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ABSTRACT

Many students who enroll in a public U.S. 4-y college will not graduate. The odds of com-
pleting a college degree are even lower for students who have been marginalized in higher
education, especially in Science, Technology, Engineering, and Math (STEM) fields. Can un-
dergraduate research increase a student’s likelihood of graduating college and close edu-
cational equity gaps in college completion? To answer this question, we use data from six
public U.S. universities (N = 120,308 students) and use Propensity Score Matching to gen-
erate a comparison group for analyses. We conducted logistic regressions on graduation
rates and equity gaps in 4 and 6 y using the matched comparison group and undergraduate
researchers in STEM (n = 2727). When being compared with like-peers and controlling for
background characteristics and prior academic performance, students who participated in
undergraduate research were twice as likely to graduate in 4 y and over 10 times as likely to
graduate in 6 y. We also found that equity gaps in 4-y graduation rates for students of color,
low-income, and first-generation students were cut in half for undergraduate researchers.
At 6y, these gaps were completely closed for undergraduate researchers. As we seek ways
to close education gaps and increase graduation rates, undergraduate research can be a
meaningful practice to improve student success.

INTRODUCTION
High-impact practices such as undergraduate research (UR) have demonstrated a
compensatory effect where students who have been marginalized in education
because of their socioeconomic status or their race/ethnicity benefit the most from
these practices (Kinzie et al. 2008). Though the compensatory effect of UR has not
been systematically tested on graduation rates, prior studies substantiate why research
participation may increase graduation rates and reduce equity gaps. The opportunity
for students to work with faculty on research can be a transformative experience
(Olivares-Donoso and Gonzélez, 2019). Students who participate in UR build import-
ant connections within their major (Aikens et al., 2016), develop resiliency and prob-
lem-solving strategies (Cartrette and Melroe-Lehrman 2012), and feel more prepared
for graduate education (Hathaway et al., 2002). Additionally, students who partici-
pate in research identify more with their field (Hurtado et al., 2011), build critical
skills like communication and teamwork (Carter et al., 2016), and report greater
self-efficacy and higher-order learning (Kuh et al., 2010; Robnett et al., 2015).
Exposure to UR may also enhance STEM persistence among marginalized student
populations. Students of color are more likely to encounter academic obstacles includ-
ing lower levels of sense of belonging (Hausmann et al., 2009) and STEM identity
(Chang et al., 2011) compared with their White and Asian peers. Different external
factors can hinder persistence for marginalized students including social factors that
impact first-generation college students (Stephens et al., 2012), larger institutional
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structures and norms that reinforce racial bias (Chang et al.,
2011), and individual discriminatory experiences based on
social class (Yee, 2016). While marginalized students possess
cultural strengths (e.g., in-home knowledge, life experiences,
and resourcefulness) these assets are often undervalued by
higher education institutions (Kiyama and Rios-Aguilar, 2017).
Similarly, hostile STEM interactions (i.e., unsupportive profes-
sors and peers) and lack of relatability with course material can
discourage overall degree completion (Johnson, 2012; Smith
and Lucena, 2016; Wilkins-Yel et al., 2022). Thus, it is neces-
sary to investigate interventions such as UR that enhance inter-
est and success in STEM, increase representation in academic
STEM settings, and diversify the STEM workforce. In the pres-
ent study, we consider UR as a potential mechanism for increas-
ing equity by first examining some of the sources of the equity
gaps in college completion, then discussing how UR might mit-
igate these inequities, and finally by conducting a post hoc qua-
siexperimental study on the relationship between UR and col-
lege graduation rates.

Sources of the Equity Gap in College Completion

Many students who pursue a college degree never finish their
degree. An incoming student at a public U.S. 4-y college only
has a 36% chance of graduating in 4 y and a 59% chance of
graduating in 6 y (NCES, 2019). The odds of completing a col-
lege degree are even lower for students who have been tradi-
tionally marginalized and underserved in higher education
because of their socioeconomic status or their race/ethnicity,
especially in Science, Technology, Engineering, and Math
(STEM) fields. Low-income and first-generation college stu-
dents are less likely to graduate college (Wilbur and Roscigno,
2016) but those that do graduate receive tremendous economic
benefits over their lifetime (Stephens et al., 2014; Manzoni and
Streib, 2019). Similarly, students of color in STEM are more
likely to transfer out STEM or stop out of college completely
(NCES, 2019; Riegle-Crumb et al., 2019). These equity gaps for
marginalized students in STEM fields have dramatic economic
and social ramifications. Individuals who earn a bachelor’s
degree have 84% higher lifetime earnings compared with those
who have a high school diploma and 50% higher lifetime earn-
ings than those who started college but never earned a bache-
lor’s degree (Carnevale et al., 2011). Effects of racial discrimi-
nation, gender discrimination, and other forms of inequality
may compound and amplify these disparities over the course of
individuals’ lives (Nunley et al., 2015).

Equity gaps between traditionally privileged students (e.g.,
higher-SES students, White students, and students whose par-
ents have college degrees) and marginalized students (e.g.,
lower-income students, students of color, and first-generation
college students) have numerous structural and systemic
causes. A full accounting of these causes is beyond the scope of
this paper. Instead, we focus on specific mechanisms of eco-
nomic, social, and cultural capital by which some students are
disadvantaged in college while others are comparatively privi-
leged (Bourdieu, 1986; Walpole, 2003).

Disparities in economic capital can affect college completion
as students from low-income families may struggle to afford
college tuition and associated costs (Cabrera et al., 1990;
Goldrick-Rab, 2016). They may also struggle with food or hous-
ing insecurity and the physical and emotional stresses that

23:arll, 2

accompany these conditions (Broton and Goldrick-Rab, 2018;
Goldrick-Rab et al., 2019). Many low-income students meet
their expenses through part- or full-time employment during
school; however, employment that surpasses 15 h per week is
associated with reduced chances of college completion (Perna,
2010). This effect may happen because of conflicts between the
time required for employment and the time required for
coursework.

Even when school and work schedules do not conflict, stu-
dents with jobs may be unable to participate in social gatherings
or extracurricular opportunities which could otherwise enable
them to form stronger relationships with college faculty, staff,
and peers (Means and Pyne, 2017). Thus, a lack of economic
capital may prevent students from accessing specific forms of
social capital that could facilitate their degree completion and
long-term success. We should note that students employed
during college often develop invaluable knowledge, experience,
and social relationships through their employment; however,
higher education institutions do not always value these relation-
ships, experiences, and knowledge (McClellan et al., 2018).

Disparities in cultural capital — for example, disparities in
parental education — may also affect college completion. All stu-
dents and all parents possess a wealth of valuable knowledge,
skills, perspectives, and experiences. However, institutions of
higher education are designed to value specific (and often nar-
rowly defined) knowledge, skills, perspectives, and experiences
(Yosso, 2005). Students whose parents did not complete 4-y
degrees may be less knowledgeable about the hidden curricula
of academia compared with higher-SES peers whose parents
did complete such degrees (Cabrera and La Nasa, 2000). Fur-
thermore, they may perceive themselves as “not belonging”
within the university environment. This feeling of “belonging
uncertainty” can make students reluctant to take advantage of
university resources that might help them develop the specific
forms of cultural capital valued by the university (Walton and
Cohen, 2007, 2011). Thus, students who lack a specific and
narrowly defined form of cultural capital (i.e., parental knowl-
edge of college) may be less likely than their more privileged
peers to access university resources and experiences such as UR
that could facilitate their degree completion and long-term
success.

These disparities in economic, social, and cultural capital
can contribute to inequities in college completion. However,
these inequities are not inevitable. At their inception, higher
education institutions in the United States primarily served a
narrow sector of the population: relatively high-SES, male,
European American students (Thelin, 2011). With the excep-
tion of Minority Serving Institutions such as Historically Black
Colleges and Universities or Tribal Colleges, institutions were
designed with students from this narrow sector of the popula-
tion in mind (Gasman et al., 2015). However, in recent decades,
many institutions have sought to redesign themselves in order
to better serve the diverse population of the United States. One
way in which institutions have sought to serve their diverse stu-
dent bodies has been through UR (Jones et al., 2010; Eagan
et al., 2013). Forms of capital influence who participates in UR
through economic barriers, access to social capital related to
research, and cultural capital in college for the students who
stand to benefit the most from participation (Kinzie et al.,
2008). UR has shown promise at reducing inequities in student
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outcomes. We argue that it may support equity through its
impacts on economic capital related to future earnings from
degree completion, social capital through faculty and peer con-
nections, and cultural capital in increased knowledge of STEM
career options.

UR: A Mechanism to Reduce Equity Gaps

UR experiences may disrupt mechanisms of inequality by
promoting more equitable student access to specific forms of
economic, social, and cultural capital (Aikens et al., 2016;
Thompson and Jensen-Ryan, 2018). For example, marginalized
students may not have the time or financial resources to engage
in unpaid research work — but if these students have access to
paid research opportunities, UR could help students add to or
maintain their personal finances rather than impeding them
from participation. In this way, UR can provide students with
economic capital while simultaneously helping students
develop specific forms of social and cultural capital that are
traditionally valued by universities. Other types of student
employment (e.g., working in a campus bookstore or restau-
rant) may help students develop valuable economic, social, and
cultural capital as well; however, these forms of social and cul-
tural capital are less likely to include the specific forms tradi-
tionally valued by universities.

UR can support students’ development of social capital in
several ways. For example, students who participate in men-
tored UR may have transformative experiences collaborating
with university faculty (Olivares-Donoso and Gonzdlez,
2019) and even more positive experiences working with both
faculty and graduate students or postdoctoral researchers
(Aikens et al., 2016). These social relationships can help stu-
dents develop strong identities as researchers and may allevi-
ate students’ uncertainty about their sense of belonging
within the institution or the discipline, leading them to
respond to challenges and adversity in adaptive ways (Rob-
nett et al., 2015). Furthermore, these social relationships can
cultivate students’ underlying motivations for learning differ-
ent disciplinary knowledge or skills. For example, ethno-
graphic research by Artemeva (2011) illustrated how social
relationships with research team members can lead an under-
graduate to engage more deeply and reflectively in important
activities such as science writing. For students who work in
courses, labs, or research teams with fellow undergraduates,
group activities with peers can also contribute to interper-
sonal relationships that support students’ sense of self-effi-
cacy, short-term learning, and long-term academic success
(Cohen et al., 1999).

Research experiences can also directly or indirectly help stu-
dents develop numerous forms of cultural capital valued by the
university. These may include resiliency and problem-solving
strategies (Cartrette and Melroe-Lehrman, 2012), greater
self-efficacy, and higher-order learning (Kuh et al., 2010; Rob-
nett et al., 2015), critical skills such as communication and
teamwork (Carter et al., 2016), a greater sense of identification
with their field (Hurtado et al., 2011), and a feeling of pre-
paredness for graduate education (Hathaway et al., 2002). Ulti-
mately, these experiences can benefit low-SES students and
students of color and reduce achievement gaps between these
students and their traditionally privileged peers (Kinzie et al.,
2008).
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In addition to supporting degree attainment generally, UR
experiences can increase STEM degree attainment for margin-
alized students through economic, social, and cultural capital.
The mentor-mentee relationships developed during UR can be
essential to students’ persistence and achievement in STEM
(Haeger and Fresquez, 2016). Career guidance, expanding
research skillsets, and broadening a social network are benefi-
cial for students’ belonging in STEM (Schwartz, 2012). Oppor-
tunities to learn about the research process could contribute to
students’ connection with STEM and to their perceptions of
themselves as capable of pursuing and attaining their degree. It
is evident that UR comes with multiple advantages (i.e., inter-
est in graduate education, critical thinking skills, and navigat-
ing STEM environments) that boost STEM interest and per-
sistence (Huggins et al., 2019). While inequitable systemic
structures are deeply embedded in the culture of universities,
UR experiences could mitigate the personal and academic chal-
lenges that marginalized students are more at risk of encoun-
tering. In doing so, STEM graduation rates can increase and, as
a result, broaden the representation of individuals with varying
cultural and ethnic backgrounds in STEM occupations.

Despite the abundant research on the benefits of UR and its
potential to have a compensatory effect, there has not been a
systematic analysis of how UR might be used to increase degree
completion and close equity gaps in STEM. Previous research
and national calls for action (National Academies of Sciences,
Engineering and Medicine, 2017) have highlighted the need for
more direct measures of academic success and have encour-
aged employing methodologically different approaches to
demonstrating the impact of UR. Haeger and Fresquez’s (2016)
quasiexperimental study on mentoring for inclusion demon-
strated the positive relationship between mentored research
and academic performance, but their study relied on data from
a single institution. We aim to respond to those calls by replicat-
ing the post hoc, quasiexperimental study by Haeger and
Fresquez (2016) on a direct measure of student success using a
larger sample of data from six U.S. public universities.

To explore whether UR can increase a student’s likelihood of
graduating college and close equity gaps in STEM college com-
pletion, we will answer the following questions:

1. Are there disparities in who participates in UR?

2. Do students who participate in UR have an increased likeli-
hood of graduating in 4 or 6 y when compared with like-
peers and controlling for student background characteristics?

3. How does participation in an UR experience impact equity
gaps and graduation rates for marginalized students in
STEM (first-generation students, low-income students, and
students of color)?

Exploring these questions will provide actionable guidance
for faculty, staff, and policymakers working to advance equity
in higher education and in broader U.S. society. This guidance
is especially important, as college budgets constrict due to cri-
ses of lower enrolment or budget restrictions, and as institu-
tions make crucial decisions about how to best support educa-
tional equity with limited resources.

METHODS
To systematically explore UR as a mechanism for educational
equity, we have collected data from six public institutions in the
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U.S. on UR participation, student characteristics, academic per-
formance, and time-to-graduation. To demonstrate the poten-
tial variability of impact, we have selected institutions that vary
in size, location, and population served. We utilize a post hoc,
quasiexperimental design to reduce self-selection bias. Propen-
sity score matching (PSM), a methodology recognized by the
Department of Education’s What Works Clearinghouse as
means of simulating random assignment (Song and Herman,
2010), is used to create an appropriate comparison group of
like-peers, allowing us to better understand the impact of par-
ticipation in UR on the likelihood of degree attainment.

Our study aims to contribute to the understanding of the
impact of UR by addressing common limitations in previous
studies. Previous research on UR is often limited by at least one,
if not several, of the following factors:

1. Measures: research using solely proxies for academic
achievement rather than direct measures outcomes.

2. Generalizability: data are collected from a single institution/
program.

3. Methodology: study design does not include an appropriate
control/comparison group.

Research on UR has relied heavily on subjective measures
including student self-reported learning and development.
Though students’ perceptions of their learning are unquestion-
ably valuable, they are also heavily associated with satisfaction
and are subjective measures of actual learning and develop-
ment (Pike, 2011). Research is needed that utilizes more stan-
dardized measures and looks beyond self-reported data. The
research that has used more direct measures has largely been
focused on a single institution, making it unclear if the impact
of that specific UR program is generalizable to other programs
and campuses (Nagda et al., 1998; Haeger and Fresquez,
2016).

A recent, multi-institution study looked at the relationships
between high-impact practices, including UR, and campus
level graduation rates (Johnson and Stage, 2018). Though this
study included many institutions and a direct measure of suc-
cess, it focused on the correlation between institutionalization
of high-impact practices (ranging from: not available, offered,
to required) and then the overall campus graduation rate.
However, this approach does not account for variation in the
type nor the extent of high-impact practice participation, par-
ticularly in the case of universities where such practices are
offered but not required. Our study includes data from multi-
ple campuses and focuses on the impact of participating in
faculty-mentored research experiences on overall student
success.

Finally, very few studies follow an experimental or quasiex-
perimental design that used randomly assigned control groups
or statistical modelling to simulate random assignment with the
exception of a few studies which only utilized single institution
samples and were not replicated on other campuses (Nagda
et al., 1998; Pender et al., 2010; Haeger and Fresquez, 2016).
Without random assignment to UR and a control/comparison
group or modelling to otherwise account for differences
between students who self-select into UR and those that do not,
it is not possible to tell if students are high achieving because
they participated in UR or if high achieving students are simply
more likely to self-select into participating in UR.
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Our study aims to address these gaps in understanding by
looking at a direct measure of student success, primarily the
likelihood of graduating college, at six different institutions,
and through a post hoc, quasiexperimental design. Though
graduation does not account for the richness or the full breadth
of the impact of UR, it is a critically import metric that has real-
life career and financial implications for students.

To understand how undergraduate researchers (URs) differ
from the general student population and how UR relates to
timely graduation, as well as address limitations in previous
research, we use data from multiple campuses, employ a post
hoc quasiexperimental design, and control for students’ back-
ground characteristics and prior academic performance. The
study was submitted to the Institutional Review Board at Cali-
fornia State University, Monterey Bay. The research was classi-
fied not as human subjects research because we were using
deidentified institutional records with no means to identify
individuals. Data from each institution was deidentified by that
university’s Institutional Research Office before inclusion in the
multi-institution dataset.

Sample

We collected data from six public universities across the U.S. for
a total sample of 120,308 students. We conducted analyses
about the relationship between UR and graduation rates on a
subsample of these data that includes only students whose
entrance status was as a first-time, full-time student (excluding
transfer students and part-time students), and who were
enrolled in STEM majors by the end of their second year (n =
12,449; see Table 1 for subsample demographics). Of these stu-
dents, 11% (n = 1426) were URs. The institutions all have
established UR programs and were recruited through the Coun-
cil on Undergraduate Research (CUR). Institutions were
recruited through CUR at their annual business meeting and
conference. Institutions were selected based on their ability to
systematically identify students who participated mentored,
out-of-class, UR experiences and to connect those data to insti-
tutional records. The participating institutions include Univer-
sity of Texas-Arlington, University of Wisconsin-Eau Claire,
George Mason University, California State Polytechnic Univer-
sity-Pomona, California State University-Monterey Bay, and
University of North Carolina at Greensboro. Data were collected
from entering cohort years 2008-2011 in order to examine
graduation rates at 4 and 6 y. The six universities in this sample
differ in size, location, and student populations served includ-
ing both Predominately White Institutions and Minority Serv-
ing Institutions, but they all share a commitment to UR and to
engaging marginalized students in research opportunities.

We use institutional data from each university; therefore,
the students’ race/ethnicity and gender are what is reported in
the institutional record and conform to Integrated Postsecond-
ary Education Data System (IPEDS) standards. This means that
there is very little missing data in the institutional records apart
from parental education and prior academic performance that
had a small amount of missing data. Cases with missing data
were excluded from the matching and further analysis. In using
institutional data, we acknowledge the limitation of simplifying
racial and gender identity in this way because these data
excludes any nonbinary gender identities or any changes in
gender identity for transgender students.
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TABLE 1. STEM sample descriptive statistics (N = 12,449) All student demographics are binary coded, 0 = no and 1 = yes so that the means
can be converted to percentages for each group (i.e., a mean of 0.11 for participation in UR means that 11% of students participated in UR).

N Min. Max Mean SD
White 12449 0 1 0.43 0.495
Black 12449 0 1 0.09 0.289
Asian/Pacific Islander 12449 0 1 0.18 0.384
Native American 12449 0 1 0.00 0.054
Latino/a/x 12449 0 1 0.17 0.378
Two or more races selected 12449 0 1 0.04 0.188
Gender Female 12446 0 1 0.44 0.496
First-generation in college 12210 0 1 0.28 0.450
Pell eligible ever 12449 0 1 0.39 0.487
Participation in UR 12449 0 1 0.11 0.318
Prior Academic Performance 12144 .0 4 3.18 0.60540

The designation of UR participation is based on records kept
by the UR programs at each campus. For this study, UR is con-
ceptualized as undergraduate participation in research, outside
of class, and mentored by faculty, graduate students, or post-
doctoral researchers. URs in the study received payment or aca-
demic credit for their participation; however, due to differences
in data collection at each institution, we are not able to distin-
guish which students received funding and which received
credit. Future studies should explore the differential impact of
funded and credited or unfunded research. The scope of the
current project does not include course-based research, but
future studies should also examine that intervention.

We use Pell grant eligibility as a proxy for family income to
account for the experience of lower-income students. The vast
majority of Pell eligible students also received Pell grants, but
because of differences in tracking between institutions, we only
use Pell eligibility and not actual Pell recipient as our measure.
Whether a student is a first-generation college student is used
as a measure of socioeconomic status and parental education
(Means and Pyne, 2017). This measure is based on the univer-
sity’s designation of the student as first-generation or not, and
there is some variability with whether students whose parents
attended college without graduating are counted as first-gener-
ation in college.

It is often assumed that higher performing students are more
likely to participate in research both because of self-selection
and faculty-mentor selection bias. For this reason, it was critical
to include a measure of prior academic performance. We used
the cumulative GPA after the first year of attendance as a mea-
sure of prior academic performance except for one campus
where incoming GPA (i.e., high school GPA) was used instead.

A strength of this sample of institutions is that multiple cam-
puses serve a diverse population of students. One campus is a
Minority Serving Institution, and another serves a large propor-
tion of low-income and first-generation students. The other
campuses include programs to promote inclusion and diversity
in UR resulting in a diverse population of researchers. Previous
studies of UR have often been conducted at Predominantly
White Institutions and have included larger proportions of tra-
ditionally privileged students (e.g., middle-to-upper-income,
from college educated families, and White students; Haeger
et al.,, 2015). Having a more representatively diverse sample
allows us to further test the impact of UR on all students and
not just traditionally privileged students.
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Post Hoc Quasiexperimental Design

A common critique of research on UR and student success is
that there are inherent differences between students who
self-select into research opportunities and those who do not.
Since we cannot randomly assign students to participate in
research experiences, we use a post hoc statistical method to
create a group of like-peers — students that are similar to the
population of URs (Dehejia and Wahba, 2002). We used PSM
to calculate a student’s likelihood of participating in UR and
then find a comparison group of students who were just as
likely to do engage in research but did not participate for vari-
ous reasons (Rosenbaum and Rubin, 1985; Peikes et al., 2008).
To create this matched comparison group, we used SPSS soft-
ware and replicated the matching procedures used in Haeger
and Fresquez (2016).

To answer the first research question and determine how
URs were similar or different from the general student popula-
tion, we conducted t tests (see Table 2) between UR partici-
pants and the general population within each institution on:
gender, race/ethnicity, parental education, Pell eligibility,
transfer status, major, and prior academic performance.

We then conducted logistic models predicting probability of
participating in UR at each institution. Any characteristic that
was significantly related to UR participation was used in the
PSM model for that institution (see Table 2 for significant vari-
ables that were used to calculate the propensity score). Prior
academic performance was the only significant predictor of UR
participation that was consistent across all six institutions. This
variability illustrates the importance of calculating the propen-
sity score nested within institution to create the strongest match
for that specific student population.

A logistic model using these characteristics as covariates was
used to create a propensity score for the probability of partici-
pating in UR at each institution. In this model, the dependent
variable is the probability/odds of participating in UR for each
student, given the chosen covariates (Rosenbaum and Rubin,
1985; Peikes et al., 2008). Nearest neighbor matching was used
to match students who conducted research with students who
had not been in UR (Austin, 2014). This involved matching
treatment group students (UR participants) with comparison
groups students (students who did not participate in UR) by
matching them based on propensity scores for optimal match-
ing and only accepting differences between propensity scores
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TABLE 2. Difference in URs and the general student population. The numbers represent the percentage of URs in each category minus the
percentage of students who have not participated in research in each category, so that positive numbers mean that the category is
overrepresented in UR. Negative numbers mean that those students are underrepresented in UR (* p < 0.01 and ** p < 0.001), items in bold
are all statistically significant based on the mean comparison. 'Difference in early career GPA instead of percentage. 2 University 1 provided
incoming GPA (high school or transfer) instead of early GPA. The relationship was also significant and positive.

Univ. 1 Univ. 2 Univ. 3 Univ.4 Univ. 5 Univ. 6
Enter Status, First-Time, First-Year 8%** 8%* 28%** —6%** -1% 51%**
STEM 9%** 43%** 4% 32%** 6% 55%**
White 0% 5% 9% 1% 1% -5%
Black 0% 0% 1% 1% -11%** —6%*
Asian 1% 4%* —4%* -3%* 5% 7%*
Native American 0% 1% 0% 0% 1% 0%
Latino/a/x 0% —6% 2% -1% 9%* -3%
Multi-Racial 1% -3%* 1%* 1% 0% 3%
Gender Female 2% —1%** —8%** -1% -5% -19%**
Pell Eligible 1% 1% 0% 8% 0% -1%
First-Generation 3%* 2% —4%* 8%** 0% -1%
Prior Academic Performance! +*%Q 0.33** 0.11%* 0.20%* 0.20%* 0.58**

less than 0.000001. The t tests were conducted to test differ-
ence in the comparison and treatment groups on prior aca-
demic performance, parental education, Pell eligibility, race/
ethnicity, gender, and entering status. Before matching, each
university had a number of significant differences between UR
student population and the general student population (see
Table 2), but after matching, these differences were dramati-
cally reduced and not statistically significant. Where there were
differences between the treatment and comparison groups in
different dimensions of identity, the treatment group tended to
contain a relatively greater proportion of students who have a
marginalized identity (i.e., more low-SES students, more first-
gen students, more students of color) in the UR group. There-
fore, if we assume that there is a general tendency for relatively
more privileged students to be advantaged in college outcomes
and for relatively less privileged students to be disadvantaged,
we could expect that this pattern would err on the side of
underestimating benefits of UR.

Once the matching was completed, data from all the univer-
sities was merged to create the final dataset for analysis. The
matched sample includes a comparison group that is similar to
the UR group, though the match is not exact. We were limited
by the variables available from each campus and recognize that
other factors may allow future researchers to create a better
model for matching. Despite this fact, the matched sample still
provides a similar group of like-peers for comparison. Most crit-
ically, the difference in prior academic performance is dramati-
cally reduced from a GPA difference of 0.26 in the full sample
to a difference of 0.01 in the matched sample.

Data Analysis

Independent sample ¢ tests with Cohen’s d calculations were
conducted on the full, prematched dataset to answer the first
research question of who participates in research and to test for
differences in graduation rates. All further analyses were con-
ducted on the matched and merged dataset. To answer the sec-
ond research question, we conducted logistic regressions to
estimate the impact of UR on the likelihood of graduating in
STEM at 4 or 6y, controlling for students’ characteristics (e.g.,
race, gender, parental education, and Pell eligibility) and prior
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academic performance. All items in the regression were tested
for inter-item collinearity with no substantive differences found,
which include all significant correlations < 0.25. We used the
Nagelkerke (1991) R? as a measure of model fit and report this
in the regression analysis. R? was tested on student background
characteristics and prior academic performance and compared
with the model including UR to assess improvement in model
fit (Menard, 2000). All regression models were improved with
the inclusion of UR and the final, full models are presented in
the findings section.

To answer the third research question, we also conducted
descriptive analyses and logistic regressions on a subset of the
matched dataset to assess the impact of participation in UR for
students who have been marginalized in STEM. The subset of
the sample included comparison and treatment sample stu-
dents majoring in STEM fields and who belonged to one or
more of these marginalized groups: students of color (Black,
Latino/a/x, Native American, or multiracial), first-generation
college students, and Pell eligible students [n = 1254]). These
students continue to experience equity gaps as a consequence
of ongoing inequities and marginalization inside and outside
college. This analysis will further explore whether participating
in UR can increase graduation rates and reduce equity gaps.

FINDINGS

To answer our first research question on whether there are dis-
parities in who participates in UR, we conducted t tests on the
full, prematched sample of STEM students (see Table 3).

Effect size (Cohen’s d) calculated on the magnitude of the
difference between URs and students who have not partici-
pated in research. To interpret effect size: ES < 0.20 trivial, 0.20
to 0.49 small, 0.50 to 0.79 medium, and 0.80 or greater is large
(Fritz et al., 2012).

We found significant gaps in participating in research in
terms of race/ethnicity, parental education, income level, and
prior academic performance (Table 3). The largest difference
was in prior academic performance. URs had a higher average
GPA when starting college (3.15 nonresearchers and 3.41 for
researchers, effect size = 0.4, t = 5.89, df = 1642, p < 0.001).
Differences in ethnicities was variable by campus (see Table 2),
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TABLE 3. Research Question 1. Mean comparisons between UR and general student population (non-UR) in STEM (n = 12,449) on full,
prematched sample of STEM students (**p < 0.001). All student demographics are binary coded, 0 = no and 1 = yes so that the means can
be converted to percentages for each group (i.e., a mean of 0.43 [non-UR] and 0.46 [UR] for White means that 43% of the control group
[non-UR] are identified as White compared with 46% of students in UR). All student demographic variables are presented as the percentage
of representation in that category for the control and treatment groups.

Average Representation Average GPA Cohen’s d

Non-UR UR Non-UR UR Effect Size
White 43% 46% 0.06
Black 10%** 49%** 0.19
Asian/Pacific Islander 18% 18% 0.00
Native American 0.3% 0.4% 0.00
Latino/a/x 17%** 20%** 0.08
Multi-racial 4% 4% 0.00
Gender (Female) 44% 42% 0.04
First Generation 27%** 34%** 0.15
Pell Eligible 38%*** 42%** 0.08
Prior Academic Performance (GPA) 3.15%* 3.41** 0.43

but the population of URs included more Latino/a/x students
(effect size = 0.08, t = -2.94, df = 1761, p < 0.001) and fewer
Black students (effect size =0.19, t =9.01, df = 2297, p < 0.001)
across the institutions. These institutions also had higher pro-
portions of first-generation and low-income students in UR
than in the general student population.

Graduation Rates

To explore the second research question on the relationship
between UR participation and likelihood of graduation, we con-
ducted descriptive and regression analysis. In a descriptive
analysis (t test) of the match sample, we see that STEM stu-
dents who participated in UR graduated at dramatically and
significantly higher rates than their matched peer group (see
Figure 1). At 4y, 39% of URs graduated compared with 23% of
their like peers (4-y graduation: t = 7.82, df = 2162, p < 0.001).
The increase in graduation rates was even more dramatic at 6 y
with 95% of URs graduating compared with 56% of their peers
(6-y graduation: t = 25.39, df = 2162, p < 0.001).

100%
90%
80%
70%
60%
50%

39%
40%

Graduation Rates

30%

20%

10%

0%

# Like Peers W UR

FIGURE 1. STEM graduation rate comparison between URs and like peers at 4- and 6-y

(n=2727).
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To further test these patterns of higher graduation rates for
UR participants, we conducted logistic regressions on the com-
bined and matched dataset of STEM students for graduation in
4 and 6y (Table 4).

The results of the regressions demonstrate that STEM stu-
dents who have done UR are dramatically more likely to grad-
uate within 4 and 6 y when compared with like peers and when
controlling for background characteristics and prior academic
performance. Students who participated in research were twice
as likely to graduate in 4 y (Exp [B] = 1.964) and more than 10
times as likely to graduate in 6 y (Exp [B] = 11.295). The exper-
imental betas for UR should not be directly compared with the
experimental betas for other variables because using a matched
sample may increase the variance in UR.

In addition to the dramatic impact of UR, a number of other
factors were also significantly related to likelihood of gradua-
tion. Predictably, prior academic performance was the stron-
gest, positive predictor of graduation. Though there were mar-
ginally significant differences by race/ethnicity in 4-year

graduation rates, these were not signifi-
cant at 6 y, and none of the interaction
95% terms were significant.

Closing Equity Gaps in Graduation
Rates

The previous analyses demonstrate that
there are unequal patterns of participa-
tion in UR in terms of race/ethnicity and
socioeconomic status (though these vary
greatly by institution) and that participa-
tion in UR is related to increased likeli-
hood of graduating college. To answer
the third research question, the next set
of analyses explores a subset of the data
for students marginalized in STEM (stu-
dents majoring in STEM fields who were
Black, Latino/a/x, Native American, or
multiracial, a first-generation college stu-
dent, or were Pell eligible [n = 1254]). As
seen in Figure 2, marginalized URs in
STEM graduate at much higher rates than

23:arll, 7



H. Haeger et al.

TABLE 4. Logistic regressions on the likelihood of graduating in
STEM (n=2727; * p < 0.01 and ** p < 0.001)., Experimental Beta
coefficients are presented as odds ratios so that values less than
one are a reduction in likelihood of graduation and values over one
are an increase in likelihood of gradation. The analyses included
controls for institution attended, but the Exp (B) is not presented
based on the data usage agreement with the universities. Refer-
ence group for race/ethnicity is White and the reference group for
gender is male. !Interaction effect for student of color (Black,
Native American, Latino/a/x, or multiracial).

Grad 4y Grad 6y

R20.08 R%20.358

Exp (B) Exp (B)
Black 0.300% 0.520
Asian/Pacific Islander 0.672* 1.280*
Native American 0.155 0.187
Latino/a/x 0.398* 0.689
Two or More Races 0.294* 0.420
Gender (Female) 1.104 0.854
Pell eligible ever 0.593 0.988
First-generation in College 1.033 1.042
Prior Academic Performance 1.591%* 1.750%*
Participation in UR 1.964** 11.295%*
Student of color interaction effect, 2.120 1.833
First-generation interaction effect 0.774 1.258
Pell eligibility interaction effect 1.467 1.642
Constant 0.486** 4.069**

other marginalized students in STEM. Forty-eight percent of
marginalized URs graduated in 4 y compared with 35% of
their like peers (4-y graduation: t = -10.66, df = 12545, p <
0.001). The increase in graduation rates was even more dra-
matic at 6 y (6-y graduation: t =-32.01, df = 12545, p < 0.001;
Figure 2). Importantly, when we look at 6-y graduation rates,
we see that 95% of URs marginalized in STEM graduate in 6 y
and which is the same rate of graduation as the overall UR
population. There is no equity gap in 6-y graduation rates,

100%
90%
80%

70%

60%

60%

48%

50%

40%

Graduation Rates

30%

20%

10%

e

0%
4-year

# Like Peers in STEM B UR-Marginalized in STEM

FIGURE 2. Graduation rate comparison between URs who have been marginalized in

STEM and like-peers in STEM (n = 1254).
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though a small gap (48 vs. 53%) persists in 6-y graduation
rates (Figures 1 and 2).

When examining graduation rates for groups of marginal-
ized students, we see dramatic equity gaps and striking differ-
ences between students who participate in UR and their like-
peers (Figure 3). For students who have been historically
excluded from research experiences based on race/ethnicity
(Black, Latino/a/x, Native American, and multiracial students),
we see a — 12% equity gap in 4-year graduation, but that equity
gap is reduced to — 4% for URs (Figure 3).

We found a similar pattern in 4-y graduation equity gaps for
Pell eligible and first-generation students with equity gaps cut
in half for URs (Figure 3). At 6 y, the equity gap for students
who have been excluded from research experiences based on
race/ethnicity remains high (-10%) for non-UR students but is
marginal for Pell eligible (~1%) and nonexistent (1%) for
first-generation students. For URs at 6 y, the race/ethnicity
equity gap is eliminated, and all marginalized groups had grad-
uation rates slightly higher than average.

To further explore the role of UR in closing equity gaps, we
conducted logistic regressions on the relationship between par-
ticipation in UR and graduation (at 4 and 6 y) for students
marginalized in STEM (e.g., students of color, first-generation
students, and Pell eligible students; Table 5).

Similar to the regressions on all URs, in this analysis on stu-
dents marginalized in STEM, we see that prior academic perfor-
mance and participation in UR have strong and significant pos-
itive relationships to graduation. At 4 y, marginalized students
are 1.69 times as likely to graduate if they participated in UR,
and at 6 y, UR participants were a dramatic 14.36 times more
likely to graduate.

DISCUSSION

This study explored how UR may be related to graduation rates
and whether participation in research may reduce equity gaps
in college graduation rates. To do this, we examined both the
equity gaps that exist in who participates in research opportuni-
ties and how participation in UR is related to the likelihood of
graduating when compared with like-
peers. The results illustrate both promising
signs of increasing participation in UR at
some institutions and the importance of
ensuring equitable participation because
of the relationship between research par-
ticipation and graduation rates.

95%

Who Participates in Research

In answering the first research question, we
found that URs differed from the general
student population in a number of ways.
There were many more researchers in
STEM majors and UR students had a higher
first-year or transfer cumulative GPA on
average than their peers. Current funding
structures and faculty promotion standards
in STEM fields are more conducive to
engaging students in research in contrast to
other disciplines that do not have access to
the same level of federal grant funding to
support UR (Ambos, 2020). Notably,
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UR and Student Success
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beyond a specific program or institution.

We have responded to specific sugges-
s tions from the U.S. Department of Educa-
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FIGURE 3. Equity gaps in STEM graduation rates for students of color, Pell eligible
students, and first-generation students (n = 2727) for URs and like peers from the same
marginalized group. Equity gaps are the differences between the average graduation rates
and the marginalized group with the axis representing the average graduation rate.

though, the universities involved in this study all had highly
diverse UR programs; indeed, at many of the institutions, the
population of URs was actually significantly more diverse than
the general student population in terms of parental education,
student SES, and race/ethnicity. This is in stark contrast to previ-
ous research showing that marginalized students are less likely
to have engaged in UR (National Academies of Sciences Engi-
neering, and Medicine, 2017) even at minority serving institu-
tions (Haeger et al., 2015). Our finding suggests that program-
matic efforts to increase diversity can have a dramatic impact in
increasing participation in UR which is critical for improving
persistence in STEM fields and diversifying the STEM workforce
(Linn et al., 2015)

TABLE 5. Logistic regressions on the likelihood of graduating in
STEM fields conducted on a sub-sample of marginalized students
(n=1254; *p < 0.01, ** p < 0.001, and *** p < 0.0001). Experimental
Beta coefficients are presented as odds ratios so that values less
than one are a reduction in likelihood of graduation and values
over one are an increase in likelihood of gradation. The analyses
included controls for institution attended, but the Exp (B) is not
presented based on the data usage agreement with the universities.

Grad 4y Grad 6y

R2 0.202 R20.174

Exp (B) Exp (B)
Black, 0.716* 1.081
Asian/Pacific Islander 0.917 1.217*
Native American 0.835 0.778
Latino/a/x 0.738%* 0.832*
Two or More Races 0.679* 0.745
Gender (Female) 1.242%%* 1.126%*
Pell eligible ever 0.910* 1.043
First-generation in College 0.773%%* 0.804%%*
Prior Academic Performance 2.166%** 1.759%%x
Participation in UR 1.686%** 14.361 %%
Constant 0.128%** 0.332%%*
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tion’s What Works Clearing House and
the National Academies of Sciences, Engi-
neering and Medicine (2017) to: 1) use
more direct and objective measures of
student success (graduation rates), 2)
gather data from multiple institutions
including MSIs, and 3) utilize analyses
include an appropriate comparison group
through experimental or quasi experi-
mental designs. Through this study using
more objective measures, data from six
institutions, and with a post hoc, quasiex-
perimental design, we found a pattern of
increased student success — operational-
ized as graduating from college — across
multiple universities. This pattern sug-
gests that our findings are generalizable beyond a specific UR
program.

In using this multi-institution dataset to answer the second
research question, we found that UR had a strong and signifi-
cant relationship to a student’s likelihood of graduating even
when compared with like-peers and controlling for student
background characteristics, institution attended, and prior aca-
demic performance. Previous research had suggested that
high-impact practices including UR did not have a significant
relationship to graduation rates (Johnson and Stage, 2018);
however, that research did not differentiate between UR and
other high-impact practices and focused on institutional policies
(e.g., mandating vs. offering UR experiences). Such analyses
may overlook the impact on individual students who participate,
and our study suggests that is exactly where we see the dramatic
difference that UR can make in students’ academic success.
Future research should examine what types of opportunities are
offered by institutions which require all students to engage in
research and how these opportunities may differ from individu-
ally mentored research experiences. Indeed, research has shown
that factors such as the rigor and quality of the research experi-
ence along with access to financial and interpersonal support
during research positively impact the outcomes students gain
from the experience (Wilson et al., 2018). Students who were in
funded, rigorous research opportunities with access to faculty
and peer support were more likely to go on to graduate school
and produced more research products (e.g., posters and schol-
arly papers) than other students (Wilson et al., 2018).

Though the present study demonstrates a positive relation-
ship between participating in research and gradating college,
we do not wish to suggest UR is a “magic bullet” which can
solve most or all educational inequities. For instance, it is cru-
cial to investigate the inequitable outcomes that may arise for
marginalized populations even within the research context and
even at racially/ethnically diverse institutions. UR experiences
do not always result in positive outcomes given that mentoring
interactions vary and have the potential to both hinder and
foster students’ research development (Aikens et al., 2017).
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Despite receiving one-on-one mentoring, first-generation STEM
students are less likely to professionally advance (e.g., publish)
compared with peers whose parents went to college, even when
first-generation students are attending a more racially and
socioeconomically diverse institution (Grineski et al., 2017).
Our findings suggest that involvement in UR is key for boosting
graduation rates and broadening STEM participation. Yet, equi-
ty-focused researchers must also continue identifying factors
that could impede students’ professional development and
potentially hinder their degree completion.

A common critique of associating UR with academic success
is the assumption that already high achieving students are the
students who engage in UR. We found that URs did have a
higher average prior academic performance (3.04 first-year
GPA for the nonresearchers and 3.33 GPA for UR). Despite this,
we still found a dramatic, positive effect of participation when
comparing to similarly higher achieving peers and when con-
trolling for prior academic performance. This suggests that the
higher rates of academic success for URs are not solely due to
self-selection bias.

Beyond improving a student’s likelihood of graduating at 4
and 6 y, the results from the third research question also
demonstrate the potential of UR as a means of closing educa-
tional equity gaps. Prior research has demonstrated that equity
gaps for student of color (Riegle-Crumb et al., 2019) and low-
er-SES students (Bettencourt et al., 2020) are larger in STEM
fields. We found that equity gaps in 4-y graduation rates for
students of color, low-income, and first-generation students
were cut in half for URs. At 6-y, these gaps were completely
closed for URs. Our results are consistent with prior research
on UR and its relation to increasing STEM degree completion
in marginalized student populations (Carpi et al., 2017;
Estrada et al., 2016). While the quality of UR is not noted in
the current study, our study replicated findings from studies at
single institutions that participation in UR can increase aca-
demic success (Haeger and Fresquez, 2016) and reduce equity
gaps (Bhattacharyya and Chan, 2021). Our results indicate
that UR is a positive factor for STEM graduation rates across
varying racial/ethnic minoritized student populations and for
lower-SES students at different institutions. UR could be
salient to developing a sense of belonging through multiple
circumstances (e.g., connecting with STEM major through lab
tasks, learning how to navigate the STEM environment, and
building a STEM community through faculty and graduate
student mentors; Olivares-Donoso and Gonzalez, 2019), and
thus contribute to diversifying the STEM field (Carpi et al.,
2017). As we seek ways to close educational equity gaps and
increase graduation rates, UR can be a meaningful way to
improve student success and increase equity.
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