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Abstract

In this study, researchers at a large, urban, comprehensive minority-serving institution used 

propensity score matching to identify a unique comparison group to study academic and 

graduate school outcomes in students served by the National Institutes of Health–funded 

Building Infrastructure Leading to Diversity (BUILD) Initiative. Acknowledging that students’ 

self-selection biases may confound findings, the use of propensity methods to match students 

served with those who were not (but were otherwise eligible) provides a valuable tool for 

evaluators and practitioners to combat this challenge and better evaluate their effectiveness and 

impact on students’ success. This study’s findings indicate that BUILD participants had higher 

academic and graduate school success with regard to cumulative GPA, units attempted and 

completed, graduation status, and application and admission to graduate programs.
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sciences, engineering, and behavioral health sciences (BSE/BHS; NSB 2012; Nelson 2004). 

National US data show that these underrepresented groups (URGs) represent only 14 percent 

of earned baccalaureate degrees in science and 6 percent of BSE/BHS doctorates, compared 

with 81 percent and 74 percent for their non-URG peers (NCES 2001; NSB 2012). To 

address this lack of diversity, the inclusion of URGs in undergraduate research-training 

programs (URTPs) is recognized as a significant step toward engaging and retaining URGs 

in health-related research careers.

Engaging in research has been associated with improvements in student learning and critical 

thinking (Brownell et al. 2015), which in turn have led to increases in cumulative GPA 

(Haeger and Fresquez 2016), retention and persistence in undergraduate science, technology, 

engineering, and math (STEM) degrees (Russell, Hancock, and McCullough 2007), shorter 

time-to-degree (Kinkel and Henke 2006), and higher graduation rates (Jones, Barlow, and 

Villarejo 2010). Improvements in these academic outcomes are even greater among URGs 

the longer they engage in URTPs (Hernandez et al. 2018). URTPs also strengthen students’ 

preparation for BSE/BHS graduate studies, increasing their probability of pursuing and 

enrolling in a BSE/BHS graduate program and generating valued products for graduate 

schools, including publications, presentations, and awards (Eagan et al. 2013; Weston and 

Laursen 2015; Wilson et al. 2018).

Despite these promising findings, quantitative assessments of URTPs are rare due to the 

challenging process of tracking long-term student outcomes (Linn et al. 2015). Prior 

literature suggests that between 29 percent (Junge et al. 2010) and 33 percent (Hall 

2017) of students in formal URTPs complete PhD degrees. However, few studies report 

the impact of structured URTPs with a matched comparison group on graduate school 

application, admission, and matriculation outcomes. Furthermore, few studies document 

the nuances of these outcomes by comparing findings on URGs and non-URGs. Including 

a comparison group when testing the effectiveness of URTPs has been limited due to 

challenges in implementing traditional randomized controlled trials in higher education, with 

randomization of students to support programs creating ethical and practical dilemmas for 

evaluators and researchers (Cook 2001).

Therefore, the development of improved and dependable evaluation methods to assess 

program effectiveness has become a priority. As states move from enrollment-based to 

performance-based funding models, institutions and programs that effectively meet their 

accountability measures will be prioritized (Boggs 2018; Dougherty et al. 2014; LAO 

2007). Relying on descriptive statistics or only reporting numbers of students supported 

by these programs who meet the intended goals misses the opportunity for comprehensive 

evaluation (Stuart and Rubin 2008; Weston and Laursen 2015). Higher education researchers 

and evaluators must use techniques to develop adequate comparison groups and rule out 

selection bias to demonstrate program success, secure funding, and disseminate more robust 

findings.

One solution to developing adequate comparison groups is to use statistical approaches 

that match program participant characteristics to similar students who did not participate 

in the program but were otherwise eligible. Propensity score matching (PSM) provides an 
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opportunity to match students based on a propensity score: “the conditional probability of 

assignment to a particular treatment given a vector of observed covariates” (Rosenbaum 

and Rubin 1985). Using this approach, researchers can rule out selection bias and more 

accurately assess differences in program outcomes of interest, such as student retention 

and graduate school application, acceptance, and matriculation (Angrist and Pischke 2009). 

Propensity score matching is a statistical estimation of group enrollment and can be used to 

select cases that are statistically similar to an intervention group. Rather than predicting who 

may or may not be enrolled, it selects a subsample of cases that include a covariate factor 

to reduce the strength of the effect of confounding variables in final analyses by creating a 

more similar sample for comparison.

Despite these benefits, there are some requirements to PSM that may explain why few 

published studies have reported using propensity methods to evaluate URTPs that support 

underserved students. To find comparison group matches with adequately matching scores, 

PSM requires large datasets with no missing data; URTP research often includes missing 

data and smaller sample sizes. There also may be a lack of knowledge regarding its utility 

due to its slow migration of use from health sciences to social and educational research. 

However, with complete data and increased sample sizes, propensity methods allow the 

creation of pseudo-randomized control groups that temper the effects of possible confounds, 

enabling meaningful analyses and results.

The purpose of this study is to provide an illustrative example of using PSM to identify 

a comparison group and test the effectiveness of a URTP (California State University, 

Long Beach Building Infrastructure Leading to Diversity Initiative, or CSULB BUILD) in 

enhancing student academic and graduate school outcomes. The following hypotheses guide 

this study:

1. BUILD students, when compared to matched non-BUILD students, will have 

higher cumulative grade point averages (GPAs), more units attempted and units 

earned, will be more likely to graduate, and have less time-to-degree.

2. BUILD students, when compared to matched non-BUILD students, will apply to, 

get accepted to, and attend graduate and professional programs at higher rates. 

The authors also explored whether these outcomes differed by URG status and 

PhD programs specifically.

Method

Data Collection

This study analyzed existing program and institutional data (e.g., demographic and academic 

outcomes) and additional primary data (i.e., graduate school outcomes) on a sample 

of undergraduate students who matriculated at California State University, Long Beach 

(CSULB) between fall 2010 and spring 2019. Institutional Review Board (IRB) approval 

was obtained before data collection and analysis.
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Demographic and Academic Data

The local institutional research office provided student demographic information and 

admission, enrollment, and degree attainment data. BUILD participant programmatic and 

graduate school outcome data were acquired directly from the students, from their mentors, 

and by other data collection efforts (i.e., BUILD Alumni Survey, follow-up emails and 

outreach, and additional annual report records).

To determine if non-BUILD students participated in undergraduate research, data were 

provided from academic colleges, the local institutional research office, and the Office of 

Research and Economic Development (i.e., college safety-training rosters, research program 

rosters, enrollment in inquiry-based research courses, and Collaborative Institutional 

Training Initiative records).

Graduate School Data

Graduate school outcome data was collected directly from CSULB URTPs and through 

an online Students and Alumni Survey that was administered to BUILD and non-BUILD 

students (n = 3,214). One invitation and weekly reminders were sent, with the survey 

remaining open for four weeks. Consenting participants answered 11 questions, including, 

“Were you admitted to any of the programs to which you applied?” and “If you applied and 

were admitted, did you attend, or do you plan to attend?” Of the 3,214 students invited to 

complete the survey, 636 (20 percent) participated.

Matched Comparison Group

To identify a BUILD comparison group, a 1:10 nearest neighbor matching without 

replacement PSM method was used. Although optimal matching typically results in more 

matched cases, nearest neighbor matching is considered more robust (Rosenbaum and Rubin 

1985; Stuart and Rubin 2008) and allows students to be matched on propensity scores 

at a stricter threshold (Caliendo and Kopeinig 2008). A caliper (the maximum permitted 

statistical difference between matches) of 0.20 was selected (Rosenbaum and Rubin 1985; 

Stuart and Rubin 2008). Non-BUILD students who did not meet all eligibility requirements 

were excluded from consideration for a match. Of 120,769 undergraduate students, 45,962 

students met BUILD initiative eligibility criteria and were used for initial PSM (see Figure 

1).

Next, logistic regression models were used to predict the probability of students 

participating in BUILD, and covariates were selected based on the literature (Caliendo and 

Kopeinig 2008; Lane et al. 2012). All covariates with the exception of gender, Pell grant 

eligibility, continuous enrollment, and some cohorts and colleges were significant (see Table 

1).

Participants

The PSM analysis resulted in a 1:10 match of 297 BUILD to 2,952 non-BUILD students. 

After propensity scores were estimated and participants were matched, standardized mean 

differences were analyzed to assess the match quality of BUILD and non-BUILD students 

(Caliendo and Kopeinig 2008). After using PSM, BUILD and non-BUILD students were 

Stormes et al. Page 4

Scholarsh Pract Undergrad Res. Author manuscript; available in PMC 2023 March 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



more similar, with the standard mean difference for student characteristics, such as full-time 

enrollment (i.e., 12 or more units), dropping from 0.989 to 0.012 (see Table 2). This increase 

in match between groups can be seen across variables, illustrating that all covariates were 

now more balanced, with all standard mean differences less than 0.1 after matching (see 

Table 3 for full demographics of BUILD and non-BUILD students).

Program Description

At CSULB, health-related research is interdisciplinary and includes basic, applied, and 

translational approaches to studying a variety of prominent health issues. CSULB BUILD 

has pursued a range of strategies to encourage preparation and persistence in health-related 

disciplines, including providing a culturally sensitive student training program, rigorous 

health-related research training, mentorship opportunities for URGs (Abeywardana et al. 

2020), and training for faculty mentors (Urizar et al. 2017; Young and Stormes 2020).

Analyses

A priori power analyses were conducted using G-Power to ensure that minimum sample 

sizes were obtained and to avoid a type II error. Adequate power of 0.80 was present for all 

analyses and sample sizes proposed. For the mean comparison independent samples t-tests, 

with an alpha of 0.05, power of 0.95, and Cohen’s d of 0.60, a minimum sample of 122 per 

group was needed. A Cohen’s d of 0.20, 0.50, and 0.80 represent a small, medium, and large 

effect, respectively (Cohen 1988). For the chi-square nonpara-metric tests, with an alpha of 

0.05 and power of 0.80, and ϕ of 0.5, the minimum sample size needed was 32 per group. 

Cramer’s ϕ ranges from zero to one where 0.10, 0.30, and 0.50 represent a small, medium, 

and large effect, respectively. This study exceeded these recommended minimum sample 

size requirements.

Independent samples t-tests and Pearson’s chi-square tests were used to analyze between-

group differences of continuous and categorical dependent variables, respectively. For both 

types of analyses, BUILD student status (BUILD or non-BUILD) was the independent 

variable, and academic (i.e., units attempted, units earned, units completed, time-to-degree, 

and college change), and graduate school outcomes (i.e., application, admission, and 

matriculation) were the dependent variables. Additional post hoc analyses examined the 

extent to which BUILD equitably supported URGs across the same outcomes.

Results

Academic Outcomes

BUILD students attempted more units (M = 88.92, SD = 33.14) and earned more units 

(M = 86.20, SD = 32.64) than non-BUILD students (M = 83.31, SD = 39.02; M = 79.97, 

SD = 37.78). However, BUILD and non-BUILD students did not differ in completion rate 

(i.e., the percent of units earned out of units attempted). Most notably, BUILD students had 

higher cumulative GPAs (M = 3.42, SD = 0.39) than non-BUILD students (M = 3.17, SD = 

0.43), t(3,247) = 9.447, p < .001, Cohen’s d = 0.61 (see Table 4 for all t-test results). The 

magnitude of this effect was medium (Cohen 1988), demonstrating a considerable difference 

between BUILD and non-BUILD cumulative GPAs.
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Additionally, BUILD students were significantly more likely to graduate from college 

compared to non-BUILD students (52 percent and 33 percent, respectively), χ2(1) = 43.50, 

p < .001, ϕ = 0.116. However, among those who graduated, there were no group differences 

in the frequency of changing degree or in time-to-degree (measured in number of semesters).

Further analyses were conducted to examine whether the BUILD Initiative had a differential 

impact on URGs. Differences between BUILD and non-BUILD students in units attempted 

and earned were no longer significant when accounting for URG status (see Table 4). 

However, GPA differences remained significant such that both BUILD URG (M = 3.37, SD 
= 0.36) and non-URG students (M = 3.54, SD = 0.35) had higher cumulative GPAs than 

non-BUILD URG [M = 3.19, SD = 0.39; t(642) = 4.09, p < .001, Cohen’s d = 0.48] and 

non-URG counterparts [M = 3.29, SD = 0.38; t(485) = 4.85, p < .001, Cohen’s d = 0.68; see 

Table 4].

Regarding graduation, both BUILD URG (χ2(1) = 28.30, p < 0.001, ϕ = 0.122) and non-

URG students (χ2(1) = 15.55, p < .001, ϕ = 0.108) graduated at higher rates (52 percent and 

53 percent, respectively) than non-BUILD URG and non-URG students (32 percent and 35 

percent, respectively). Additionally, there were no significant between-group differences by 

URG degree earners in the frequency of changing degree or in time-to-degree.

Graduate School Outcomes

Because graduate school outcomes are an important mission of URTPs, BUILD and non-

BUILD students were compared on application, admission, and matriculation to graduate 

school in general (master’s and PhD programs), and specifically doctoral programs. These 

analyses were limited to those who graduated or who were graduate-school eligible, 

narrowing the available sample for comparison to 155 BUILD students and 257 non-BUILD 

students.

BUILD students were more likely to apply to any graduate program (75 percent) than 

non-BUILD students [42 percent; χ2(1) = 48.51, p < .001, ϕ = 0.32]. Among those that 

applied, BUILD students (n = 103; 79 percent) were more likely to be admitted to graduate 

school than non-BUILD students [n = 77; 61 percent; χ2(1) = 10.59, p < .001, ϕ = 0.20]. 

However, among those admitted, there were no group differences in graduate program 

matriculation. For doctoral graduate programs, more BUILD students (97 percent) applied 

than non-BUILD students [68 percent; χ2(1) = 24.8, p < .001, ϕ = 0.42]. However, there was 

no difference between BUILD and non-BUILD PhD program admission or matriculation.

When examining graduate school outcomes by URG status, BUILD URG and non-URG 

students had higher application (79 percent and 70 percent, respectively) and admission (77 

percent and 83 percent, respectively) to graduate programs compared to non-BUILD URG 

and non-URG students (application: 47 percent and 36 percent, respectively; admission: 

58 percent and 65 percent, respectively), but did not differ in matriculation. Findings were 

similar regarding doctoral program application, with BUILD students, regardless of URG 

status, having applied at higher rates (97 percent) than non-BUILD students (URG: 65 

percent; non-URG: 71 percent; see Table 5 for chi-square results).
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Discussion

Academic Outcomes

Results demonstrated that although BUILD students attempted and earned more units than 

non-BUILD students, they had comparable completion rates. These patterns were observed 

for both URG and non-URG students and are similar to previous studies showing that 

participation in URTPs (particularly for one academic year or longer) led to increased 

persistence, improvements in cumulative GPAs, and retention in undergraduate science 

degree programs (Haeger and Fresquez 2016; Hernandez et al. 2018). A common barrier to 

the institutionalization of URTPs is the fear of increased time-to-degree (Johnson and Stage 

2018). However, results show that, although BUILD students attempted and completed more 

units than their matched non-BUILD counterparts, their time-to-degree was not significantly 

increased, an encouraging finding for those seeking support for further institutionalization 

and dissemination efforts.

Additionally, BUILD students had higher cumulative GPAs and graduation rates than non-

BUILD students. These results are particularly noteworthy given current mandates (Boggs 

2018; Dougherty et al. 2014; LAO 2007) to increase four-year graduation rates and potential 

concerns that adding URTPs and coursework may delay time-to-degree (Johnson and Stage 

2018). Additionally, this is one of the few studies to demonstrate that formal URTPs that 

serve various student divisions (first-year to fourth-year students) have a strong and positive 

impact on academic outcomes, including increased graduation rates. Most notably, BUILD 

students’ GPAs remained significantly higher than non-BUILD counterparts’ across URGs, 

suggesting that the program is helpful for many different student populations that may not 

typically benefit from program support.

Overall, these findings may be due to the level of social engagement within the 

program through yearlong faculty- and peer-led learning communities (Abeywardana et 

al. 2020), complemented by faculty-mentored research experiences and research-infused 

courses across several health-related disciplines (Urizar et al. 2017). These programmatic 

components engage a wider student pool interested in health research and have been shown 

to be high-impact practices that mainly benefit URGs in navigating social and academic 

cultural practices toward degree completion (Johnson and Stage 2018; Kilgo, Ezell Sheets, 

and Pascarella 2015).

Graduate School Outcomes

Results also showed that BUILD students, regardless of URG status, had higher application 

and admission rates to graduate programs, but no difference in matriculation rates compared 

to non-BUILD students. Additionally, more BUILD students applied to doctoral programs 

(97 percent) than non-BUILD students (68 percent), although their PhD admission and 

matriculation rates did not significantly differ. Notably, of BUILD students who applied 

to doctoral programs, 85 percent were admitted, and of those, 89 percent matriculated. 

Previous studies found students participating in URTPs to have 30 percent doctoral 

matriculation rates (Hall 2017; Junge et al. 2010). Together, these results demonstrate 
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BUILD to have a strong impact on preparing students for graduate school admission and 

support the need for URTPs that train and prepare students for graduate school.

Limitations and Strengths

Several limitations merit mention. First, not all URTPs at CSULB were willing or able 

to provide participant rosters. Thus, in some instances, unless a non-BUILD student 

self-reported participation in research using the online survey, it is possible that URTP 

participation in this group was underreported. Although this may have limited the pool of 

possible matches, there was still a larger sample than was required. Second, PSM analyses 

only included students with complete data, possibly leading to nonresponse bias (Porter and 

Whitcomb 2005). Therefore, study findings may not be representative of all non-BUILD 

students at CSULB. Finally, at the time of this study, only a subset of BUILD students had 

graduated, limiting analysis of graduate school outcomes. Nevertheless, results for graduate 

school outcomes showed medium to large effect sizes (Cramer’s ϕ of 0.2–0.42). Given that 

the BUILD Initiative is still in its pilot phase, these findings indicate that the program is 

effective and is contributing to students’ academic and graduate school success.

Despite these limitations, this study has many strengths. First, this study serves as a model 

for how PSM can be used to identify a comparison group at a single institution to test URTP 

effectiveness across several student outcomes. The advantage of PSM is its ability to create 

a comparison group of students with similar demographics who are exposed to the same 

campus environment, activities, policies, and procedures. This comparison is key, allowing 

researchers to reduce the impact of confounds commonly found when comparing student 

outcomes across multiple campuses, institution types, and demographics. Second, multiple 

sources were used to obtain complete student records (i.e., institutional data, program data, 

faculty mentors, and student self-report), thereby increasing the level of reliability and 

validity of these results beyond self-report and speculation, and reducing the need to remove 

students from analyses due to missing data.

Future Research

The data-related challenges to testing the effectiveness of URTPs using a representative 

comparison group are not unique to this institution. Other researchers will likely encounter 

similar difficulties, limiting the strength and implications of their findings. However, results 

from this study support the use of PSM to control selection bias and more accurately assess 

program effectiveness.

Future studies should consider disaggregating health-related disciplines instead of studying 

BSE/BHS and STEM students in the aggregate (Haeger et al. 2020; Sax and Newhouse 

2018). With larger samples, program outcomes can be evaluated by more specific participant 

characteristics (e.g., ethnicity, Pell grant recipients, first-generation status, gender, and 

intersections of race and gender). Further, there are factors beyond student preparation and 

training that play an essential role in degree completion and graduate school admission and 

matriculation. Traditionally, standardized test scores and holistic reviews of applications are 

part of admissions decisions, but that may be changing. The admission process relies on 

identifying a “fit” between the student and the program (Sowell, Allum, and Okahana 2015). 
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Future work should focus on interventions that address nuances in admission processes and 

other factors that influence matriculation and degree completion.

Conclusion

This study aimed to share one method of strengthening research and evaluation practices 

by illustrating how to identify a comparison group using PSM for analysis of academic 

and graduate school outcomes. Importantly, matched comparison groups allow programs 

to test outcomes overall, and whether all students are being served equitably. Although 

significant outcomes from a one-to-one match are dependent on sample size and available 

data, studying the programmatic impact with a small sample was not a deterrent. Both 

statistical and practical significant findings can be gleaned from this work, which outweigh 

the time needed to collect and prepare these analyses. Overall, PSM strengthened efforts 

to study the impact of URTP participation on measures of academic and graduate school 

outcomes, allowing for more robust findings relative to the sample population.

Decades of research illustrate a need for increased funding and support for URTPs. With 

funding now available, and programs being piloted, effective assessment will continue to 

require improved efforts to compare groups of participating and nonparticipating students 

and program effectiveness. The use of PSM to identify statistically similar comparison 

groups in higher education may result in a better understanding of programmatic impact on 

measures of student success.
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FIGURE 1. 
Participant flowchart
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