor’s degree aspiration)  1.45  0.44 0.09
Aspiration: Missing (ref: bachelor’s degree aspiration) 0.67 1.27 0.01
Summer training for mentors and mentees (y/n) 069 040 0.03
Conducted hands-on research (y/n) 080 0.34 0.04
Conducted hands-on research (missing) 1.23 057 0.04
Had at least one mentor during first year (y/n) 155 028 010
Had a least one mentor during first year (missing) -034 062 -0017
*indicates p<0.01
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